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1. Introduction

The Golden Hardware Reference Design (GHRD) is a hardware reference design that you can use as a base starting point to
create your own FPGA hardware design. It includes key hardware building blocks like RISC-V, flash controller, multiport
memory controller, Scatter-Gather Direct Memory Access (SGDMA), Tri-Speed Ethernet Media Access Controller (TSEMAC),
UART, and GPIO. All these building blocks are connected with an industry standard interconnect, such as AXI4 for high
speed blocks and AHBL for low speed blocks.

The Golden System Reference Design (GSRD) is a comprehensive embedded system created by incorporating the GHRD
with the necessary device drivers. GSRD runs on RISC-V RX that supports the FreeRTOS open-source operating system.
GSRD enables a bootloader that checks for firmware consistency by performing CRC checks while enabling key IP
components using compatible FreeRTOS device drivers.

The GSRD is capable of establishing the integrity of binaries and execute the appropriate program. There are two FPGA
images — Primary Image and Golden Image. If the Primary Image integrity check fails, then the system switches to the
Golden Image.

1.1. GHRD Components

You can easily build a GHRD using the Lattice Propel™ builder environment. The key features of the GHRD are as follows:
e RISC-V RX soft CPU

e  Multi-Port Memory Controller (LPDDR4 memory controller support)

e Quad Serial Peripheral Interface (QSPI) flash controller and on-chip memory

e TSEMAC
e SGDMA data transfer IP
e UART

e General purpose I/O (GPIO)

e  FPGA configuration for multi-boot
e  SFP configuration

e AXl4 interconnect

e APBinterconnect

Note: For more details on the components listed above, refer to their respective user guides as listed in the References
section.

1.2. GSRD Components
The GSRD includes the following components:
e GHRD
e Reference RISC-V software including:
e Bootloader
e  FreeRTOS device drivers for all IPs
e  FreeRTOS sample applications

www.latticesemi.com/legal
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1.3. Features Overview

Key features of the GSRD SoC include:

e The GSRD is targeted for the CertusPro™-NX FPGA

e  Supports RISC-RX, MPMC, SGDMA, LPDDR4, and QSPI controller over the AXI interface
e Bootloader, Primary image, and Golden image

e The Golden image acts as a baseline version of the system

e The Primary image is an updated version of the system

e Bootloader firmware supports CRC checking and switching between the Primary image and Golden image
e FPGA image CRC and booting are performed by the configuration engine of the FPGA
e The firmware has the option to manually boot the FPGA image based on CRC check

e The firmware copies from the QSPI flash to LPDDR4 before execution

e LPDDR4 supports 32-bit data interface and 400/533 MHz DDR frequency

e The GSRD meets 110 MHz CPU frequency and 1 Gbps Ethernet throughput

www.latticesemi.com/legal
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2. Design Overview

The system hardware (SoC) supports RISC-V RX, MPMC, SGDMA, and QSPI controller over the AXl interface. It includes the
bootloader, Primary image, and Golden image.

2.1. GSRD Architecture
The GSRD architecture is shown in Figure 2.1.

LPDDR4 External

Memory LPDDR4

AX14 Controller Memory

BO
[ SGDMA
[P
MPMC APB
» IS AXI4
Interconnect
2
AXl14
APB UART
AXl4 System Memory
APB
APB GPIO
Interconnect
AXl14
IS Interconnect AXi4 LA
1 Bridge
RISC-V RX
DS
—  TSEMAC AXI4
‘ AXl4-Lite | QSPI Controller SPI Flash
RJ 45 Conncetor
SFP
Configuration
APB
AXI4-Lite

Figure 2.1. GSRD Architecture

The GSRD architecture includes a RISC-V RX processor, various IP modules, and two AXI4 interconnects.

2.2. |IP Modules

The GSRD architecture shown in Figure 2.1 includes the following IP modules:

TSEMAC

The TSEMAC IP core supports the ability to transmit and receive data between standard interfaces, such as APB, AHB-Lite or
AXl4-Lite, and an Ethernet network. The main function of TSEMAC IP is to ensure that the Media Access rules specified in
the 802.3 IEEE standard are met while transmitting a frame of data over Ethernet. On the receiving side, the TSEMAC
extracts different components of a frame and transfers them to higher applications through the FIFO interface.

For more information about the IP core including register map information, refer to Tri-Speed Ethernet MAC IP Core -
Lattice Radiant Software (FPGA-IPUG-02084).
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LPDDR4 Memory Controller

The Lattice Semiconductor LPDDR4 Memory Controller for Nexus Devices provides a turnkey solution consisting of a
controller, DDR PHY, and associated clocking and training logic to interface with LPDDR4 SDRAM. The IP core is
implemented in System Verilog HDL using the Lattice Radiant™ software integrated with the Lattice Synthesis Engine (LSE)
and Synplify Pro® synthesis tools.

For more information about the IP core including register map information, refer to LPDDR4 Memory Controller for Nexus
Devices (FPGA-IPUG-02127).

QSPI Controller

The Quad Serial Peripheral Interface (QSPI) is a four-tri-state data line serial interface that is commonly used to program,
erase, and read SPI Flash memories. QSPI enhances the throughput of a standard SPI by four times since four bits are
transferred every clock cycle. The Lattice QSPI Flash Controller IP core supports the SPI, DSPI, and QSPI protocols. The
design is implemented in Verilog HDL.

For more information about the IP core including register map information, refer to QSPI Flash Controller IP Core (FPGA-
IPUG-02248).

MPMC

The AXI4 Multi Port Bridge for Memory Controller (MPMC) IP connects multiple external managers to a single memory
controller. This IP runs only on AXI4, and supports separate clock domains between each external managers and the
subordinate.

For more information about the IP core, refer to AXI4 Multi Port Bridge for Memory Controller Module (FPGA-IPUG-02246).
For register map information, refer to SGMIl and Gb Ethernet PCS IP Core - Lattice Radiant Software (FPGA-IPUG-02077).

SGMII

The SGMII/Gb Ethernet PCS IP core converts GMII frames into 8-bit code groups in both transmit and receive directions and
performs auto-negotiation with a link partner as described in the Cisco SGMII and IEEE 802.3z specifications. The SGMII IP is
a connection bus for MACs and PHYs and is often used in bridging applications and/or PHY implementations. It is widely
used as an interface for a discrete Ethernet PHY chip.

For more information about the IP core including register map information, refer to SGMII and Gb Ethernet PCS IP Core -
Lattice Radiant Software (FPGA-IPUG-02077).

SGDMA

The Scatter Gather Direct Memory Access Controller (SGDMA) IP core provides access to the main memory independent of
the processor. It offloads processor intervention. The processor initiates transfer to SGDMAC and receives an interrupt on
completion of the transfer by the DMA Engine. The Lattice SGDMAC IP core implements a configurable, AXI Lite-compliant
DMA controller with scatter-gather capability.

For more information about the IP core including register map information, refer to SGDMA Controller IP Core - Lattice
Radiant Software (FPGA-IPUG-02131).

For API details, refer to SGDMA Driver APl Reference (FPGA-TN-02340).

UART

The Lattice Semiconductor UART (Universal Asynchronous Receiver/Transmitter) IP Core is designed for use in serial
communication, supporting the RS-232. The UART IP Core has many characteristics similar to those of the NS16450 UART.

The UART IP Core performs two main functions:
e Serial-to-parallel conversion on data characters received from an external UART device; and
e Parallel-to-serial conversion on data characters received from the Host located in the FPGA.

For more information about the IP core including register map information, refer to UART IP Core - Lattice Propel Builder
(FPGA-IPUG-02105).
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FPGA Configuration Module

The Nexus configuration logic provides an LMMI interface to allow user logic residing inside the FPGA fabric to access the
device configuration (CFG) functionalities. You need to instantiate the CONFIG_LMMIA and OSC primitives. The FPGA
configuration module executes the LSC_REFRESH command to toggle the PROGRAMN pin to automatically switch to an
alternate pattern (Golden pattern).

For more details, refer to Appendix D. Configuration Access from User Logic of sysCONFIG User Guide for Nexus Platform
(FPGA-TN-02099).

SFP Configuration module

The SFP configuration module includes an LMMI module and an I2C controller module. The I2C controller drives the LMMI to
perform SFP configuration. It generates the SFB Disable signal and uses the Link OK signal of the SGMII IP and the SFB
Absent signal.

2.3. AXl4 Interconnects

The RISC-V RX soft processor is connected to most of the peripheral blocks via AX14 interconnect 1 as shown in Figure 2.1.

There are two AXI4 interconnects:

e AXl4 interconnect 1 connects the MPMC block, system memory, QSPI controller, TSEMAC, and other low speed
peripherals (UART/GPIO) to RISC-V and SGDMA.

e  AXl4 interconnect 2 connects the MPMC block and AXI4 interconnect 1 to the SGDMA block. The purpose of this
interconnect is to improve the system performance by storing the data coming from TSEMAC directly into the LPDDR4
memory.

2.4. Memory Map
Table 2.1 shows the GSRD memory map.

Table 2.1. GSRD Memory Map

Base Address End Address Range Size (kB) Block

(Bytes in Hex)
00000000 0O0O03FFFF 40000 256 CPU Data Ram
00300000 0037FFFF 80000 512 SPI Flash Controller
10000000 10000FFF 1000 4 GPIO
10001000 10004FFF 4000 16 TSE MAC
10090000 10090FFF 1000 4 UART
10092000 10092FFF 1000 4 LPDDR4 APB
10093000 10093FFF 1000 4 SGDMA
1009B000 1009BFFF 1000 4 FPGA Config APB
10110000 5010FFFF 40000000 1048576 LPDDR4 AXI
F2000000 F20FFFFF 100000 1024 CLINT (CPU)
FCO00000 FC3FFFFF 400000 4096 PLIC (CPU)
FO000400 FFFFFFFF FFFFCOO 262143 Reserved (CPU)
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3. Firmware Components

The GSRD is enabled by RISC-V core based FreeRTOS and Lattice FPGA IP modules. Lattice developed BSP drivers in C
language act as intermediaries, facilitating communication between the hardware elements on the FPGA and FreeRTOS
software. During boot up, these drivers initialize and configure FPGA peripherals to establish effective coordination with the
RISC-V processor. For details on the boot flow, refer to the GSRD Demo User Guide (FPGA-UG-02205).

3.1. Primary Bootloader

The Primary bootloader initializes the BSP and OS. Address, speed mode, MAC upper and MAC lower is passed to the TSE
MAC handler. It passes the TSE core object to initialize the Ethernet IP and set the Ethernet MAC address. It initializes the
LPDDR and QSPI. After initialization, it reads data from the flash memory with the QSPI flash controller when FIFO is
disabled using the QSPI flash read fifo disable API. It calculates the CRC value with the crc16_ccit() APl and compares the
value with the calculated crc_fw value. Failure of the CRC check on the Primary firmware triggers reconfiguration of the
FPGA with the Golden image.

The terminal prints the following statement when the primary bootloader is loaded on the device:

The following sections provide details of the APIs.
e unsigned short crc16_ccitt(const void *buf, int len, unsigned short start)
This API calculates the CRC value.

Table 3.1. CRC Value API

In/Out Parameter Description Returns

In buf Pointer to the buffer to store the CRC value. Calculated CRC value
In len Denotes the number of blocks of data.

In start Start value of CRC16

e The following is an example API used in the GSRD primary bootloader:

crcl6_ccitt((void*)LPDDR_APPLICATION MEMORY_START_ADDR, LPDDR_APPLICATION_MEMORY_END_ADDR-
LPDDR_APPLICATION _MEMORY_ START ADDR, CRC16_START VAL);

e Start address of LPDDR is passed as first argument
e Length of total memory is calculated and passed as second argument
e The start value of CRC16 is passed as third argument

e unsigned int gspi_flash_cntl_init(struct gspi_flash_cntl_instance_t *this_qspi_flash_cntl, unsigned int base_addr)
This APl initializes the base address of the QSPI flash controller.

Table 3.2. QSPI Flash Controller Base Address

In/Out Parameter Description Returns
In this_qspi_flash_cntl | Pointer to the gspi_flash_cntl_instance_t structure 0: success
In base_addr Base address that is assigned to the controller. 1: failure

Figure 3.1 shows the API flow diagram.
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check if
this_qgspi_flash_cntl
is NULL

Return FAILURE

Set base address of
QSPI flash controller

l

Set status of the
QSPI flash controller
to IDLE

I

Return SUCCESS

|
(e e

Figure 3.1. gspi_flash_cntl_init()

e The following shows an example of the API used in the GSRD primary bootloader where the QSPI handle and base
address of controller are passed as first and second arguments, respectively.

gspi_flash_cntl_init(&qspi_core,
QSPI@_INST_QSPI_FLASH_CONTROLLER_MEM_MAP_AXI4LITE_BASE_ADDR)

e void gspi_flash_cntl_read_fifo_dis(qspi_params_t *this_qgspi_pkt, unsigned int *buffer)
This API reads data from the flash memory from a given flash address using Data Packet.

Table 3.3. SPI Flash Memory Read Data API

In/Out Parameter Description Returns
In this_qspi_pkt Pointer to the gspi_params_t structure. None
In buffer Buffer where the data is stored after reading from

the Data Packet register.

Configure the Packet Header registers with
proper values to start the read command

!

Enable interrupt, start transaction, and
check for the interrupt

!

Clear the interrupt, read the data from the
Packet Data register, and store the data
into the buffer

End

Figure 3.2. qspi_flash_cntl_read_fifo_dis()
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e The following shows an example of the API used in the primary bootloader where gspi_params_t handle and the
address of the LPDDR memory are passed to the API:

gspi_flash_cntl read_fifo_dis(&pkt_param(unsigned int*)LPDDR_APPLICATION_MEMORY_START_ADDR)

3.1.1. Primary Bootloader Flow
Figure 3.3 shows the initialization of BSP, OS, LPDDR, and QSPI.

The required parameters are passed to the TSE MAC handler. Data is read from the flash memory with the QSPI Flash
controller. CRC is calculated and the calculate the crc and either the Primary image of the Golden image is loaded onto

LPDDR based on the calculated CRC.

Initialize the BSP and OS

|

Pass the the address, speed_mode, mac_upper
and mac_lower to the TSE mac handler
Pass the tse core object to initialize The EThernet
IP and set the Ethernet MAC address

|

Initialize LPDDR and QSPI

|

Read data from the flash memory with
QSPI flash controller when FIFO is disabled
using QSPI flash read FIFO

|

Calculate CRC the using crc16_ccit() APl and
compare the CRC with calculated crc_fw value

Load Primary copy load onto
LPDDR memory (0x80000000)

if(crc_calculated ==
crc_fw)

Reset the firmware and load the Golden
copy onto LPDDR

End

A

Figure 3.3. Primary Bootloader Flow Diagram
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3.2. Primary Application

The Primary Application initializes the BSP, OS, and TSE. It waits for Ethernet packets and stores the packets into the
sgdma_core structure. After that, it Initializes the single and multi descriptor instances by passing arguments such as
structure handle, sgdma_base_addr, and the size of buffer to the sgdma_init() API. It calls the s2mm_buf_desc_dma() API
to configure single and multiple buffer descriptors to update the registers and trigger the DMA. It reads the SGDMA
received packet stored in the SGDMA structure buffer. When data is received, it gets the s2mm BD status transfer length
error, cmpl, subordinate error, and descriptor error information using the get_s2m_bd_status() API.

The terminal prints the following statement when the primary bootloader is loaded on the device:
B T Primary FW Image ----------
“FreeRTOS v10.0.1 on RISC-V"

The following sections provide details of the APIs.

e unsigned int s2mm_buf_desc_dma(sgdma_instance_t *this_sgdma)
This function configures single and multiple buffer descriptors to update the registers and trigger the DMA. Example
APl used in the GSRD primary application:

s2mm_buf_desc_dma(&sgdma_core)

Table 3.4. SGDMA Pointer

In/Out Parameter Description Returns

In this_sgdma Information of the base address of s2mm buffer, 0: success
buffer length, and num_of_desc specifies the single or | 1: failure
multiple buffer descriptor value.

e unsigned int get_s2mm_bd_status(int idx)
e This function returns the s2mm single and multi-buffer descriptor status fields using a specific index, which
specifies the number of the particular buffer descriptor.
e Example APl used in the GSRD primary application, where 0 is the index of the s2mm buffer descriptor:

get_s2mm_bd_status(0)
Table 3.5. Buffer Descriptor Index

In/Out Parameter Description Returns

In idx Index that specifies the particular s2mm buffer Descriptor status field
descriptor number in multiple buffer descriptor.

e void sgdma_init(sgdma_instance_t *this_sgdma, unsigned int base_addr, unsigned int num_of_desc)
e This function initializes the single and multi descriptor instances.
e Example APl used in the GSRD primary application:

sgdma_init(&sgdma_core, SGDMA_BASE_ADDR, BUF_SIZE)

Table 3.6. Initialize Descriptor

In/Out Parameter Description Returns

In this_sgdma . Initializes with the IP base address and number None
of descriptor values

e  Holds the mm2s and s2mm BD addresses.

In base_addr Specifies the SGDMA IP base address.

In num_of_desc Specifies the single or multi-buffer descriptor value.
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3.2.1. Primary Application Flow

Figure 3.4 shows the flow to initialize the BSP, how to get the Ethernet packet and initialize the single and multiple
descriptor instances, and read the SGDMA received packet.

Initialize the BSP, OS, and TSE IP

A 4

Wait for the Ethernet packet and store
the packet to the sgdma_core structure

|

Initialize the single and multi descriptor instances by
passing arguments (structure handle, sgdma_base_addr,
and the size of the buffer) to the sgdma_init() API

v
Call the s2mm_buf_desc_dma API To configure single
and multiple buffer descriptors to update the register
values and trigger the DMA

)

Read the SGDMA received packet stored in the SGDMA
structure buffer

)

When data is received, get the s2mm BD status
transffered, len err, cmpl, slave_err, and descriptor error
information with the get_s2m_bd_status() API

End

Figure 3.4. Primary Application Flow Diagram

3.3. Golden Bootloader

The Golden Bootloader is the same as the Primary bootloader. Different print statements on the serial terminal indicate
which bootloader is loaded. If the Primary Bootloader and Primary Application fail to boot, the device reboots itself and
boots up with the Golden Bootloader.

The following statement is shown on the serial terminal:

For more details, refer to the GSRD bootflow diagram in the GSRD Demo User Guide (FPGA-UG-02205).

3.4. Golden Application

The Golden Application is the same as the Primary Application. Different print statements on the serial terminal indicate
which application is loaded.

The following statement is shown on the serial terminal:

B e T Golden FW Image ---------- "

“FreeRTOS v10.0.1 on RISC-V."

For more details, refer to the GSRD bootflow diagram in the GSRD Demo User Guide (FPGA-UG-02205).
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4. Resource Utilization
Figure 4.1 shows the GSRD resource utilization and Table 4.1 shows the total LUT4, PFU register, I/0 buffer, and EBR

resource utilization.

LUT4 LUT4 LUT4
Logic Distributed RAM Ripple Logic
¥ soc_golden_system 37329(1) 7842(0) 6466(0)
» apb_interconnect0_inst 80(0) 0(0) 0(0)
» axi2apb_inst 236(0) 0(0) 52(0)
» axi_interconnect(_inst 8292(0) 4428(0) 968(0)
» axi_interconnectl_inst 2511(0) 1806(0) 210(0)
» axi_reg_slice_inst 156(1) 0(0) 0(0)
» cpul_inst 4590(1) 43(0) 1222(0)
» fpga_config0_inst 45(0) 0(0) 0(0)
» Ipddrd_contr_inst 10752(0) 960(0) 1466(0)
» mpmc0_inst 2802(1) 588(0) 442(0)
» pli0_inst 1(0) 0(0) 0(0)
> gspi0_inst 2462(0) 0(0) 250(0)
» rst_sync0_inst 44(0) 0(0) 34(0)
» s0_apb_gpio_inst 105(0) 0(0) 0(0)
» s1_apb_uart_inst 216(0) 0(0) 46(0)
» sfp_config0_inst 322(0) 12(0) 136(0)
» sgdmal_inst 1441(0) 0(0) 588(0)
> sgmii_inst 1072(0) 0(0) 280(0)
» system(_inst 618(0) 0(0) 102(0)
» tse_macO_inst 1583(0) 0(0) 630(0)

Table 4.1. GSRD Total Resource Utilization

PFU Registers
34653(4)
6(0)
196(0)
7095(0)
2318(0)
292(0)
3467(0)
55(0)
8893(0)
4459(0)
0(0)
2358(0)
36(0)
89(0)
146(0)
368(0)
1978(0)
884(0)
375(0)
1634(0)

10 Registers 10 Buffers
12(0) 82(19)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
1(0) 49(0)
0(0) 0(0)
0(0) 0(0)
0(0) 4(0)
0(0) 0(0)
8(0) 8(0)
100) 0(0)
2(0) 2(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)

Figure 4.1. GSRD Resource Utilization

DSP MULT EBR

6(0) 94(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
6(0) 18(0)
0(0) 0(0)
0(0) 33(0)
0(0) 34(0)
0(0) 0{0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 0(0)
0(0) 4(0)
0(0) 1(0)
0(0) 0(0)
0(0) 4(0)

Large RAM

4(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
4(0)
0(0)

o |

Resource Usage
LUT4 51637
PFU Register 34653
1/0 Buffers 82
EBR 94
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Appendix A. GSRD Bitstream and Binary Generation

This section describes the steps for generating the bitstream and binary for the GSRD reference design.

A.1. Primary GSRD

A.1.1. Generating the Binary
1. Open the Lattice Propel 2023.2 application.

2. To select the workspace, browse to the template location or where your project is located by clicking on the Browse
button as shown in Figure A.1 and click on Launch to launch the workspace.

S Lattice Propel Launcher x

Select a directory as workspace

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

Workspace: |E:\GSRD\Primary_GSRD v| | Browse...

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

» Recent Workspaces

Launch Cancel

Figure A.1. Select Directory

3. Click Import Projects or go to Import from File to import the firmware project template.

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

Create a new Lattice S5eC Design
Project
$ Create a new Lattice C/C++ Project
i='<j Create a project...
(21 Import projects...

Figure A.2. Import Project

4. Select Existing Projects into Workspace from the General list and click Next as shown in Figure A.3.
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G Import

Select

Create new projects from an archive file or directory.

Select an import wizard:

‘ type filter text

w = General
[ Archive File
=% Existing Projects into Workspace
(=} File System
[T} Preferences
(=} Projects from Folder or Archive
> = GG+
> = Git
» [ Install

@ <Back Finish

Cancel

Figure A.3. Existing Project into Workspace

5. Select the root directory and browse to the template location from the Propel Builder tool in your patch installation

directory.

ect Folder

+ > This PC » Windows (C) » Iscc > propel » 20232 > templates > GSRD » Primary_GSRD

nize * New folder
s MName
Primary_App

Primary_Bootloader_CProj

soc_golden_system

Date modified Type

1/30/2024 1:41 PM File folder

e folder

File folder

v D Search Primary_GSRD

Folder: | Primary_GSRD

Figure A.4. Primary GSRD Folder

Select the project \Primary_GSRD as shown in Figure A.5.

Click Finish.

Select Folder Cancel
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% Import O X
Import Projects ——
:_,-' /
(1, Some projects cannot be imported because they already exist in the
waorkspace |
(®) Select root directory: | EAGSRD\Primary_G5RD ~ | Browse...
() Select archive file: Browse...
Projects:
O Select All
|
0O Deselect All
Refresh
£
Options
[[]Search for nested projects
[ Copy projects into workspace
[] Close newly imported projects upon completion
[JHide projects that already exist in the workspace
Working sets
[ Add project to working sets MNew...
Warking sets: Select...
@ < Back Next > Finish Cancel

Figure A.5. Import Project

A.1.1.1. Primary_Bootloader_Cproj

1.

clean the project before building.

Right-click on the firmware project folder Primary_Bootloader_Cproj and select the option as shown in Figure A.6 to
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 Project Explorer X 7 § = O | Runker [ syscallh |
> 1% Primary_App l 1 #include <stdio.h>
> 1% Primary_Bootloadar CPemi 2 s s
New > 3 #include "hal.
> 9 socgolden_sys) o 4 #include "uart.h"
Go Into 5
3 : 6 #include “config.h'
Open in New Window 7 #include "FreeRTOS
Show In Alt+Shifts« W > 8 #include "task.h"
9 #include "sys_plati
2 Copy Ctrl+C 10 #include "ethernet
: 11 #include "sgdma.h”
Baste aeV | 35
¥ Delete Delete 13
Remove from Context Ctrl+ Alt+Shift+ Down 14 extern void os_inif

15 extern void task_d¢
Source > 15 extern void task_r¢
17 extern void task_si

S 18 extern BaseType_t 1
Rename... F2 19 extern uint32_t se(
28 extern uint32_t ses
iz lmport.. 21
s Export... 22
- £ 23 TaskHandle_t h_led
Build Project 24 TaskHandle_t h_uar{
25
Clean Project 26 #define LED_BASE (!
= Refresh F5 27 // #define LED_BASI
. 23 #define LED_COUNT i
Cloge Project 29 -
Close Unrelated Projects 39
NTWLE
Build Configurations > Set Active >
Build Targets > Manage...
isin > BuildAl
Profiling Tools > CleanAll
O RunAs > Build Selected...

Figure A.6. Clean All Configurations

2. After selecting the option as shown in Figure A.6, wait for the process to complete. After completion, a message
appears in the console as shown in Figure A.7.

[#0 Problems | ] Tasks | & Console X [T Properties
CDT Build Console [Primary_Bootloader_CProj]

14:56:29 **** Clean-only build of configuration Release for project Primary Bootloader CProj *=**

make clean

|rm -rf Primary_Bootloader_CProj.mem ./src/bsp/driver/uart/uart.o ./src/bsp/driver/tse_mac/ethernet.o ./src/bsp/driver/sgdma/sgdma.c ./src/bsp/driver/riscv_rtos/clint.o
./src/bsp/driver/riscv_rtos/debug.o ./src/bsp/driver/riscv_rtos/entry.o ./src/bsp/driver/riscv_rtos/exception.o ./src/bsp/driver/riscv_rtos/exit.o ./src/bsp/driver/riscv_rtos/interrupt.o
./src/bsp/driver/riscv_rtos/iob.o ./src/bsp/driver/riscv_rtos/led.o ./src/bsp/driver/riscv_rtos/local_uart.o ./src/bsp/driver/riscv_rtos/plic.o ./src/bsp/driver/riscv_rtos/pmp.o
./src/bsp/driver/riscv_rtos/reg_access.o ./src/bsp/driver/riscv_rtos/start.o ./src/bsp/driver/riscv_rtos/trap.o ./src/bsp/driver/riscv_rtos/util.o ./src/bsp/driver/riscv_rtos/watchdog_timer.o
./src/bsp/driver/qspi_flash_controller/qspi_flash_cntl.o ./src/bsp/driver/gpio/gpic.o ./src/FreeRTOS/portable/MemMang/heap_2.0 ./src/FreeRT0S/portable/port.o ./src/FreeRTOS/portable/port_asm.o
./src/FreeRT0S/croutine.o ./src/FreeRT0S/event_groups.o ./src/FreeRT0S/list.o ./src/FreeRTOS/queue.o ./src/FreeRTOS/stream_buffer.o ./src/FreeRTOS/tasks.o ./src/FreeRT0S/timers.o ./src/crcl6.o
./src/main.o ./src/os.o ./src/syscall.o Primary_Bootloader_CProj.lst Primary_Bootloader CProj.siz ./src/bsp/driver/riscv_rtos/entry.d ./src/bsp/driver/riscv_rtos/start.d
./src/FreeRTOS/portable/port_asm.d ./src/syscall.d ./src/bsp/driver/uart/uart.d ./src/bsp/driver/tse_mac/ethernet.d ./src/bsp/driver/sgdma/sgdma.d ./src/bsp/driver/riscv_rtos/clint.d
./src/bsp/driver/riscv_rtos/debug.d ./src/bsp/driver/riscv_rtos/exception.d ./src/bsp/driver/riscv_rtos/exit.d ./src/bsp/driver/riscv_rtos/interrupt.d ./src/bsp/driver/riscv_rtos/iob.d
./src/bsp/driver/riscv_rtos/led.d ./src/bsp/driver/riscv_rtos/local _uart.d ./src/bsp/driver/riscv_rtos/plic.d ./src/bsp/driver/riscv_rtos/pmp.d ./src/bsp/driver/riscv_rtos/reg_access.d
./src/bsp/driver/riscv_rtos/trap.d ./src/bsp/driver/riscv_rtos/util.d ./src/bsp/driver/riscv_rtos/watchdog_timer.d ./src/bsp/driver/qspi_flash_controller/qspi_flash_cntl.d
./src/bsp/driver/gpio/gpio.d ./src/FreeRTOS/portable/MemMang/heap_2.d ./src/FreeRTOS/portable/port.d ./src/FreeRTOS/croutine.d ./src/FreeRTOS/event_groups.d ./src/FreeRT0S/list.d
./src/FreeRTOS/queue.d ./src/FreeRTOS/stream_buffer.d ./src/FreeRTOS/tasks.d ./src/FreeRTOS/timers.d ./src/crcl6.d ./src/main.d ./src/os.d Primary_Bootloader CProj.elf

P Terminal x| & ‘f,“g‘ EH &8

14:56:31 Build Finished. @ errors, @ warnings. (took 1s.921lms)

Figure A.7. Console

3. After cleaning, right-click on Primary_Bootloader_Cproj and select the option as shown in Figure A.8 to build the
project.
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4. Wait for the process to complete to 100%. After completion, a message appears in the console as shown in Figure A.9.

| © console X

(s Project Explorer X

> 1% Primary_App

- Terminal] @) Ermrlo§ R N [P):

> 1% Primary_Boctloader_(Prai
» I soc_golden_system

G E

)

&

New

Go Into

Open in New Window

Show In

Copy

Paste

Delete

Remove from Context
Source

Moye...

Rename...

Import...
Export...

Build Project

Clean Project

Refresh

Cloge Project

Close Unrelated Projects

S o
Build Targets

Index

Profiling Tools

O Runks

T

|

Alt+Shift+ W >

Ctri+C
CtrisV
Delete
Ctri+Alt+Shift+Down

F2

F5

Figure A.8. Build All

Console|

g =0 ]»alinkef

1
2
>

E] syscallh [Ej n
#include <stdio.h>

#include "hal.h”
#include "uart.h"

#include “"config.h"
#include “"FreeRTOS.h"
#include “"task.h"
#include "sys_platform.
#include "ethernet.h"
#include "sgdma.h”

extern void os_init();
extern void task_delay(
extern void task_resume
extern void task_suspen
extern BaseType t task_
extern uint32_t secured
extern uint32_t secured

TaskHandle_t h_led_task
TaskHandle_t h_uart_tas

#define LED_BASE (S@_AF
// #define LED_BASE (GF
#define LED_COUNT 8

Set Active >
Manage...

Build All

Clean All

Build Selected...

X[ LG EnEEE ve-8-=0

|cot Bui[d‘ Console [Bootloader_CProj]

| Finished building: Bootloader_CProj.siz

| Invoking: Lattice Create Memory Deployment

| riscv-none-embed-objcopy -0 binary --gap-fill @ "Bootloader_CProj.elf” "Bootloader_CProj.bin"; srec_cat "Bootloader_CProj.bin" -Binary -byte-swap 4 -DISable Header -Output "Bootloader CProj.mem” -MEM

|32

| Finished building: Bootloader_CProj.mem

|12:05:03 Build Finished. @ errors, @ warnings. (took 18s.903ms)

5. Locate the binary file and .mem file in the following path: \Primary_GSRD\Primary_Bootloader_Cproj\Debug.

Figure A.9. Completing Process
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A.1.1.2. Primary_App

1. Right-click on the firmware project folder Primary_App and select the option as shown in Figure A.10 to clean the
project before building.

‘() Project Explorer X Y § = O | Rinker [[d sysca
> 1% Primary 1 #include <st
) G5 Primary New ’ o
> Go Into 3 #include "ha

12 soc_gol = 4 #include "ual
Open in New Window 3 -
; 6 #include "cot
Show In Alt+Shift+W > 7 #include "Ert
8 #include "ta
Copy Curl=C 9 #include "sy:
Paste Ctrl+V 10 #include "etl
. "
% Delete Delete ;j #include "sg
Remove from Context Ctrl= Alt+Shift+ Down 13
14 extern void 1«
>
e 15 extern void 1
Move,.. 16 extern void 1
Rename 2 17 extern void 1
18 extern BaseT)
S Import... 19 extern uint3.
“—.B ol 20 extern uint3
iy Export.. 21
22
Build Project 23 TaskHandle_t
Clean Project 24 TaskHandle_t
. 25
] Refresh F5 26 #define LED_|
Cloge Project 27 // #define LI
. 23 #defi ED_(
Close Unrelated Projects 29 e LED.
Build Configurations > Set Active >
Build Targets > Manage...
i £ Build All
Profiling Tools > Clean All
Q RunAs > Build Selected...

Figure A.10. Clean All Configurations

2. Wait for the process to complete to 100%. After completion, a message appears on the console as shown in Figure A.11.

(£ Problems | &) Tasks | B Console X (] Properties| & Terminal xR EEEREre-8-=1

CDT Build Console [Primary_App]
14:49:47 ***= Clean-only build of configuration Debug for project Primary_App ***=

make clean

rm -rf Primary_App Data.mem Primary App_Code.mem Primary App.mem ./src/bsp/driver/uart/uart.o ./src/bsp/driver/tse_mac/ethernet.o ./src/bsp/driver/sgdma/sgdma.o
./src/bsp/driver/riscv_rtos/clint.c ./src/bsp/driver/riscv_rtos/debug.o ./src/bsp/driver/riscv_rtos/entry.o ./src/bsp/driver/riscv_rtos/exception.o ./src/bsp/driver/riscv_rtos/exit.o
./src/bsp/driver/riscv_rtos/interrupt.o ./src/bsp/driver/riscv_rtos/iob.o ./src/bsp/driver/riscv_rtos/led.o ./src/bsp/driver/riscv_rtos/local _uart.o ./src/bsp/driver/riscv_rtos/plic.o
./src/bsp/driver/riscv_rtos/pmp.o ./src/bsp/driver/riscv_rtos/reg_access.o ./src/bsp/driver/riscv_rtos/start.o ./src/bsp/driver/riscv_rtos/trap.o ./src/bsp/driver/riscv_rtos/util.o
./src/bsp/driver/riscv_rtos/watchdog_timer.c ./src/bsp/driver/qspi_flash_controller/qspi_flash_cntl.o ./src/bsp/driver/gpio/gpic.o ./src/FreeRTOS/portable/MemMang/heap_2.0
./src/FreeRTOS/portable/port.o ./src/FreeRTOS/portable/port_asm.o ./src/FreeRTOS/croutine.o ./src/FreeRTOS/event_groups.o ./src/FreeRTOS/list.o ./src/FreeRTOS/queue.o ./src/FreeRTOS/stream_buffer.o
./src/FreeRTOS/tasks.o ./src/FreeRTOS/timers.o ./src/main.o ./src/os.o ./src/syscall.c Primary App.lst Primary App.siz ./src/bsp/driver/riscv_rtos/entry.d ./src/bsp/driver/riscv_rtos/start.d
./src/FreeRTOS/portable/port_asm.d ./src/syscall.d ./src/bsp/driver/uart/uart.d ./src/bsp/driver/tse_mac/ethernet.d ./src/bsp/driver/sgdma/sgdma.d ./src/bsp/driver/riscv_rtos/clint.d
./src/bsp/driver/riscv_rtos/debug.d ./src/bsp/driver/riscv_rtos/exception.d ./src/bsp/driver/riscv_rtos/exit.d ./src/bsp/driver/riscv_rtos/interrupt.d ./src/bsp/driver/riscv_rtos/iob.d
./src/bsp/driver/riscv_rtos/led.d ./src/bsp/driver/riscv_rtos/local_uart.d ./src/bsp/driver/riscv_rtos/plic.d ./src/bsp/driver/riscv_rtos/pmp.d ./src/bsp/driver/riscv_rtos/reg_access.d
./src/bsp/driver/riscv_rtos/trap.d ./src/bsp/driver/riscv_rtos/util.d ./src/bsp/driver/riscv_rtos/watchdog_timer.d ./src/bsp/driver/qspi_flash_controller/qspi_flash_cntl.d
./src/bsp/driver/gpio/gpio.d ./src/FreeRTOS/portable/MemMang/heap_2.d ./src/FreeRTOS/portable/port.d ./src/FreeRTOS/croutine.d ./src/FreeRTOS/event_groups.d ./src/FreeRTOS/list.d
./src/FreeRTOS/queue.d ./src/FreeRTOS/stream_buffer.d ./src/FreeRTOS/tasks.d ./src/FreeRTOS/timers.d ./src/main.d ./src/os.d Primary_App.elf

14:49:49 Build Finished. @ errors, © warnings. (took 1s.596ms)

Figure A.11. Console

3. After cleaning, right click on Primary_App and select the option as shown in Figure A.12 to build the project.
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i) Project Explorer, X 5%V & T 0| Rtinker |4 syscal
» I Primary 1 #include <stc
> 5B Pimao = > S include “hal
> Go Into 3 #include "ha

I soc_gol = 4 #include "uar
Open in New Window 5 o
: 6 #include "cor
Show In Alt+Shift+W > 7 intacials "Fie
\ 8 #include "tas
) Copy Cri+C 9 #include "sys
Paste Ctrl+V 190 #include "eth
11 bic
% Delete Delete s #include "sgc
Remove from Context Ctrl+Alt+Shift+- Down 13
14 extern void ¢
> ) 4
Sotce 15 extern void t
Move.., 16 extern void t
Rename... B 1;7 extern void 1
18 extern BaseTy
g 19 extern uint3i
w  Import..
L‘f‘ Imp 20 extern uint3i
i Export... 21
22
Build Project 23 TaskHandle_t
Clean Project 24 TaskHandle_t
‘ 25
2] Refresh 5 26 #define LED_E
Cloge Project 27 // #define LE
~ 23 #define LED (
Close Unrelated Projects 29
~ Build Configurations 5 SetActive >
Build Targets > Manage...
Index > Bﬂd”
Profiling Tools > Clean All
© RunAs > Build Selected...

Figure A.12. Build All

4. Wait for the process to complete to 100%. After completion, a message appears in the console as shown below.

(2] Problems ] Tasks | B Console X [ Properties| 4 Terminal Xci R EaEaEre-0-=

;;;;;; L L - T e e T Lot e S PP e

Finished building: Primary_Bootloader_CProj.lst

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "Primary_Bootloader_CProj.elf”
text  data bss dec hex filename
8364 20 3636 12020  2ef4 Primary_Bootloader CProj.elf
Finished building: Primary_Bootloader_CProj.siz

Invoking: Lattice Create Memory Deployment

riscv-none-embed-objcopy -O binary --gap-fill @ "Primary_Bootloader_CProj.elf” “Primary_Bootloader_(Proj.bin"; srec_cat “Primary_Bootlcader_(Proj.bin" -Binary -byte-swap 4 -DISable Header -Output
"Primary_Bootloader_CProj.mem” -MEM 32

Finished building: Primary_Bootloader_CProj.mem

14:59:16 Build Finished. @ errors, 2 warnings. (toock 24s.47ms)

Figure A.13. Completing Process

5. Locate the binary crc file in the following path: \Primary_GSRD\Primary_App\Debug.
Notes:

e  Primary_Bootloder_Proj is used for mem file initialization in Propel Builder.

e Primary_AppCrc is used for binary file.
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A.1.2. Generating the Bit File
1. Open the Propel Builder 2023.2 tool.

2. Open the soc_golden_system project sbx file from:
\Primary_GSRD\soc_golden_system\soc_golden_system\soc_golden_system.sbx.
Note: Ensure there is no space in the folder name.

Find system0Q_inst.
Double-click on systemQ_inst.

A pop-up appears on the screen as shown in Figure A.14.

o v e~ W

Initialize data memory with the generated Primary_Bootloader_Cproj.mem file in
\Primary_GSRD\Primary_Bootloader_Cproj\Debug.

“. Module/IP Block Wizard X

Configure Component from Module system_memory Version 2.0.0
Set the following parameters to configure this component.

Diagram system0 Configure IP
- General Port SO Settings Port 51 Settings
Property Value
~ Geneeal
Interface AXi4
systemo Memory Address Depth [1 - 114688] 65536
Data Bus Width(bits) 32
Memory Type LRAM
Port Count 1
—[HAx1_so
—laxi aclk i AXI4 D Width 4
= T ~ Data Streamer
. . Enable Data Streamer
—laxi_resetn_i

system_memory | Hisission

Initialize Memory v |
Initialization File Format hex
Initialization File oj/DebugPrimary_Bootioader_CProj.mem| |
v
4 *»__J No DRC issues are found.

Generate Cancel

Figure A.14. System Initialization File

Click Generate. After that, click Finish.
Click the Validate button as shown in Figure A.15.

File Edit View Design Toocls Window Help

3 ';.__-L ) £ 2} m ﬁ T h“

Desigp View Validate Design j

Figure A.15. Validate Button

9. Click the Generate SGE button as shown in Figure A.16.
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File Edit Wiew Design Tools Window Help

cEH OHC e g I 1IN

Design View O Generate ic

Figure A.16. Generate SGE Button
10. Open the the Radiant tool from the Propel Builder interface as shown in Figure A.17.

File Edit View Design Tools Window Help

sEHA OC mEE xO 0 RS

Design View O ; :
2_ e —— Schematic Addre Run Radiant |

Figure A.17. Radiant Tool Button

11. Click Run All to generate a bit file. Wait for the bit file generation and check the output logs.

File Edit View Project Tools Window Help

E-A 9C QeeaQ BF AL 00
E Synthesize Design | Map Design | Place & Route Design | Export Files |
Qe RunAll | M x % Start Page | Reports

Figure A.18. Run All Button

12. Locate the bit stream file in the following path: \Primary_GSRD\soc_golden_system\impl_1.
Note: To programme the flash of GSRD, refer to Appendix A of the GSRD Demo User Guide (FPGA-UG-2205) .

A.2. Golden GSRD

A.2.1. Generating the Binary File
1. Open the Propel 2023.2 application.

2. To select the workspace, browse to the template location or where your project is located. Select \Golden_GSRD by
clicking on the Browse button as shown in Figure A.19.

3. Click on the Launch button to launch the workspace.

3 Lattice Propel Launcher b4

Select a directory as workspace

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

Workspace: | E\GSRDYGolden_GSRD V| | Browse...

[[] Use this as the default and do not ask again
» Recent Workspaces

Launch Cancel

Figure A.19. Select Directory
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4. Click Import projects or go to File > Import to import the firmware project template.

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

Create a new Lattice SoC Design
Project
ﬁ Create a new Lattice C/C++ Project
C% Createa project...
Eu lmport projects...

Figure A.20. Import Project

5. Select Existing Project in Workspace from the General dropdown list and click on Next as shown in Figure A.21.

O X

$ Import

Select

Create new projects from an archive file or directory. @

Select an import wizard:

| type filter text

~ [= General
‘@ Archive File
- Existing Projects into Workspace
[} File System
[T Preferences
[ Projects from Folder or Archive
= CfC++
= Git

= Install o

® < Back Finish Cancel

Figure A.21. Select Import Wizard

6. Select the root directory and browse to the template location from the Propel Builder tool in your patch installation

directory.
7. Select the \Golden_GSRD project as shown below.
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dlect Folder
T

anize * New folder

~
Name

Golden_App
Golden_Bootloader_CProj

soc_golden_system

Date modified Type

1/30/2024 1:41 PM File folder
1/30/2024 1:41 PM File folder
1/30/2024 1:41 PM File folder

» This PC » Windows (C:) » Iscc » propel » 20232 » templates » GSRD » Golden_GSRD

~ O

Search Golden_GSRD el

Folder: | Golden_GSRD

8. Click Finish.

Figure A.22. Golden GSRD Folder

Q Import O b4
Import Projects -
/1y Some projects cannot be imported because they already exist in the

workspace -
(®) Select root directory: | EAGSRD\Golden_GSRD v | | Browse... |
() Select archive file: Browse...

Projects:

O
O
O

<

Select All
Deselect All

Options

[[] Search for nested projects

[J Copy projects inte workspace

[] Close newly imported projects upon completion
[[]Hide projects that already exist in the workspace

Working sets
[[] Add project to working sets

Yiforking sets:

Select...

Mext =

Finish

Figure A.23. Import Project

Cancel
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A.2.1.1 Golden_Bootloader_Cproj

1. Right-click on the firmware project folder: Golden_Bootloader_Cproj and select the Clean All option as shown in
Figure A.23 to clean the project before building.

%5 Debug | i Project Explorer 2% %7 & = 8 |[[H manc main.c
=5 Golden_App 49
]._'5 Golden_Bootnadar ©Deni 382
L.% soc_golden_ New ?
Go Into define Tx_MAC_II
. i define PAUSE_FR
Open in New Window define CRC_ERROI
Show In Alt+Shift+W » Edefine FRAME_ERI
. . define LONG_FRAI
Show in Local Terminal > bdefine SHORT ER
define IPG_SHRII
= Copy Cr+C bdefine MULTICAS
Paste Ctrl+V define BROADCAS
define TAGGED_FI
¥ Delete Delete L iefine Rx_MAC_TI
Remove from Context Ctrl+ Alt+ Shift+ Down
Source > .
define FLASH_ADDR_24BIT
Maove... define FLASH_ADDR_32BIT
Rename... F2 A
define FLASH_ADDR_MODE
= Import.
if(FLASH_ADDR_MODE == FI
ey Export. define GOLDEN_COPY_MEMOI
i . define PRIMARY_COPY_MEM
Build Project define FLASH ADDR_WIDTH
Clean Project elif(FLASH ADDR_MODE ==
efine GOLDEN COPY MEMOI
Eeti=h = efine PRIMARY_COPY_MEM
Close Project efine FLASH ADDR_WIDTH
. dif
Close Unrelated Projects encd
Build Configurations » Set Active »
Build Targets » Manage...
Index ’ Build Al
Profiling Tools b Clean All
{0 PRunAs b Build Selected...

Figure A.24. Clean All Configurations

2. View the console and wait for the process to complete. After completion, a message is printed in the console as shown

in Figure A.25.

B console x
CDT Build Console [Golden_Bootloader_CProj]

7STC/FFEER 1US/ 115T.D ./STC/FFeeR1 Us/ qUele. &
Golden_Bootloader CProj.siz
./src/bsp/driver/tse_mac/ethernet.d

L/ STCIFTEERIUS/ STrEAN_BUTTEr .0 7 SFC/ FrEeKIUS/ Tasks -0 -/ SFC/FreeR1US/ TIners o
./src/bsp/driver/riscy_rtos/entry.d ./src/bsp/driver/riscv_rtos/start.d
-/src/bsp/driver/sgdma/sgdma.d

8 Terminal | [£] Problems| {3 Executables| G Debugger Consale

. fsrc/FreeRTOS/portable/port_asm.d

X | & & G| BB EE

./src/syscall.d . /src/bsp/driver/uart/uart.d

_/src/bsp/driver/riscy_rtos/clint.d ./src/bsp/driver/riscy_rtos/debug.d ./src/bsp/driver/riscv_rtos/exception.d

./src/bsp/driver/riscv_rtos/exit.d ./src/bsp/driver/riscy_rtos/interrupt.d ./src/bsp/driver/riscy_rtos/ich.d ./src/bsp/driver/riscv_rtos/led.d ./src/bsp/driver/riscy_rtos/local_uart.d

./src/bsp/driver/riscv_rtos/plic.d ./src/bsp/driver/riscv_rtos/pmp.d ./src/bsp/driver/riscv_rtos/reg_asccess.d ./src/bsp/driver/riscv_rtos/trap.d ./src/bsp/driver/riscv_rtos/util.d

./sre/bsp/driver/riscv_rtos/watchdog_timer.d

./src/es.d Golden_Bootloader CProj.elf

./src/bsp/driver/qspi_flash_controller/qspi_flash_cntl.d ./src/bsp/driver/gpio/gpio.d

17:15:00 Build Finished. @ errors, @ warnings. (tock 434ms)

3. After cleaning, right click on Golden_Bootloader_Cproj and select the Build All option as shown in Figure A.26 to build

the project.

Figure A.25. Clean Complete

./src/FreeRTOS/portable/Memtang/heap_2.d
.fsrc/FreeRTOS/croutine.d ./src/FreeRTOS/event_groups.d ./src/FreeRT0S/List.d ./src/FreeRTOS/queue.d ./src/FreeRTOS/stream buffer.d ./src/FreeRTOS/tasks.d ./src/FreeRTOS/timers.d

. /src/FreeRTOS /portable/port.d
./src/ercl6.d ./src/main.d
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%5 Debug | i) Project Explorer E%S Y § = O || [£] main.c (@ main.c X
1% Golden_App H 9
ﬁ Golden_Bootloader_P-~* EL -
status register
Tng soc_golden_system New L atus registe
Go Into Tx_MAC_IDLE
. - PAUSE_FRAME
Open in New Window CRC_ERROR
Show In Alt+5Shift+W » FRAME_ERROR
. . LONG_FRAME
Show in Local Terminal > SHORT FRAME
= IPG_SHRINK
= Cony CrrC MULTICAST_FRAME
Paste Ctrl+V BROADCAST_FRAME
Delete Delete TAGGED_FRAME
Rx_MAC_IDLE
Remowve from Context Ctrl+Alt+5hift+ Down
Seurce >
FLASH_ADDR_24BIT :
Move... FLASH_ADDR_32BIT :
Rename... F2
FLASH_ADDR_MODE P
i+ Import.
P \SH_ADDR_MODE == FLASH_AL
i Export.. GOLDEN_COPY_MEMORY_STAF
BUild Pro PRIMARY_COPY_MEMORY_ST/
(T s FLASH_ADDR_WIDTH @x3
Clean Project LASH _ADDR_MODE == FLASH_
S g5 | GOLDEN_COPY_MEMORY_STA!
Tl Reres PRIMARY_COPY_MEMORY_ST/
Close Project FLASH_ADDR_WIDTH @x2
Close Unrelated Projects
Build Configurations > Set Active >
Build Targets > Manage...
Index ’ Build All
Profiling Teals > Clean All
 PRunis > Build Selected...

Figure A.26. Build All

4. Wait for the process to complete. After completion, a message is printed in the console as shown in Figure A.27.

Finished building: Golden_Bootloader_CProj.siz

Invoking: Lattice Create Memory Deployment

riscv-none-embed-objcopy -0 binary --gap-fill @ "Golden Bootloader CProj.elf” "Golden Bootloader CProj.bin"; srec_cat "Golden Bootloader CProj.bin" -Binary -byte-swap 4 -DISable Header -Output
"Golden_Bootloader_CProj.mem" -MEM 32

Finished building: Golden_Bootloader_CProj.mem

17:16:18 Build Finished. @ errors, @ warnings. (took 6s.336ms)

B Console X & Terminal | 2. Problems| () Executables| G Debugger Console| X oG 0 &Ere-or=08
CDT Build Console [Golden | CProj]
Text oata  Bss o GEC . mex Tirename =
8396 28 3684 12628 2ef4 Golden_Bootloader (Proj.elf

Figure A.27. Build Complete

5. To locate the binary file and .mem file, go to the following path: \Golden_GSRD\Primary_Bootloader_Cproj\Debug:
Primary_Bootloader_Cproj.mem.
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A.2.1.2. Golden_App

1. Right-click on the firmware project folder Golden_App and select the Clean All option as shown in Figure A.28 to clean
the project before building.

%5 Debug | Project Explorer 3¢

=% Golden Apo

=% Golder
1_|.§ S0C_Q

x

Mew

Go Into

Open in New Window
Show In

Show in Local Terminal

Copy
Paste

Delete

Remove from Context
Source

Move...

Rename...

Import...
Export...

Build Project

Clean Project

Refresh

Close Project

Close Unrelated Projects

Build Configurations
Build Targets

Index

Profiling Tools
Run As

Alt+Shift+W » |55

Ctrl+C

»

Ctrl+V 68

Delete

61
62

Ctrl+Alt+Shift+Down 63

64
65
66

|7

F5

63
69
78

72
73
74
75
76
77
78
79

Figure A.28. Clean All Configurations

Tw_ b
PALE
CRC_
FRAM
LONC
SHOF
IPG_
MULT
BRO/
TAGC
Rx_P

#define FLASH ADDR :
#define FLASH ADDR I

#define FLASH ADDR P

#if(FLASH_ADDR_MODE
#define GOLDEN_COPY_
#define PRIMARY_COPY
#define FLASH_ADDR_V
#elif (FLASH_ADDR_MOL
#define GOLDEN_COPY_
#tdefine PRIMARY_COPY
#define FLASH ADDR \
#tendif

Set Active >
Manage...

Build All
Clean All
Build Selected...

2. Wait for the process to complete. After completion, a message is printed in the console as shown in Figure A.29.

2 Console %
CDT Build Console [Golden_App]

7SFC/TTEER U/ CrOUTING. G . /STC/FFEER 1US/ EVENT_groUps-6 /STC/FFEER US/ [IST.0 ./ SFC/FreERTUS/ qUEUE.G - /STC/FFEE US/ STFEan_DUTTEr. 0 ./ SFC/FFEeRTUS/ TaSKS .0 ./ STC/TTEeRUS/ TINErs. 0
_/sre/bsp/driver/riscy_rtos/entry.d /src/bsp/driver/risey_rtos/start.d
./src/bsp/driver/sgdma/sgdma.d

.Isrc/syscall.o Golden App.lst Golden App.siz
./src/bsp/driver/tse_mac/ethernet.d

49 Terminal | [2 Problems| (3 Executables| G} Debugger Console

./src/FreeRTOS/portable/port_asm.d
./src/bsp/driver/riscy_rtos/clint.d ./src/bsp/driver/riscv_rtos/debug.d ./src/bspfdriver/riscy_rtos/exception.d
./sre/bsp/driver/riscy_rtos/exit.d ./src/bsp/driver/riscy_rtos/interrupt.d ./sre/bsp/driver/riscy_rtos/iob.d ./src/bsp/driver/riscv_rtos/led.d ./src/bsp/driver/riscv_rtos/local uart.d

x| O 5|5 LR

_/sre/syscall.d

./sre/bsp/driver/riscv_rtos/plic.d ./src/bsp/driver/riscv_rtos/pmp.d ./src/bsp/driver/riscy_rtos/reg_access.d ./src/bsp/driver/riscv_rtos/trap.d ./src/bsp/driver/riscv_rtos/util.d

./sre/bsp/driver/riscv_rtos/watchdog_timer.d

Golden_App.elf

17:10:22 Build Finished. © errors, @ warnings. (took 376ms)

./sre/bsp/driver/qspi_flash_controller/qspi_flash_cntl.d
./src/FreeRTOS/croutine.d ./src/FreeRTOS/event _groups.d ./src/FreeRT0S/list.d ./src/FreeRTOS/queve.d ./src/FreeRT0S/stream buffer.d ./src/FreeRTOS/tasks.d ./src/FreeRTOS/timers.d

./sre/bsp/driver/gpio/gpio.d

_/src/FreeRTOS /portable/Memtang fheap_2.d

&K@l a--=8

7STC/maIn.G </5FC05.0
_/src/bsp/driver/uartfuart.d

./src/FreeRT0S/portable/port.d
./src/main.d ./srcfos.d

~

3. After cleaning, right-click on Golden_App and select the Build All option as shown in Figure A.30 to build the project.

Figure A.29. Clean Complete
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%5 Debug | Project Explorer
=% Golden_g-=

== Golden_E
],_v% soc_gold

=

%

v &

main.c

Ifm main.c x

New

Go Into

Open in New Window
Show In

Show in Local Terminal

Copy
Paste

Delete

Remove from Context
Source

Move...

Rename...

Import...

G E

Export...

Build Project
Clean Project
Refresh

L'-.

Close Project
Close Unrelated Projects

Build Configurations
Build Targets

Index

Profiling Tools
@ FRunAs

Alt+Shift+W

Ctrl+ C
Ctrl+V
Delete
Ctrl+Alt+Shift+Down

F2

F5

Figure A.30. Build All

= o=
|

»

]

»

AQ

=T

* f@brief status regis

* 7

#define Tw_MAC
#define PAUSE_
#define CRC_ER
#define FRAME_
#define LONG_F
#define SHORT_
#define IPG_SH
#define MULTIC
#define BROADC
#define TAGGED
#define Rx_MAC

#define FLASH_ADDR_248
#define FLASH_ADDR_328

#define FLASH_ADDR_MOD

#if(FLASH_ADDR_MODE ==
#define GOLDEN_COPY_ME
#define PRIMARY_COPY M
#define FLASH_ADDR_WID
#elif (FLASH_ADDR_MODE
#define GOLDEN_COPY_ME
#define PRIMARY_COPY M
#define FLASH_ADDR_WID
#endif

Set Active »
Manage...

Build All

Clean All
Build Selected...

4. Wait for the process to complete. After completion, a message is printed in the console as shown in Figure A.31.

) Console X @Termmaﬂ[ Pmblemﬂﬁ ExecutableqEDEhuggErCunso\q X oo EETRE r2--=0
CDT Build Console [Golden_App]
Fascv-nor JC0pY -U BINEFY —-gap-TLLL ¥ -] .TEXT -] .CTOTS -] .GTOFS GOLAEN_APP.ET TWP; SFEC_CET TMp ~BINAry -DYTE-SWap & -UISaDLE MEAQEr -UUTPUT GOLOSN_APP_LOGE.MEM —FEM 3Z .

srec_cat.exe @..\crc_add.txt

Finished building: Golden_App_Code.mem

Invoking: Lattice Multi Memory Deployment (DATA SEGMENT)
riscv-none-embed-objcopy -0 binary --gap-fill ® -j .rodata -j .data - .bss "Golden App.elf” tmp; srec_cat tmp -Binary -byte-swap 4 -DISable Header -Output "Golden App Data.mem” -MEM 32
Finished building: Golden App Data.mem

17:12:28 Build Finished. @ errors, @ warnings. (took 6s.132ms)

Figure A.31. Build Complete

5. To locate the binary crc file, go to: \Golden_GSRD\Golden_App\Debug: Golden_AppCrc.bin.

Notes:

e Golden_Bootloder_Proj is use for mem file initialization in the Propel Builder application.
e Golden_AppCrc is used for binary file.
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A.2.2. Generating the Bitstream
1. Open the Propel Builder 2023.2 tool.

2. Open the soc_golden_system project sbx file from
\Golden_GSRD\soc_golden_system\soc_golden_system\soc_golden_system.sbx to open the design. Ensure that there is
no space in the folder name.

3. Locate and double-click on systemQ_inst.
A pop-up window appears on the screen as shown in Figure A.32.

5. Initialize data memory with the generated Golden_Bootloader_Cproj.mem file in \Golden_GSRD
\Golden_Bootloader_Cproj\Debug.

6. Click the Generate button and click Finish after generation.

% Module/IP Block Wizard *

Confi G it from Jule system_memory ion 2.1.0
Set the following parameters to configure this component.

Diagram system( Configure IP
General Port 50 Settings Part 51 Settings
Property Value
- General
Interface AXl4
System 0 Memory Address Depth [1 - 114688] 65336
Data Bus Width(bits) 32
( \ Memory Type LRAM
Port Count 1
— Jil"\X:[_S() ECC Enable
— axi_adk_i AX14 1D Width 4

~ Data Streamer

Enable Data Streamer

—l{axi_resetn_i
—
system_memory | Fssis
Initialize Memory [¥]
Initialization File Format hex
Initialization File ../../Golden_Bootloader_CProj/Debug/Gol... |
1 ¥ | Mo DRCissues are found.

Generate Cancel

Figure A.32. System Initialization File
7. Click the Validate button.

File Edit VWiew Design Tools Window Help

L+ ] . B iﬂ@ 7ok

Design View Validate Design §

Figure A.33. Validate Button

8. Click the Generate SGE button.
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File Edit Wiew Design Tools Window Help

sER DC T A maEx

Desig.rj View 0| Generate ic

Figure A.34. Generate SGE Button
9. Open the Radiant tool from the Propel Builder interface.

File Edit View Design Tools Window Help

_— = A . > oy 5
o L <>"' m @ |:.11 . s E L

Design View m Schematic Addre Run Radiant
N — tun Raciant }

Figure A.35. Radiant Tool Button
10. Click Run All to generate a bit file. Wait for the bit file generation and check the output logs.

File Edit View Project Tools Window Help
s~ B OHC Q@ Q@ Q fY ee
Eu Synthesize Design u Map Design u Place &Route Design u Export Files H

Figure A.36. Run All Button

11. Locate the bit stream file in the following path: \Golden_GSRD\soc_golden_system\soc_golden_system\impl_1.
Note: To program the flash of GSRD, refer to Appendix A of the GSRD Demo User Guide (FPGA-UG-2205).
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Appendix B. Creating the MCS File

The following steps describes the procedure for generating a Multi-Boot PROM hex file using the Radiant Deployment tool.
1. Inthe Lattice Radiant Programmer, go to Tools > Deployment Tool.

£ Radiant Programmer - Untitled.xcf *
File Edit View Run Tools Help

ﬂ li’ = 1:]; Exl Deployment Tool |
Enable  Status Download Debugger Operation
1 A<
* Custom Flash Device...

Device Famnily
Programming File Utility

L&

Bypass Generic JTAG Device

Figure B.1. Deployment Tool

2. Under Function Type, select External Memory and Output File Type, select Advanced SPI Flash as shown in Figure B.2.
3. Click OK.

ﬁ Radiant Deployment Tool - Getting Started ? X

(@ Create New Deployment

Function Type: | External Memory e

Output File Typ¢ |‘Advanced SPI Flash Pw

() Open an Existing Deployment

Recent Files:

e

Figure B.2. Create New Deployment

4. Inthe Step 1 of 4: Select Input File(s) window:
a. Click the File Name field to browse to and select the primary bitstream file to create the PROM hex file.

b. The Device Family and Device fields auto populates based on the bitstream files selected.
c. Click Next.

E Radiant Deployment Tool- project0.ddt*
File Edit Help
bl sC [~ eo =~ v R R, A

External Memory: Advanced SPIFlash

Step 1 of 4: Select Input File(s)

File Name (*.bit *.rbt *.bin *.hex) Device Family Device

1 tem/impl_1/soc_golden_system_impl_1.bit ... LFCPNX LFCPNX-100

Figure B.3. Select Input File Window
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5. Inthe Step 2 of 4: Advanced SPI Flash Options window:
a. Go to the Multiple Boot tab.
b. Select the Multi Boot option.

c. Under Golden Pattern, browse and select the Golden pattern bitstream. The Starting Address of the Golden
pattern is automatically assigned. You change it by clicking on the drop down menu.

d. Under the Number of Alternate Patterns section, select the number of patterns to include from the drop down
menu.

e. Inthe Alternate Pattern 1 field, click on the browse button to select the primary pattern bitstream. The Starting
Address of the primary pattern is automatically assigned. You can change it by clicking on drop down menu.

f.  The address of next Alternate pattern to configure field is automatically populated. This is the pattern that is

loaded during the next PROGRAMN/REFRESH event. You can change the pattern by clicking on the drop down
menu.

g. Click Next.

Radiant Deployment Tool- project0.ddt” — O X
File Edit Help

AP EERE Dl 2

External Memory: Advanced SPI Flash "
Step 2 of 4: Advanced SPI Flash Options
Options User Data Files Multiple Boot
Multiple Boot
Golden Pattern: E:/GSRD/Galden_GSRD/soc_golden_system/fimpl_1/soc_golden_system_impl_1.bit w
Starting Address: 0x00250000 w
[ Protect Golden Sector
Number of Alternate Patterns: 1 ~
Alternate Pattern 1: E:/GSRD/Primary_GSRD fsoc_golden_system/impl_1/soc_golden_system_impl_1.bit w
Starting Address: 0x004A0000 -
Next Alternate Pattern to Configure: Primary Pattern w
Alternate Pattern 2:
Starting Address:
Next Alternate Pattern to Configure: Primary Pattern
Alternate Pattern 3:
Starting Address:
Next Alternate Pattern to Configure: Primary Pattern
W

Figure B.4. Advanced SPI Flash Options —Multiple Boot Tab Window

Note: The starting address of the Golden pattern must be greater than the size of the Primary pattern and the starting
address of Alternate {attern 1 should be greater than the starting address + size of golden pattern.

6. Inthe Step 3 of 4: Select Output File(s) window:
a. Specify the name of the output PROM hex file in Output File 1.
b. Click Next.
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| Radiant Deployment Tool- projectd.ddt™ - O X
File Edit Help
ol = N T <l R R . oo
External Memory: Advanced SPI Flash -
Step 3 of 4: Select Output File(s)
Cutput File1: E:/GSRD fsoc_golden_system_impl_1.mcs -
Figure B.5. Select Output File Window
7. Inthe Step 4 of 4: Generate Deployment window:
a. Review the summary information.
b. If everything is correct, click the Generate button.
The generate deployment pane indicates the PROM file is successfully generated.
d. Save the deployment setting by selecting File > Save.
e. To exit, go to File > Exit.
Radiant Deployment Tool- projectD.ddt* - O X
File Edit Help
ARH EEEEDE £ E
Options: -~
Cutput Format: Intel Hexn
SPI Flash Size (Mb): &4
SPI Flash Read Mode: Standard Read
Byte Wide Bit Mirror: Off
Betain Bitstream Header: Off
Optimize Memory Space: Off
Multiple Boot: Off
zolden Pattern: On
Zolden Starting Zddress: E:/GERD/Golden GSAD/scc golden system/impl 1/soc_golden system impl 1
Protect Golden Sector: Ox00250000 v
< >

Command Line

prim -of "E: /GSRD fzoc_golden_system_impl_1.mcs”

"C:flscefradiantf2023. 2 fprogrammer fbin/nt64/ddtcmd” -oft -advanced -dev "LFCPNX-100" -if "E:/GSRDPrimary_GSRD/soc_golden_system fimpl_1/
soc_golden_system_impl_1.bit" -format int -flashsize 64 -golden "E: /GSRD/Golden_GSRD/soc_golden_system/impl_1/soc_golden_system_impl_1.bit™ -
goldenadd 0x00250000 -multi 1 -altfile "E: /GSRDPrimary_GSRDsoc_golden_system/fimpl_1/soc_golden_system_impl_1.bit" -address 0x004A0000 -next

Reading Alternate Pattern File: E:\GSRDPrimary_GSRD\soc_golden_systemYjmpl_1\soc_golden_system_impl_1.bit
Processing file E:\GSRDVPrimary_GSRD'soc_golden_systemtimpl_1'soc_golden_system_impl_1.bit ......
File E:\GSRD'Primary _GSRD\soc_golden_system\impl_1\soc_golden_system_impl_1.bit processed successfully.

Successfully generate file(s)
E:\GSRD'Primary_G5RD'\soc_golden_system'impl_1\soc_golden_system_impl_1_tmp.bit

Format: Intel Hex

Qutput File: E: fGSRD/fsoc_golden_system_impl_1.mcs

Sector Ox004A0000: E:\GSRDPrimary_GSRD\soc_golden_systemjmpl_1\soc_golden_system_impl_1_tmp.bit.
Start generation.

Generating Intel Hex PROM File.....

Successfully generate file(s)

E:\GSRD'\soc_golden_system_impl_1.mcs

Lattice Radiant Deplayment Tool has exited successfully.

Figure B.6. Generate Deployment Window

8. You can program the .mcs file in the external flash using the Radiant Programmer.

Previous Generate
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Technical Support Assistance

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

For frequently asked questions, refer to the Lattice Answer Database at www.latticesemi.com/ Support/AnswerDatabase.
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Revision History

Revision 1.1, May 2024

Section Change Summary

All Corrected the document ID for the GSRD Demo User Guide across the document.
Acronyms in This Document Added CLINT, LMMI, and PLIC definitions.

Introduction Corrected References link in GHRD Components section.

Design Overview Corrected the following typos:

° DM to SGDMA in Design Overview section.

e SDMAC to SGDMA in SGDMA section.

e  FGPAto FPGA in Table 2.1. GSRD Memory Map.
Firmware Components Added link to FreeRTOS.

References Added doc reference to RISC-V RX CPU user guide.

Revision 1.0, January 2024
Section Change Summary

All Initial release.
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