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Abbreviation Definition

AHBL Advanced Higiperformance Bud.ite

APB Advanced Peripheral Bus

API Application Programming Interface

AXI Advanced eXtensible Interface

AXl4Lite Advanced eXtensible Interfaddte

CPU Central Processing Unit

CRC Cyclic Redundancy Check

DDR Double Data Rate

DDR3 Double Data Rate Generati@n

FIFO Firstin-FirstOut

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 PhaselLocked Loop

QSPI Quad Serial Peripheral Interface

RGMII Reduced Gigabit Media Independent Interface
RIS&/ Reduced Instruction Set Computer

RTL Register Transfer Level

SGDMA ScatterGather Direct Memory Access

SoC System on Chip

TSE MAC TriSpeedEthernet Media Access Controller
UART Universal Asynchronous Receil@ansmitter

win: fatticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

1. Introduction

The Lattice FPGBased Golden System Reference Design (GSRD) presented herein is aimed at providing a versatile and
efficient platform for embedded applications requiring higlrformance computing, memory access, data transfer
capabilities, and network eomunication. By integrating various components onto a single FPGA chip, this design offers
flexibility, scalability, and costffectiveness for a wide range of applications.

The Lattice Golden Hardware Reference Design (GHRD) is a-Bpstnip (SoC) that can be used as a baseline design
to create FPGA applications as per the user requirements. It is avVRi&ed design that interacts with various Lattice
SoftIPs and periperals such as GPIO, UART, Watchdog Time3p&ed Ethernet (TSE), Octal SPI Controller and
ScatterGather DMASGDMALontoller. All these building blocks are connected through industry standard protocols
such as AHBite, AXIMM, AXiSteam 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 RISGC CPU. The primary functionbabtloaderis 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 andsoftware 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 ofmulti-boot demonstration, the executables folder comprises compatible binaries and executable images,
that isFPGAitstream (.bit) andsoftware binary (.bin)for both Primary and Golden GSRD projects. The only difference
is that the Primary bitstream contains the code foulti-boot enablement and Golden bitstream does not enable
multi-boot.

GSRD for CertusNX device is developed and tested with the Lattice Propeld Lattice Radiant software versions
as indicated imablel.l.

1.1. Quick Facts
Tablel.1. Summary of the System

) Supported FPGA Family CertusNX
SoC Requirements -
SoC Version 1.0
CertusNX Versa Board
. Targeted Board OPN.LFD2NX/ERSAVN
Ao Levea ) Targeted Device LFD2N0-8BG256C
Supported User Interface AHBLite, AXtMM, AXiStream, APB
Lattice Implementation Lattice Propel Software 262..1
Design Tool Support P Lattice Radiant Software 282.1
Synthesis Synopsys® Synplify Pro®
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1.2. Features

The ley features of the system include:

FPGA device supported in this documentFO2N>0

RIS&/ MC CPU, SGDMntroller, TSHP, and Octal SPI Controller over AHE and AXI4 Interfaces
100 Mbps Ethernet throughput through RGMII support at 25 MHz

Lowspeed peripherals like GPEOd UART

Primary and Goldehootloader and baremetal application software

Application software CRC check by function implemented in'RRIBC bootloader code

FPGA bitstream CRC check done by FPGA Configuration Engine

Baremetal application software is run on System Memory internal to FPGA

Manual and Automatidlulti-Boot capability

= =4 =4 -4 -4 -8 -8 -9_-9

1.3. Naming Conventions

1.3.1. Nomenclature

The following aréhe nomenclature used in this document

1 Boot Upg Process of starting the RISGMC CPU, loading the bareetal application software from external SPI
Flash into the System Memory and executing the application.

1 Bootloader¢ Code that initializes and configures various peripherals and loads thetetad 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 theext best hardware bitstream and the corresponding software.

1 Baremetal application software Loaded into System Memory and executed by RISIPU at the end of boot up
process.

1 SPI Flash Nonvolatile external memory that stores thststreams bare-metal application software and muiti
boot MCS bitstream.

1.3.2. Signal Names

Signal names that end with:

1 _nare active low (asserted when value if logic 0)
1 _iare input signals.

1 _o are output signals.

9 _io are bidirectional 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
1 Lattice Propel 2025.1.1 Packageontains both Lattice Propel SDK and Lattice Propel Builder
1 526yt 2R KENBY t NRPLISt 5Sariay 9yGBANRYYSy
1 Lattice Radiant 2025.1.1 Packageontains IP Packager, Radiant Software, QuestaSim, and Programmer
T 526yt 2R KENBEY wlk RAFYdG {2FdGsl NB
1 Lattice Propel 2021.1 Patch for CertudNX Golden System Reference Design
T 526yt 2IR2&KSEINSIYRIoES {2Fiél NBE Glo Ay (GKS DI w5kD{w5

1.4.2. Hardware Requirements
Tablel.2 describes the hardware needed to run the GSRD.

Tablel.2. List ofHardware Required by GSRD
Sr No | Hardware Requirements Quantity | Comment
CertusNX Versa Evaluation Boaxeb page

Lattice Certus\X Versa Evaluation The Evaluation Board is available in two configurations:
1 Board 1 OPN: LFD2NXERSAVN (with Ethernet PHY)
OPN.LFD2NX/ERSAVN OPN: LFD2NXERSA-EVN (without Ethernet PHY)

The Evaluation Board with Ethernet PHY (LFP2RIRSAVN) is
required for this GSRD to operate correctly.

Mini-USB Typ& UART cable for
2 programming bitstream, firmware 1 Included in CertutNX Versa Board Evaluation Kit
and proper terminal prints

Cat6RJ4%Ethernet cable to connect . . . .
3 CertusNX board to the Host PC 1 Not included in CertudlX Versa Board Evaluation Kit.

4 12 V power adapter for board powe 1 Included in CertudX Versa Board Evaluation Kit
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2. Functional Description

The GSRD/GHRD SoC architecture comprises of & RISCCPU, SGDMA Controller, Octal SPI Controller, and

100 Mbps TS, interconnected through a combination of higpeed and lowspeed bus fabrics such as AHB Lite
Interconnect, and APB Interconnect. This architecture enables seamless communication and data exchange between
the components, facilitating efficient operati@and system performance.

2.1. GHRD SysterArchitectureOverview

_" Onboard Eth
— PHY

4 4

TOI0 Xi e
EERHTE]
y 2pwii1wb.
\ A 4
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EIE

perip_clk

B > Multi Boot

»
»
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fhwbir e

R345

> GPIO

32

A A ' 4 o
/" RGMII_MDIO 3 APBIC
eth_rgmii_mdc
peip.ch TSE MAC APB [(™] > UART
AXIRX 2l 5]
J s % M > wDT
3 © \ )
|% (’%

system clk, |
AXIRX  AXITX

systemek APB AHBL to
perip ok SGDMA e (M k2201 ) pridge (€725 AX# OSPI [4—4—D| Ext SPI Flash

AXIBD[*32D gl 82 S AHBL system cik4 system clk&

AXIMM
AXH10
3 >\ “anee J€2PLS]

33—

Legend
Manager i/f «————> Subordinate i/f

Figure2.1. GHRDSystemArchitecture

The design includes the following components:
Table2.1. IP Versions

SoftIP IP Version
RIS6&/MC CPU 281
System Memory 24.0
OctalSPIController 1.3.0
General Purpose 1/0 18.0
UART 14.0
AHB Lite Interconnect 1.4.0
APB Interconnect 130
AHBLite to AXI4 Bridge 1.3.0
AHBLite to APB Bridge 1.1.2
AXI4 to AHR.ite Bridge 1.4.0
TriSpeed Ethernet 210
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SoftIP IP Version
Satter-Gather DMA 250
Multi-Boot Configuration 1.0.0
Watchdog Timer 1.6.0
PLL 19.1
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 te IP Configurationsection.

The signals on each interface are described irSigmal Descriptiosection.
2.2. GHRDClocking Overview

eth_rx_clk

\ 4

)

eth_pll_clki | Etheret |eth tx CIE
"l PLL —

~—

—
system clk
—p

perip_clk

pll_clk | -
» System PLL eth_rgmii_mdc o
———»

Figure2.2. GHRDClocking Overview

Table2.2 describes the reference desigiockscheme.
Table2.2. GHRD Clocking Overview

Sr No | Clock Name Clock Freq Clock Source Destination
1 pll_clk_i 25 MHz On board oscillatoX2 System andgh PLL
2 system_clk 90 MHz system_clk_pl[CLKOP] | RIS&/CPl SGDMAController, AHBLIC,

System Memory, AX|4 to AHBL Bridge,
AHBL to AXI4 Bridge and Octal SPI

Controller

3 perip_clk 50 MHz system_clk_pl[CLKOS] | AHBL to APB Bridge, APB IC, UART, W
GPIO, SGDM&ontroller, TSEPand Dual
BootIP

4 eth_rgmii_mdc_o 10 MHz system clk_pll[CLKOS2] TSE MDIO and RGMII PHYI®™D

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

eth_rx_clk

25 MHz

On boardRGMII PHY

TSE RX path, External RX CDC FIFO

2.3. GHRI[ResetOverview

There are two resets in the entire design:

1 External Asynchronous Reset which is controlled by a push button

1 Synchronous Reset for entire system is generated fromRISC

brd_rstn_i_| System

PLL

PLL Lock

PLL lock

Eth
PLL

L

system clk

RIS&/
rst_sync

)

perip clk | rst.sync
!

A 4

PERIP

—

» MAC

eth_tx_clk sync

tx_rst_

» MAC

eth_rx_clk
_x cl sync

rx_rst_

)

system_clh rst_sync

L

SYSTEM

——

TSE MAC

Figure2.3. GHRResetOverview

win: fatticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

Table2.3. Reset Scheme

Reset Signal Source Destination Description
system_rstn_i Board PushbuttorsW3 | PLL reset input pin Reset the PLL and system reset
cpu_rstn_i Reset sync output port | RIS&/CPUeset input | Reset pin of CPU
RIS©/ CPUWutput reset pin, provides reset
All components in to all components in the design. This also
system_resetn_o RIS@/CPLbutput system triggers the reset during CPU OCD

debugging mode.

AXI IC S&3, AXI IC M3
Sys_rstn_o CPU output reset pin and SystemMemory
reset input pin

AXI IC M0, M1 and all | Octal SPI controller, APB IC, AXl4 to APB

AXI IC CPU subordinates, System Memor|
AXI IC M3

perip_rstn_o CPU output reset pin peripheral IPs reset bridge, GPIO, UART, SGD®Wtroller TSE
input pin IP, andMulti-boot IP
AXIIC S1, S2 and

axi_rstn_o CPU output reset pin SGDMAControllerMM | SGDMAControllerMM and BD

reset input pin

mac_tx_rstn CPU output reset pin AXI S_treamT_X FIFO External Stream FIFO for CDC.
reset input pint

mac_rx_rstn CPU output reset pin AXI S_tream R)HFO External Stream FIFO for CDC.
reset input pint

2.4. GHRD Interrupts Overview
Table2.4. GHRD Interrupt Overview

Sr No RIS€/ CPURQ Line Interrupt Source
1 IRQO UART IRQ
2 IRQ_1 WDT IRQ
3 IRQ_2 SGDMAControllerMM2S IRQ
4 IRQ_3 SGDMAControllerS2MM IRQ
5 IRQ_4 TSEVAC IRQ
6 IRQ_5 OSPI IRQ
7 IRQ_6 GPIO IRQ

For more information about the platform level interrupt controller information, refer to Blatform Level Interrupt
Controllersection refer toRIS&/ MC CPUP User GuidéFPGAPUG02278).

2.5. IP Configurations

The reference design is created using Lattice Propel Builder. THev®pHDL 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 sectiodescribes the following IPs and their configuration.

2.5.1. RISe&/ MCCPU

The RIS® MC CPU IP has AHBased instruction and data ports. The instruction ports are connected to the memory
that contains the bootloader software and bangetal application software for CPU execution. The data port is
connected to memory and periphals for control.

For more information about the IP core includimgmorymap information, refer tdQR1IS&/ MC CPU (Micr@ontroller)
IP Module User Guidg&PGAPUG02278).

win: fatticesemi.com/legal


http://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=54647
https://www.latticesemi.com/view_document?document_id=54647
https://www.latticesemi.com/view_document?document_id=54647

Golden System Reference Design and Demo User Guide v1.0 for @&X3evices
Reference Design

= LATTICE

%y, Module/IP Block Wizard

Configure Component from Module riscv_mc Version 2.8.1
Set the following parameters to configure this component.

Diagram riscv_cpu Configure [P

General

Property

Debug Interrupt

riscv_cpu

[Hira_so
[HHra_s1
[Hiras2
[Hras3
[Hira_s4
[HirQ_s5
[Hra_ss

E Extension for Embedded Device
C Extension for Compressed Instructions

M Extension for Integer Mult and Div

AHBL_M O—'NSTE - Reset Vector: 32'h

AHBL_M1_DATAH =
TIMER_IRQ_MO4 =

system_resetn_o—

Cache Enable

clk_i
rst_n_i
riscv_mc
4 L3 4
User Guide MNo DRC issues are found.

Buses

Value

Figure2.4. RIS&/ MCCPUP Configurationc General

% Module/IP Block Wizard

Configure Component from Module riscv_mc Version 2.8.1
Set the following parameters to configure this component.

Diagram riscv_cpu Configure IP
General Debug Interrupt Buses
Property Value
r[scvﬁcpu Debug Enable
[HirQ s0 Soft ITAG
| RQ_S1 Extend JTAG Channel
JTAG Channel Selection for Certain Devices [14-16] | 14
[Hira sz
AHBL_MO_INSTE -
[Hira sz
AHBL_M1_DATAHH—
[Hira s4
TIMER_IRQ_MG4H—
[Hira_ss
system_resetn_of—
[Hira_ss
cli_i
rst_n_i
riscv_mc
1 3 N
User Guide No DRC issues are found.

Figure2.5. RIS€&/ MCCPUP Configuration¢ Debug
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% Module/IP Block Wizard *
Configure Component from Module riscv_mc Version 2.8.1
Set the following parameters to configure this component.
Diagram riscv_cpu Configure IP
General Debug Interrupt Buses
Property Value
riscv_cpu PIC Enable
Number of PIC Interrupt Requests Input [1 - 32] 7
IRQ_SO Timer Enable
| RO S1 PIC and Timer Base Address (32'h00000000 ~ 32'hFFFFFE00)  32'hFFFFOD0D
IRQ_S2
AHBL_MO_INSTHH =
[Hrasa
AHBL_M1_DATAH —
[HrQ 54
TIMER_IRQ_M(
[Hra_ss
system_resetn_of—
| RQ_S6
dki
rst_n_i
riscv_mc
. o
User Guide Mo DRC issues are found.
Figure2.6. RIS&/ MCCPUP Configurationg Interrupt
X

4y Module/IP Block Wizard

Configure Component from Module riscv_mc Version 2.8.1
Set the following parameters to configure this component.

Diagram riscv_cpu Configure IP
= General Debug Interrupt Buses
Property Value
riscv_cpu TAHL
Enable AHBL Data Output Register
[Hra so
|RQ_SW Enable CXU Ports
)

IRQ_S2
AHBL_MO_INSTR = | RISV Rormalinterface (R
[(HIra sz Enable RVFI

AHBL_M1_DATASH
EIRQ_Stl
TIMER_IRQ_M0Q
[Hra_ss
system_resetn_o
[Hra_se
clk_i
rst_n_i
riscv._mc
. -
User Guide Mo DRC issues are found.

Figure2.7. RIS/ MCCPUP Configuration¢ Buses

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asvmsietatticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificativiosraation herein are subject to change without notice.

FPGARD023231.0

18


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v1.0 for éXievices

Reference Design

= LATTICE

2.5.2. AHBLite Interconnect

TheAHBLite Interconnect Ii%s a key component igystemthat uses theAMBA AHB protocol. It acts as a
communication hutbetween multiple AHB managers and subordinates, enabling efficient data traastesystem

scalability.

For more information about the IP core, referAdiBLite Interconnect IP User Guide (FPBRAG02051)

%, Module/IP Block Wizard

Configure Component from IP ahb_lite_interconnect Version 1.4.0
Set the following parameters to configure this component.

Diagram system_ic

system_ic

[HAHBL S00
[HAHBL s01
[HaHBL_s02

ahbl_hclk_i

AHBL_ModH
AHBLMOTH

AHBLMOIH

Configure IP

General

Property

Main Settings

Manager Priority Settings

Value

ahbl_hresetn_i

~ General
Total AHB-Lite Managers [1 - 32] 3
Total AHB-Lite Subordinates [1 - 32] 3
Manager Address Width(bits) 32

Data Bus Width(bits) 32

~ Manager 0 Connection Setting
Manager 0 Subordinate 0 Connect Enable
Manager 0 Subordinate 1 Connect Enable
Manager 0 Subordinate 2 Connect Enable

~ Manager 1 Connection Setting

Manager 1 Subordinate 0 Connect Enable

ahb_lite_interconnect

Manager 1 Subordinate 1 Connect Enable

Manager 1 Subordinate 2 Connect Enable
~ Manager 2 Connection Setting

Manager 2 Subordinate 0 Connect Enable

Manager 2 Subordinate 1 Connect Enable

4 3 Manager 2 Subordinate 2 Connect Enable

User Guide Ne DRC issues are found.

Max Burst Size Settings

Figure2.8. AHBLite Interconnect IRConfiguration¢ General

%, Module/IP Block Wizard

Configure Component from IP ahb _lite_interconnect Version 1.4.0
Set the following parameters to configure this component.

Diagram system_ic

Configure [P

General

Main Settings

Property

Value

~ Max Burst Size Subordinate Settings

Subordinate 0 Max Burst Size | 32
. Subordinate 1 Max Burst Size 32
SyStem—‘c Subordinate 2 Max Burst Size | 32

(HAHBL_s00
(HAHBL_s07
(HAHBL_s02

ahbl_hclk_i

AHBL_Mod4H
AHBL_MOTH

AHBL_MOZ4

Manager Priority Settings

ahbl_hresetn_i

4

ahb_lite_interconnect

User Gui

de

Mo DRC issues are found.

Max Burst Size Settings

Figure2.9. AHBLite Interconnect IRConfiguration¢ Max Burst Size Settings

2.5.3. APB Interconnect

TheAdvanced Peripheral BE&PB Interconnect IRs used in system for connectitgyv-bandwidth, lowpower
peripheralsto the main system bus.

For more information about the IP core, reterAPB Interconnect IP User Guide (FRBAG02054)
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4 Module/IP Block Wizard X

Configure C from IP aph_i ct Version 1.3.0
Set the following parameters to configure this component.

Diagram apb_ic Configure P
General Main Settings Requestor Priority Settings
Property Value
~ General
. Total APB Requestars [1 - 32] 1
apb_lc Total APE Completers [1-32] |6
Requestor Address Width(bits) 32
APB_MOgH
APB_MO Data Bus Width(bits) 32
—[{HpB_sco H
] Ape_MoZH
—apb_pclk_i
APB_M03H
—{apb_presetn_i
ApB_Mo4H
APB_MOFH]
apb_interconnect
4 3 .
User Guide No DRC issues are found.

Figure2.10. APB Interconnect IEonfiguration¢ General

2.5.4. AHBLIte to APB Bridge

The AdB-Lite toAPB Bridge IP is used to convert thé¢BA ite bus transaction into lovepeed APBus transaction.
For more information about the IP, refer &HBLite to APB Bridge IP User Guide (FHRAG02053)

&, Module/IP Block Wizard

Configure Component from IP ahb_lite_to_apb_bridge Version 1.1.2
Set the following parameters to configure this component.

Diagram ahbl_to_apb_bridge Configure IP

= Property Value
~ General
Address Width(bits) 32
Data Bus Width(bits) 32

ahbl_to_apb_bridge APE Clock frable [
(4HAHBLSO
dk i

pelk_i APBfME_

presetn_i

—rst_n_i

ahb_lite_to_apb_bridge

4 .3

User Guide MNe DRC issues are found.

Figure2.11. AHBL to APB Bridge IBonfiguration¢ General
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2.5.5. AHBLite to AXI4 Bridge
The AdBLite to AXI4Bridge IP is used to convert thélELite bus transaction into Xl4bus transaction.
For more information about the IP core, referAdiBLite to AXI4 Bridge IP User Guide (FRBAG02242)

Dia

4 Modu

Configure Component from IP ahbl2axi4 Version 1.3.0

Set the following parameters to configure this component.

gram ospi_ahbl_to_axid_bridge Configure IP

Prop

ety

~ General
Address Width(bits)
Data Bus Width(bits)
AXI D Width(bits)
AX] Secure Access

ospi_ahbl_to_axi4_bridge
H BL S

AX] Timeout Counter
Read Data bus Pipeline Enable
Write Data bus Pipeline Enable

1

clk i A)(I4_ Marrow transfers support

resetn_i

ahbl2axi4

User Guide

Mo DRC issues are found.

Value

32

[l <M<IN

Figure2.12. AHBLIite to AXI4 BridgdP Configuration¢ General

2.5.6. AXl4 to AHHBLite Bridge
The A4 toAHBLite Bridge IP is used to convert th&Xbus transaction into WB-Lite bus transaction.
For more information about the IP core, referAXI14 to AHR. ite Bridge IP User Guide (FRBAG02199)

&, Module/IP Block Wizard

Configure Component from IP axi2ahb_bridge Version 1.4.0
Set the following parameters to configure this companent,

Diagram sgdma_mm_gxid_te_zhbl_bridge Configure IP
| Property Value
~ General
AXIAHB Dats bus width | 32
AXI D width 1
AXI User Width 1
sgdma_mm_axi4_to_ahbl bridge
axi2ahb_bridge
4 »
User Guide No DRC issues are found.

Figure2.13. AXI4 to AHELite BridgelP Configuration¢ General
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2.5.7. OctalSPI Controller

TheOctalSPI is arighttri-state data line serial interface that is commonly used to store, program, erase and read SPI
flash memoriesOctalSPI enhances the throughput of a standard SRidiyttimes sincesightbits are transferred

every cycle. In GSRQuad SPI flasis used to store application software and bitstreams for both Primary and Golden
systemsHence, the Octal SPI Controller IP is configured in fostaté data line serial interface.

For more information about the IP core including register map information, tef@ctal SPI Controller IP User Guide

(FPGAPUG02273)

%, Module/IP Bloc

Configure Component from IP octal_spi_controller Version 1.3.0
Set the following parameters to configure this cempenent.

Diagram system_ospi_fc

system_ospi_fc

EAXM_SU B INTE

spi_cs_n_o[0:0]
clk_i o
spi_dt_io[3:0]
rst_n_i i
spi_sck_o!
octal_spi_controller
4
User Guide

Cenfigure IP
General
Property
~ Configuration Preset
SPI Protocol
~ Clock Configuration
System Clock Frequency (MHz) [1 - 200]

SPI Clock (SCK) Pulse width [0 - 31]

~ User Interface
Interface
Number of outstanding request [1 - 16]
AX14 Bus 1D Width [1-12]
FIFO depth
FIFO Implementation
~ SPI Configuration
Default LSEF value
Default CPOL value
Default CPHA value

Mo DRC issues are found.

DEBUG: IP Parameters

Value

Custom

100

1

AKXl

512
EBR

Figure2.14. Octal SPI ControlletP Configuration¢ General

“ Module/IP Block Wizard

Configure Component from IP octal_spi_controller Version 1.3.0
Set the fellowing parameters to configure this component.

Diagram system_ospi_fc

system_ospi_fc

INT
(x4 sus jas
spi_cs_n_o[0:0]
clk_i
spi_dt_ia[3:0]
rst_n_i
spi_sck_o

octal_spi_controller

4

User Guide

Configure IP
General
Property
Default Endianness value
Default Non-blocking T FIFO
Default Non-blocking Rx FIFQ

DEBUG: IP Parameters

Minimum Timing (number of SPI clock): C5 assert to SCK [0 - 13]
Minimum Timing (number of SPI clock): SCK to CS deassert [0 - 15]

Minimum Timing (number of SPI clock): CS deassert to CS assert [0- 15]

~ Capabilities

Enable Target Address Map

Enable Command Processing
Max number of data lanes

Max number of 5PI Target [1-32]
Include FIFO

Programmable SCK Divider
Programmable LSBF

Programmable CPOL
1

Mo DRC issues are found.

Value

[SRE SRR R N Y

(<N < Hiult]

Figure2.15. Octal SPI ControlletP Configuration¢ General
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%, Module/IP Block Wizarc

Configure Component from IP octal_spi_controller Version 1.3.0
Set the following parameters to configure this component.

Diagram system_ospi_fc

system_ospi_fc

INTE

spi_cs_n_o[0:0]

spi_dt_io[3:0]

EAXM_SU B

clk_i

rst_n_i .
spi_sck_o

octal_spi_controller

1 3

User Guide

Configure IP
General
Property
Programmable SCK Divider
Programmable LSBF
Programmable CPOL
Programmable CPHA
Pragrammable Non-blocking FIFO setting
Target Address up to 64b
Enable Target Reset Pin
~ 10 Primitive
Include | Primitive

~ Memory Map Configuration

Enable Full C5R Address Decoding

~ Optional Debug Registers
Enable T FIFO free space count
Enable Rx FIFO available data count

Enable Generic Command Packet Counter

4

Mo DRC issues are found.

DEBUG: IP Parameters

Value

Figure2.16. Octal SPI ControlletP Configuration¢ General

2.5.8. Tri-Speed Ethernet MA@ RGMII

The TriSpeed 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 exteral industrystandard Ethernet PHY with an internal processor, with minimal overhead.

The CertudNX 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, reféri®peed Ethernet IP User Guide
(FPGAPUG02084)

&, Module/IP Block Wizard

Configure Component from IP tse_mac Version 2.1.0
Set the following parameters to configure this companent.

rgmi_nx_clk_en._¢
rgmiLnec_speed_o[24]

rgmii_be_clk_en_<

ignore_pkti rgmi_te_ctl

mdi rgmil_ted_o[20]
reset_n_i ne_eof e
rgmi_nc_clk i ne_ermor.s
rgmi_ncctli x_fifo_eror.

rgrmii_ned J[3:0] D _stat_vector_o[310

rgmii_nc_elk i nstaten,
o fifoctri e_discfrm_of
o_sndpausreq_i e_done_o|
oc_sndpaustim_i[153] w_macresd_of

‘e_staten_o

Do statvec_o[310]

tse_mac

4 3

Diagram eth_tsemac Configure IP
ath_tsemac | Property Value
AXIS_M ~ General
INTI Select IP Option MAC only
PE_SD cpu_if_gbit_en_of + Configurati
1550 di
; - Select MAC Operating Option | RGMII
1DIo md.
Host Interface APB

Include MIIM Madule ]
Statistics Counter Registers

~ RGMII Timing Consideration
Enable FPGA delay for TX
Enable FPGA delay for RX

User Guide

No DRC issues are found.

Figure2.17. TSHP Configuration
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2.5.9. ScatterGather DMAController

The SGDMA Controller IP coreisedto access the main memory independent of the CPU processor. It offloads
processor intervention. The processor initiates transfer to SGDMA Controlleeegideinterrupt on completion of
the transfer by the DMA engine. The core implements a configurable;caXigliant DMA controller with scatter
gather capability. It also implements the AX8tteam interface to support stream data from TSE MA@APBCSR
interface is used to configure the control and status regisherthe RIS CPU.

For more information about the IP core including register map information, refS@BMA Controller IP User Guide
(FPGAPUG02131)

L

Configure Component from IP sgdma Version 2.5.0
Set the following parameters to configure this component.

Diagram eth_sgdma Configure IP
| Property Value
~ SGDMA Sctting
Enable Separate Clock Domains fer AXI4-5 Transmitter and Receiver
SGMDA CSR Register Acccess Interface Type APE
eth_sgdma AX| Data Width: 32
AX| Address Width: 32
(Hars AX) 1D Width: [1-8] 1
EAXI 45_RX AXMSJ@ AX Stream Data Width: g
b oelk i AXI4_BD_MH AX Stream TDEST Width: [1-4] 1
apb_pclk_i
PP _ Axi4_ M I Stream TID Wicith: [1 - 4] 1
apb—pFESETn—l MM2S IRCE Memery Map to Stream FIFO Depth: 4096
ck - Stream to Memeory Map FIFO Depth @ 4096
s2mm_IRdH
rstn
sgdma
4 .3

Ne DRC issues are found.

Figure2.18. SGDMAController IP Configuration

2.5.10UART

The Universal Asynchronous Receiver/Transmitted (UART) Transceiver IP core perfortessadlel conversion of
data characters received from a peripheral UART device and pdaoa#ietial conversion of data characters received
from the host locateinsider the FPGA through an APB interface.

For more information about the IP core including register map information, refe™B8T IP User Guide (FPBAG
02105)
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%, Module/IP Block Wizard

Configure Component from IP uart Version 1.4.0
Set the following parameters to configure this component.

Diagram system_uart Configure IP

| Property Value

~ General

System Clock Frequency (MHz) [2-200] |50

t t Serial Data Width 8
system_uar Stop Bits 1
Parity Enable

PB_SO
clk i \NLM —

rst n_i txd o Baud Rate Type Standard
. UART Standard Baud Rate 115200
rxd_i
~ UART Feature Enables
uart FIFO Enable

Rx Ready Enable
T Ready Enable

Ll 3

User Guide No DRC issues are found.

Figure2.19. UARTIP Configuration

2.5.10.GPIO

The GeneraPurpose Input/Output (GPIO) peripheral IP provides dedicated memapped 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, ref&RtD IP User Guide (FRIBAG
02076)

4, Madule/IP Block Wizard *

Configure Component from IP gpio Version 1.8.0
Set the following parameters to configure this component.

Diagram system_gpic Configure IP
“|  Property Value
~ General
Mumber of [/O Lines [1- 32] 2
Remove Tri-State Buffer =
Initial Qutput Value (hex) [0 - FFFFFFFF] |0
system_gpio
10 Direction (hex) [0 - FFFFFFFF] 3
(HAPe_s0
. I NTE Interface APE
clk_i .
L gpio_en_o[1:0
gpio_i[1:0] .
. gpio_o[1:0
resetn_i
gpio
4 »
User Guide Mo DRC issues are found.

Figure2.20. GPIOIP Configuration
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2.5.11.Multi-Boot Configuration Module

TheMulti-Boot Configuration is used to trigger an internal FPGA REFRESH/PROGRAMN command to LMMI logic. This IP
implements an APB endpoint which decodes the ”ASIPU command data. The LMMI host FSM used inside IP to
execute the soft reset to load the next oralhate 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.

=

Configure Component from IP fpga_config Version 1.0.0
Set the following parameters to cenfigure this component.

Diagram dual_boat_faga_config Configure IP
=l Property Value
~ General
SIM[0 --> SYNTHESIS and 1 --> SIMULATION] | 0
FAMILY LFD2NX

dual_boot_fpga_config

(H5Are_S0 ) !
config_active]
clk_in

. Ifclock_ou
rst_n_i

fpga_config

No DRC issues are found.

Figure2.21. Multi-Boot Module Configuratian

2.5.12.System Memory

The System Memory implements EBR, LRAM, or Distributed Memory in either single port or dual poroE4
subordinate. In GSRBystem Memory is configured with LRAM as the memory type and dual pott AklEhe
interfaces.TheSystemMemory in this design is used to store theotloader and baranetal application softwareThe
aceaisSyQa Y&KRNE &A1 S Aa

For more information about the IP , refer 8ystem Memory IP User Guide (FRBIBG02073)

. Madule/IP Block Wizard x

Configure Component from Module system_memory Version 2.4.0
Set the following parameters to configure this component.

Diagram system_boot_mem Configure IP

| General Port 50 Settings Port §1 Settings
Property Value
~ General
Interf: AHBL
system_boot_mem ertace
= - Memory Address Depth [1 - 32768] 16384
Data Bus Width(bits) 32
— H BL SO Memory Type LRAM
- Port Count 2
—H BL S1 ECC Enable
- Enable Arbiter
—lahbl_hclk_i * DataStreamer
Enable Data Streamer
—{ahbl_hresetn_i
system_memory ~ Initialization
Initialize Memory
4 »

Mo DRC issues are found.

Figure2.22. System MemoryP Configuration¢ General
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2.5.13.PLL

%, Module/IP Bloc

Configure Component from Module system_memory Version 2.4.0
Set the following parameters to configure this component.

Diagram system_boot_mem

system_boot_mem

—HBL_SO
—HBL_S1

—ahbl_hclk_i

—ahbl_hresetn_i

system_memory

Ll

User Guide

Configure IP

General Port 50 Settings

Property Value

~ Port 50 Settings

Enable Port 50 Memary Core Qutput Register
Enable Port 50 Read Pipeline

Byte Enable for Port 50
Unaligned Access for Port 50
Unaligned Access Shift Direction (S0} none
Edit Address Range Port 50

B@E: @@

Access Type for Port S0 RAW

Mo DRC issues are found.

Port 51 Settings

Figure2.23. System MemonyP Configurationg¢ Port SO Settings

%, Module/IP Block Wizard

Diagram system_boot_mem

system_boot_mem

—HBL_SO
—HBL_S1

—ahbl_hclk_i

—{ahbl_hresetn_i

system_memory

4

User Guide

Configure Component from Module system_memory Version 2.4.0
Set the following parameters to configure this component.

Configure IP
General Port 50 Settings
Property Value
~ Port §1 Settings
Enable Port 51 Memory Core Cutput Register
Enable Port 51 Read Pipeline
Byte Enable for Port 51
Unaligned Access for Port 51 =
Unaligned Access Shift Directien (51) none

Edit Address Range Port 51

Mo DRC issues are found.

Port §1 Settings

Figure2.24. System MemonyP Configurationg Port S1 Settings

The PLL IP is used to generate multiple clocks used in the system. Thisve Bid_ instances used in GSRD,
system_plland eth_pll.
For more information about the IP , referRLL IP User Guide (FRIBAG02063)
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% Module/IP Block Wizard X
Configure Component from Module pll Version 1.9.1
Set the following parameters to configure this component.
Diagram system_clk_pll Configure [P
= General Optienal Ports
Property Value A
SyStem_C | k_pl | Cenfiguration Mode Frequency
Yy Set P eter Op T Minimum H 0
Enable Fractional-N Divider
CI ko p_o — Enable Spread Spectrum Clock Generation
Enable Internal Path Switching
—clki_i clkos2_o}— CO
—rstn_i  clkos_o—
lock_ol—
o Seesbac
4 » = Calculate
User Guide Mo DRC issues are found.
Figure2.25. PLL IP ConfigurationGeneral for system_pll
X

4y, Module/IP Block Wizard

Configure Component from Module pll Version 1.9.1

Set the following parameters to configure this compenent.

Diagram system_clk_pll

system_clk_plI

E—

clkop_o—

—clki_i clkos2_ol—

—rstn_i  clkos_ol—

lock_of—
- J

pll

4 >

User Guide

Configure IP
General Optional Ports
Property WValue u

CLKOP: Frequency Desired Value (MHz) [6.25 - 800] a0
CLKOP Tolerance (%) 0.0
CLKOP; Enable Trim for CLKOP

CLKOS: Enable
CLKOS: Frequency Desired Value (MHz) [6.25 - 800] 30
CLKOS Tolerance (%) 0.0
CLKOS: Static Phase Shift (Degrees) 0
CLKOS: Enable Trim for CLKOS

CLKOS2: Enable
CLKOS52: Frequency Desired Value (MHz) [6.25 - 800] 10

-
Calculate

No DRC issues are found.

Figure2.26. PLL IP ConfigurationGeneral for system_pll
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4, Module/IP Block Wizard

Configure Component from Module pll Version 1.9.1

Set the following parameters to configure this component.

Diagram system_clk_pll

system_clk_pll

S EEE—
clkop_o—
—clki_i clkos2_of—
—rstn_i  clkos_of—
lock_of—

-

pll

40

User Guide

x
Configure IP
General Optional Perts
Property Value =

CLKOS Tolerance (%) 00

CLKOS: ERROR (PPM 0

CLKQS: Static Phase Shift (Degrees) 0

CLKQS: Enable Trim for CLKOS O

CLKOS2: Enable

CLKOS2: Frequency Desired Value (MHz) [6.25 - 800] 10

CLKOS2: Divider Actual Value [1-128] 80

CLKOS2 Tolerance (%) 0.0

CLKOS2: ERROR (PPM 0

CLKOS2: Static Phase Shift (Degrees) 0

CLKQS3: Enable O

CLKOS4: Enable O

CLKOSS: Enable O a4
Mo DRC issues are found.

Figure2.27. PLL IP ConfigurationGeneral for system_pll

% Module/IP Block Wizard

Configure Component from Module pll Version 1.9.1

Set the following parameters to configure this component.

Diagram system_clk_pll

system_clk_pll

clkop_o—

—clki_i clkos2_of—

—rstn_i  clkos_o—

lock_ol—
.

pll

4
User Guide

Configure [P
General

Property

Optional Ports

Value

Set /0 Pin for PLL Reference Clock [ |

O

Enable Dynamic Phase Ports

CLKOS Enable Port
CLKOS2 Enable Port

] m}

Provide PLL Reset

<]

Provide PLL Lock Signal
PLL Lock is Sticky

[y <|

Select Register Interface None

Enable Legacy Mode

] m}

Enable Powerdown Mode

Calculate

Mo DRC issues are found.

Figure2.28. PLL IP ConfigurationOptional Ports for system_pll
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% Module/IP Block Wizard

Configure Component from Module pll Version 1.9.1
Set the following parameters to configure this component.

Diagram eth_pll Configure IP
General Optional Ports
Property Value Z

clki_i

rstn_i

1

eth_pll

Configuration Mode Frequency

Enable Fractional-N Divider
Enable Spread Spectrum Clock Generation
Enable Internal Path Switching

clkop_o

lock_o

-

» Calculate

User Guide

No DRC issues are found.

Figure2.29. PLL IP ConfigurationGeneral for eth_pll

i Module/IP Block Wizard x
Configure Component from Module pll Version 1.9.1
Set the following parameters to configure this component.
Diagram eth_pll Configure IP
General Optional Ports.
Property Value i
CLKOP: Frequency Desired Value (MHz) [6.25 - 800] 25
CLKOP Tolerance (%) 0.0
clki i cl kop o CLKOP: Enable Trim for CLKOP
rStn_I |OC|(_O CLKOS: Enable
CLKOS2: Enable
CLKOS3: Enable
CLKOS4: Enable
CLKOS5: Enable
-
. T Calculate
User Guide Mo DRC issues are found.

Figure2.30. PLL IP ConfigurationGeneral for eth_pll

2.5.14.Reset Modules

A reset synchronizer module ensures thataamynchronous reset signial safely brought into aynchronous clock

domainwithout causingmetastabilityor glitches on reset signals.
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“n

Configure Component from Module Iscc_reset Version 1.0.0
Set the following parameters to configure this component.

Diagram cpu_ck_rst_sync Configure IP
“| Property Value
~ General
Reset Mode ASYNC

Number of Synchronizer Stages [2-4] 2

Simulation Mode

cpu_clk_rst_sync

dest clk dest rst

src_rst n dest rst n

Iscc_reset

Document No DRC issues are found.

Figure2.31. Reset Module Configuratioq General

2.5.15.Clock Domain Crossing Module

A clock synchronizer module ensures thataagnchronous signéd safely brought into aynchronous clock domain
without causingnetastabilityor glitches on input signals.

S

Configure Component from Module lscc_cdc Version 1.0.0
Set the following parameters to configure this component.

Diagram irq_s5_cdc Configure IP
“| Property Value
~ General
CDC Module BASE_SYNC
Number of Synchronizer Stages [2-4] 2
Enable Qutput Pipeline Register
irq_ss_cdc Simulation Mode
~ Reset Configuration
Reset Enabl
dest_clk Ssertnazie =
dest_rst_n out_data[0:0]; DEST Reset Mode ASYNC
f Data Reset All To 1
in_data[0:0]
Data Reset Value (hex) 0
Iscc_ede
4 3
Document MNo DRC issues are found.

Figure2.32. Clock Domain Crossing Module Configuratip&eneral

2.5.16.AXIS FIF®lodule
The AXIS FIFO IP is used to buffer data between two different clock domains while maintaining the AXI stream protocol.
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&,

Configure Component from IP axis_fifo Version 1.0.0
Set the following parameters to configure this compoenent.

Diagram tsemac_nc_axis_fifo

Configure [P

tsemac_rx_axis_fifo

_EAXMQS

m_aclk_i

—m_aresetn i AXI4SJ.E

General

Property Value

AX]| Stream TDATA Width 8

AX| Stream TID Width 1

AX| Stream TDEST Width 1

AX] Stream FIFQ DEPTH 256
FPGA Frmily LFD2NX
FIFO Resource Inference EBR
Enable or Disable CDC FIFO  ASYNC

—s_aclk_i
—s_aresetn i
axis_fifo
4 » =
User Guide

Mo DRC issues are found.

Generate Cancel

Figure2.33. AXISRXFIFO Module Configuratiog Generalfor tsemac rx_axis_fifo

g,

Configure Component from IP axis_fifo Version 1.0.0
Set the following parameters to configure this component.

Diagram tsemac_tx_axis_fifo Configure [P
2 General
Property Value
AX| Stream TDATA Width 8
AX| Stream TID Width 1
tsemac_tx_axis_fifo AXI Stream TDEST Width 1
AX Stream FIFO DEPTH 236
_EAXMS S FPGA Frmily LFD2NX
. FIFO Resource Inference EBR
—m_aclk Enable or Disable CDC FIFQ | ASYNC
—{m_aresetn_i AXI4S_IVE
—s_aclk_i
—{s aresetn i
axis_fifo
4
User Guide Mo DRC issues are found.

Generate Cancel

Figure2.34. AXIS FIFO Module ConfiguratigrGeneralfor tsemac_tx_axis_fifo
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2.6. System Level Interfaces

Table2.5. System Level Interfaces

Top-Level Interface Name ﬁlrg)tgggle L Description

AdvancedXtensible Interface 4 AXl4 Used for Data Interfaces on SGDE@ntrollerlP
Advanced Higiperformance Bud.ite AHBL Used for Data Interfaces on Ri8@nd System Memory
Advanced Peripheral Interface APB Used as Control Interface for lespeed 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
ggg’;\iﬁ}é Zﬁgﬁ:&?:rous UART Used for CPU priotits

General Purpose 1/0 GPIO Used for LED$0 indicate the RGMlink speed

2.7. SoC Memory/Address Map
Table2.6. GHRDAddress Map

Base Address End Address Size Subordinate
0x8000_0000 0x8000_FFFF 64 kB System Memory
0xC000_0000 0xQ000_OFFF 4kB UARTAPB
0xQ000_1000 0xQA000_1FFF 4 kB GPICAPB
0xC000_2000 0xA002_FFF 4kB Multi-Boot Config APB
0xC000_3000 0xQD00_3F-F 4kB SGDMAControllerAPB
0xC000_4000 0xQ000_7FFF 16kB TSBEVACAPB
0xC000_8000 0xCOO008FFF 4 kB Watchdog Timer APB
0xC000_D000 OXxC3FF_FFFF T Reserved
0xC400_0000 0xC400_OFFF 4 kB Octal SPI Controller
0xC400_1000 OxXF1FF_FFFF T Reserved

CPU Local Memory

OXFFFF0000 | OXFFFF_O7FF 2kB Timer

2.8. Design Constraints

The design constraints are divided into two parts,-Byaithesis (SDC) and R&8sinthesis Physical (PDC) constraints.
They are used to ensure that the design meets the required performance, timing closure, functionality and physical
placement requirementas per the FPGA device.

Table2.7. 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/0 <Project_nameypdc Pin locking of all I/O and 1/O standard matching board requireme
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2.9. Resource Utilization

Figure2.35 shows the approximate GHRD resource utilization Balole2.8 shows the total LUT4, PFU register, 1/0
buffer, and EBR resource utilization fdfD2N>40device.

imp[l LuT4 Logic
~ soc_golden_gsrd 13212(2) 10432(2)
» tsemac_tx_axis_fifo_inst 88(0) 54(0)
» tsemac_rx_axis_fifo_inst 88(0) 54(0)
» system_uart_inst 243(0) 197(0)
» system_ospi_fc_inst 1527(0) 1165(0)
» system_ic_inst 648(0) 618(0)
» system_clk_pll_inst 1(0) 1(0)
» system_boot_mem_inst 760(0) 726(0)
» sys_clk_rst_sync_inst o(o) o(o)
» sgdma_mm_axi4_to_ahbl _bridge_inst 531(0) 433000
» sgdma_bd_axi4_to ahbl_bridge_inst 534(0) 454(0)
» riscv_cpu_wdt inst 165(1) 109(1)
» riscv_cpu_inst 3628(0) 2912(0)
» perip_clk_rst_sync_inst o(o} 0(0)
» 0spi_ahbl_to_axi4_bridge_inst 74(0) 74(0)
» mac_tx_clk_rst_sync_inst o(o) 0(0)
v mac_rx_clk_rst_sync_inst o(o) 0(0)
» jtaghub_top_inst 34(33) 20(19)
» irg_s6_cdc_inst o(o) 0(0)
» irg_s5_cdc_inst o(o) 0(0)
b irq_s4_cdc_inst o(o) o(o)
» irg s3_cdc_inst o(o} 0(0)
» irg s2_cdc_inst o(o} 0(0)
» irg sl _cdc_inst o(o} 0(0)
» irg_s0_cdc_inst o(o} 0(0)
» eth_tsemac_inst 2296(0) 1660(0)
» eth_sgdma_inst 2139(0) 1499(0)
» eth_pll_inst 1(0) 1(0)
+ dual_boot_fpga_config_inst 56(0) 56(0)
v cpu_clk_rst_sync_inst o(o) 0(0)
» apb_ic_inst 110(0) 110(0)
» apb_gpio_inst 43(0) 43(0)
+ ahbl_to_apb_bridge_inst 244(0) 244(0)

istributed RAM | Ripple Logic PFU Registers

210(0)
0(0)
0(0)
0(o)
120(0)
0(o)
0(o)
0(o)
0(0)
54(0)
36(0)
0(0)
0(0)
0(0)
0(0)
0(o)
0(o)
0(o)
0(o)
0(o)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(o)
0(o)
0(o)
0(o)
0(o)
0(0)

2570(0) 9523(86)
34(0) 80(0)
34(0) 80(0)
46(0) 146(0)
242(0) 1190(0)
30(0) 208(0)
o(0) 0(o)
34(0) 423(0)
o(0) 2(0)
44(0) 236(0)
44(0) 233(0)
56(0) 133(0)
716(0) 1906(0)
o(0} 2(0)
o0} 114(0)
o(0) 2(0)
o(0) 2(0)
14(14) 53(53)
o(0) 2(0)
o(0) 2(0)
o(0) 2(0)
o(0} 2(0)
o(0} 2(0)
o(0} 2(0)
o(0} 2(0)
636(0) 2304(0)
640(0) 1953(0)
o(0) 0(o)
o(0) 55(0)
o(0) 2(0)
o(0) 7(0)
o(0) 29(0)
o0} 263(0)

10 Registers
3(0)
o(0}
o0}
1(0)
o(0)
o(0)
o(0)
o(0)
o0}
o(0}
o(0}
o(0}
o(0}
o(0}
o0}
o(0)
o(0)
o(0)
o(0)
o(0)
o0}
o(0}
o(0}
o(0}
o(0}
o(0}
o0}
o(0)
o(0)
o(0)
o(0)
2(0)
o0}

10 Buffers DSP MULT
34(24) 6(0)
0(0) o(0}
0(0) o(0)
0l(0) o(0)
4(0) o{o)
0l(0) o(0)
0l(0) o(0)
0l(0) o(0)
0(0) o(0)
0(0) o(0}
0(0) o(0}
0(0) o(0}
0(0) 6(0)
0(0) o(0}
0(0) o(0)
0l(0) o(0)
0(o) o{o)
4(4) o{o)
0l(0) o(0)
0(o) o{o)
0(0) o(0)
0(0) o(0}
0(0) o(0}
0(0) o(0}
0(0) o(0}
0(0) o(0}
0(0) o(0)
0l(0) o(0)
0l(0) o(0)
0l(0) o(0)
0l(0) o(0)
2(0) o(0)
0(0) o(0)

EBR
27(0)
1(0)
1(0)
0(o)
2(0)
0(o)
0(o)
0(o)
0(0)
0(0)
0(0)
0(0)
2(0)
0(0)
0(0)
0(o)
0(o)
0(o)
0(o)
0(o)
0(0)
0(0)
0(0)
0(0)
0(0)
4(0)
17(0)
0(o)
0(o)
0(o)
0(o)
0(o)
0(0)

Large RAM
1(0)
o(0}
o(0}
o(0)
o(0)
o(0)
o(0)
1(0)
o(0)
o(0}
o(0}
o(0}
o(0}
o(0}
o(0}
o(0)
o(0)
o(0)
o(0)
o(0)
o(0)
o(0}
o(0}
o(0}
o(0}
o(0}
o(0}
o(0)
o(0)
o(0)
o(0)
o(0)
o(0)

Figure2.35. LFD2N»40 Device GHRDApproximate Resource Utilization

Table2.8. GSRD Total Approximate Resource Utilization

ApproximatePercentage

Resource ApproximateUsage Utilization
LUT4 (Logic + Distributed RAM + Ripple Logic) 13212 40.96%
PFU Register 9523 2952%
I/O Buffers 34 18.37%
EBR 27 32.1%%
LRAM 1 50%
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Table3.1shows the input/output interface signals for the té@vel module.

Table3.1. Toplevel /O

Signal Name 1/0 Type I/O Width | Description
pli_clk_i Input 1 Reference clock input for internal BLL
system_rstn_i Input 1 Active low reset input for design. Activate by pressing push buttor
SW3on the board.
GPIO
gpio_o Input/Output 2 General Purpose /0O signals connect to D2B and D2#n boardto
indicate RGMII link speedpio_d1:0] (D25:D29
00, 10and 11 Not defined
01: 100 Mbps D25 = @, 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 SPIController
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 RGMllreceives data from Ethernet PHY
rgmii_rxctl_i Input 1 RGMllIreceives control from Ethernet PHY
rgmii_rxc_i Input 1 RGMillIreceives clock from Ethernet PHY
rgmii_txd_o Output 4 RGMilltransmits data to Ethernet PHY
rgmii_txctl_i Output 1 RGMilttransmitscontrol to Ethernet PHY
rgmii_txc_i Output 1 RGMIltransmitsclockto 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 LED18to check MultiBoot Configuratiorblock status
0: Configurationisin progressLED= N
1: Configuration is done. LED = OFF
LEDs
system_pll_lock_o Output 1 Connect to LED19to checkSystem PLL lock status
0: PLL is locked. LED = ON
1: PLL is unlocked ED= OFF
eth_pll_lock_o Output 1 Connect to LED20to checkghernet 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-bydet8®ased 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 tHePGA and bamnetal application software. During boot up, these drivers
initialize and configure FPGA peripherals to establish effective coordination with th&/ RIs€essor.

4.1. Primary and Golden Bootloader

Bootloader is a barenetal program that does the following IP configurations:

1 Configures the GPIO and UART IP

1 Calculates the CRC value on the entire application software copied into System Memory by usirggitig 29?1
and compares the value with the original CRC value.

1 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-Boat Configuration module. This step is only used in Primary
GSRD system.

4.2. Primary and Golden Application

The pimary andgolden applications are implemented lrare metalwith the following functions:

1 Executed by RISCMCCPUrom System Memoryvhere it initializes the BSP

1 Initialize the TSE ¥ setting uphe 100 MbpsEthernetlink speed, MAC address ahdl duplex modebased on
the selected configuration

Configure external Ethernet PHY through MDIO interface.

Configure the SGDM@BontrollerMM2S (MemoryMapped to Streaming) interfader transferring theethernet
packets toTSE MAC and set §@MM (Streaming to Memory Mapped) interfatcereceiveethernetpackets from
the TSE MAC.

f
f
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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 antdtateapplication software. These SoCs

are built using Lattice Ppel 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 bitstm and the barenetal application software are stored in the external

SPI Flash (Micron).

During poweron, 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 theHGA. Once the FPGA is configured, the DONE LED on the board glows green.
Immediately, the RISE starts executing the bootloadsoftware stored inside System Memory and initializes all the
soft-IP modules and peripherals to establish a base for commuaitand data transfers. This process includes
configuring the IPs for the desired system operation. After all the IP configuration is complet¥, iRitges the Octal

SPI Controller to copy the bareetal application software from external SPI Flagb the System Memory for

software execution. Once the application software is copied, the-RI&@cks the CRC on the entire copied

application software. If the CRC check fails, R181tiates a soft reset/refresh by instructing the midtot

configuraion 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 aygion software, the RISC program counter jumps to the application
AYyadNHz0G A2y Qa aidl NI A-yhdal dpphidathals sofiware gkétutiani | NIla G KS o6 NB

5.1. Boot-Up Sequence

This section describes the RISRICCPU boot up sequende detailthat configures IP driversnd operating modes

and bootloader

1 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.

1 The initial bootloader is a part of the internal System Memory ROM embedded into the FPGA bitstream $bored in
the external SPI Flash. Upon povegr 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.

1 The bootloader fetches the respective Primary applicasioftiware throughthe Octal SPI Controllémto System
Memory.

1 Theapplication software is storeith the second halbf System Memory. After the application software is loaded,
the RISE&/ CPU calculates the CRC of the application code in System Memory.

1 The CRC of the application software in System Memamgidsilated andralidated against the reference CRC
embedded in SPI flash.

91 If the calculated CRC matches, the RVSTPU jumps to baimetal application software executidn System
Memory.

1 If the calculated CRC mismatcliks reference CRG@he RIS/ CPU issues a FPGA REFRESH command to load the
Golden bitstream and application software from SPI Flash.

1 Octal SPI Controller performs a seiignostic check for read, writand erase operations. Refes AppendixC
Using the Octal SPI Controller for Read, Write, and ErasPiggtiostic Check (Bareetal Application Software)
for more information.

1 TheBaremetal application software initializake SGDMAController andT SE IRnd usesthe MDIO interface of
TSE IP to configure external Ethernet PHY for Ethernet connection.

1 Thebaremetal applicatiorsoftwareinitiates Ehernet packets transnssionto and recetion from the host
machine.
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Figure5.1. GSRD BoetUp Sequence
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5.2. Data Movement

This section describes the RI®IC CPLbare-metal application software executioim detail

1 Upon the execution of the correct Primary or Golden application software 8ggtem Memorythe building
blocks mentioned earlier are up and running with their associated drivers. For example, if any Ethernet data is
expected to arrive, the RISCCPU sets up the SGDRéntrollerr OO2 NRAYy It & A GK NBOSAGS o
length and other configuration modes to route the incoming Ethernet packets.

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

1 When data is written into the System Memory, SGD&bhtrollertriggers interrupt to RIS& CPU to acknowledge
the data transfer is completed. RISGCPU then clears the SGDEI#ntrolleQ a Ay (0 SNNXzLIG & G| G dza @

1 Once interrupt is serviced, RE¥@oes back to the main loop to execute the next task.

< AHBL Bus ,| System
Memory
RISG/ | AHBL Bus
MC - Ll
Data Flow In
AHBL
Interconnect

oy

AHBL Bus AXI to |AXI Byl

AXI Bus

TSEMAC /Oyl Ras

A

Figure5.2. Ethernet Data RX Flow

1 For outgoing data, data is fetched from a location inside System Memory byRI80. SGDM2Zontroller
transfers the data to TSE IP for transmission outside the FPGA.

1 When no data activity occurs over Ethernet, the RISTPU continues running its tasks in the main loop based on
the loaded sftware execution.

AHBL Bus System
"|  Memory

RIS©/ | AHBL Bus
MC - L

AHBL

Interconnect
erconnec Data Flow Out

AXI Bus /O

TSEMAC [« » RJ35

AHBL BusAXI to| AXI Bus

AHBL SGDMA

Figureb.3. Ethernet Data TX Flow
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6. Running the GSRDemamstration

This section describes the procedure for running the GSRD demonstration using-thélpexecutables and binary
files in the design packag¥ou 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.

1 Download the design package from the Lattice Semiconductor wel&it¢éoDesign Filén the GHRD/GSRD
Demonstration download theCertusNX Golden System Reference Design and Deme Bitireamfile.

1 Unzip the .zip file to your local directory, for example<t@user_workspace>.

1 The extracted directory has the following executables listetiable6.1.

Table6.1 showsthe bitstreams and software image binaries for programming the FPGA.

Table6.1. 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.hit 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. SettingUp the Hardware
This section provides the procedure for setting up the CelXsVersa Evaluation board for GSRD demonstration as
shown n Figure6.1 and Figure6.2.
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Indicator LED
7-Segment LED PMOD Connection Switch Button Push Button

LT T T
@ © ® [ @ (:

RGMII R#5
Connector

=3
=3
o
o
-
~

Main DC Power
Supply

SGMII Rib
Connector

7498111001

12v DC Powein

DDR3 Device
D-PHY Camera
CertusNX Device Parallel Camera

JTAG Header Parallef SPI

Configure Header
Gold Finger Power Indicator LED

Figure6.1. CertusNX Versa Evaluation Board

25 X6

Figure6.2. Connections Jumpersand Buttons needed for Demonstration
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To set up the hardware, perform the following:
1. /2y ySOG GKS wmH 22 ®NI2 & § NJdA RoB dailSINE 21 O
I 2yySOGn{KSta&ApwES TNBY t/ (2 WHO

| 2yyS0G 2dzYLISNE 2y tAY M FYR tAY H 2y 023K Wt Hp

2
3
4. | 2y ySOiG 2da¥ yYORNI2 Wi A By |40 frPhyo @ Y] nd
5

9yadaNBE GKS NBaid 2F (KS 2dzYLISNE |/ NNBLIEa+SNE | | B o K Sz B3 RI

I A SNJ DAzA®RBH HE&H D!

6. / 2yySOG GKS wwnp OF6fS FNRBRY (KS Kz2aid t/ OFoftS
7. ¢ dzNJ KeSY ¢ S deld I &

6.3. SettingUp the UART Terminal

G2 Wp

The software code during the GSRD demonstration displays messages on the terminal through the UART interface.

To set up the UART terminal:

1. /1 2yySOG GKSH[ I #6NDE OGNIdAGAZY o021 NR (12 witKSO o tkgd LIG 2 |

2. hLISy t NRLISEt {5Y (G22f®
3. 52dzDff § O] 2y AIGRI 206 FNIA aybRIST

- R R RN RN R R R R 5] 5
¢ Project Explorer % =) i =B = B |8 Outline x = a
There are no projects in your workspace, There is no active editor that provides
To add a project: an outline.
R Cr
2! Problems | ] Tasks | &2 Console X . [ Properties 4 Terminal r *= 0
Mo consoles to display at this time.

Figure6.3. UART Terminal Icon on Propel SDK Window

4, { ST{SONR I t ¢S NvigryBl B Ly { SNA L LI2NI RNRBLIR2gy fAraidz a

N C A AcipwB
Note: This detail can also be found under the Ports (COM and LPT) saetfonr local PC, undéhe 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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= -
WL na O H
Choose terminal: | Serial Terminal w
Seftings
Serial port: | COM10 v
Baud rate: | 115200 o]
Data size: |8 ~
Parity: None o
Stop bits: |1 w
Encoding: Default (1I50-8859-1) w
@ Cancel

Figure6.4. UART Launch Terminal Window

% Device Manager — m}
File Acticn View Help

e« mE HmE

X

& Biometric devices
9 Bluetooth
@ Cameras
3 Computer
e Disk drives
& Display adapters
¥ Firmware
I? FortiDeviceGuard
Human Interface Devices
Keyboards
@ Mice and cther pointing devices
[ Monitors
8 Network adapters
E? Other devices
v i Ports (COM & LPT)
ﬁ Intel(R) Active Management Technology - SOL (COM3)
8 USB Serial Port (COM4)
& USB Serial Port (COMS)
A Print queues
I Processors
B} Security devices
!t Software components
B Software devices
I Sound, video and game controllers

i

Sa Storage controllers

Figure6.5. Device Manager Window on PC

5 { S . I{dé#Rkm N® i /5
6. / f

a
)

6.4. ProgrammingStandalone Golden or Primary GSRD Bitstream and Application

Software

To program the standalone golden or primary GSRD bitstream and application, perform the following
t/ dzaAy3

1. /1 2yySOi

MKS +E8HL dzA @F f dzZ GA2y . 2F NR (2

{ SO GWyHKENRAISE A 2 Y Ol KSBdIYILISANENE G Wt Hp
2. t29BWI GKS 02 NR®

I.
F Y R

Wt HC

NB
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3. - dzy OK FGGAOS t NRINIFYYSNI (22 t/0oNBIVG S KIS NS (6 yWHEY § 8§ LI 2
NE2SOi2y282dNRy201rt YIOKAYySed Ly GKA& Ol asS:s G Oly
S N3p

o
<

NJE_

-
fo
Ot—

- Ca
puf

Lattice Radiant Software 2025.1

Install&Uninstall Cable Drivers

Fe

IP Packager

Power Calculator

Questa Lattice Edition

Radiant Programmer

el

Radiant Software
Radiant Software Help
Release Notes

Synplify Pro for Lattice

B ) ® e

TCL Console

Figure6.6. Launch Radiant Programmer from Windows Start

3 Radiant Programmer - Getting Started b3
New Project:
Project Name:  GSRD
Project Location:  C:/Work/test ~ | Browse..
O Create 2 new project from a scan
Cable HW-USBN-2B (FID)) ~ Port: FTUSB-O v Detect Cable
TCK Divider Setting (0-30x): 1¢][=
() Create a new blank project
Open Project:
(O Open an existing programmer project
C:/Work/GSRD3.0/Alpha_Release/Avant-E70/Bit-stream/Untitled xcf Browse...
Figure6.7. Radiant Programmer Start Window
£ Radiant Programmer - GSRD.xcf * - O X
File Edit View Run Tools Help
fEd @ L X
Enable Status Device Vendor Device Family Device Operation Cable Setup g X
1 Generic JTAG Device JTAG-NOP Bypass Cable Ssttings
Detect Cable
Cable: HW-USEN-28 (FTDI) ~
Port: FTUSE-0 hdl
Custom port:
Programming Speed Settings
v
< > | < >
FaT S 5 W

Figure6.8. Radiant Programmer. xcf Window

5. LT 56Kk OSakK2FASEANA O VS ! POBFH O O EBE & Ak dzLIR 50535 AGGSS
CHYAYE2NNIGAZ2Y Fdzi2YFGAOFE &
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u Radiant Programmer - GSRD ot *

File Edit Wiew Run Tools Help
e S8 |8 i @ 8 & 6 s BB
Enable Status Device Family

Figure6.9. Scan Device Icon on Radiant Programmer

BEB R B

=S NE

Enable  Status Device Family Device Operation
18 LFD2MNX LFD2NX-40 Fast Configuration

Figure6.10. Select Device for Programming

s

6. 52 dzDff § O1 h RIF NIl B2 y2rd N B KBS A0Bt AR LIS NI A S &

7. . ST2NB
C A i

a LFD2ZNX - LFD2NX-40 - Device Properties

General Device Information
Device Operation

Target Memory:

Port Interface:

Access Mode:

Operation:
Programming Options

Programming file:

- [m]

Static Random Access Memory (SRAM)

Static Randem Access Memaory (SRAM)

MNon Volatile Configuration Memory
External 5P| Flash Memory (5P| FLASH)

Fast Configuration ~

[[J Password Protection Options (Provide key file if password protection enabled)

Cancel

o |

X

Figure6.11. Select the Target Memory for ProgrammiigSPI Flash

LINE AN YYAY3IZ

g2dz ySSR

2

SNJ) as$s

HBXKSARFAENNBY {t L
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O\
-
9J<@(
= —
<

¢

Device Operation
Target Memory:
Port Interface:
Access Mode:

Operation:
5PI Flash Options

Farmnily:
Vendor:
Device:

Package:

83 LFD2NX - LFD2NX-40 - D

Device Properties

General Device Information

External 5P| Flash Memory (SP1 FLASH) ~

JTAG25PI

Direct Prograrmming -

Erase All

5Pl Serial Flash
Micron
MT25QU128

8-pin SOP2

5Pl Pregramming

Data file size (Bytes): 0

Start address (Hex):

End address (Hesx):

) Turn off addresses auto updating

] Erase SPI part on programming error

) secure SPI flash golden pattern sectors

Load from File

QK Cancel

Figure6.12. Device Properties to Erase theiddon SPI Flash

5t A0l 2y
SW2ZNB & K28

(KS t N.JE 3N Wdzp SBAONE DGR WA B S

ALINR2 OS &

G2

0S O02YLX SGSR®

u Radiant Programmer - G5RDxcf *

1231331?& ﬂﬁ

S v &

Figure6.13. Program Button to Program the SPI Flash

NB N

BBES ¥ SY KL
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9. t 26 SNJ
10.9 N} & 8

11. ¢ 2 LINZ

Output
Lattice YM Drivers detected (HW-DLN-3C (Parallel), HW-USBN-2B (FTD))

Programmer device database loaded

INFO «83021074» - Check configuration setup: Start.

INFO «83021077> - Check configuration setup: Successful (Ignored JTAG Connecticn Checking).
INFO <83021294> - Devicel LFDZNX-40: LFD2NX-40: Refresh Verify 1D
INFO «83021298> - Operaticn Done. Mo errors,

INFO «83021294> - Devicel LFDZMNX-40: MT25QU128: Erase All
Initializing...

|IDCode Checking...

Enabling...

Erasing All...

Disabling...

INFO «83021389> - Execution time: 00 min: 00 sec

IMFO <83021371> - Elapsed time: 00 min : 05 sec

IMFQ <83021373> - Operation: successful,

fa T SN S Trl Cmmeal

Figure6.14. Output After Erase All

Ot OfiS:  (KSSNE/ IS NIidilesf dz GA2Yy . 21 NR®
GKS cCcthbw {w!ad /ftAO0)

u LFD2MX - LFD2ZMNX-40 - Device Properties = O ey
General Device Information

Device Operation

Target Memory: Static Random Access Memory (SRAM]) -
Port Interface: JTAG ~
Access Mode: Direct Programrming 4
Operation: Erase Only ~
(O Passwaord Protection Options (Provide key file if password protection enabled)

oK Cancel

Figure6.15. Erase Only Operation for SRAM Programming

IO V2 (RS YFALBDNDWHA YiKS {t L Cfl fEEIa@R® { 2 6
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ﬂ LFD2MX - LFD2NX-40 - Device Properties — O

General Device Information

Device Operation

Target Memory: |External SPI Flash Memory (SPI FLASH) ~ |
Port Interface: ITAG2SPI v |
Access Mode: | Direct Programming = |
Operation: | Erase,Program,Verify e |

Programming Options

Programming file: IE%_D/BEI’A/CNX/executablesfc_golden_appcrc.bin | 04488

SPI Flash Options

Family: |SPI Serial Flash v
Vendor: | Micron w2
Device: |MT25QU128 v
Package: |S—pin S50P2 -

SPI Programming

Data file size (Bytes): 24576 | | Load from File
Start address (Hex): |0x00800000 ~ |
End address (Hex): |0x00800000 3

[ Turn off addresses auto updating
[] Erase SPI part on programming error

] secure SPI flash golden pattern sectors

[ ok ]| cancel

12./ ¢ k@

Figure6.16. Device Properties to Program thidicron SPI Flash

13.' &S ¢/ Y S5AGORBNDPESGGAYyI on
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Cable Setup g ®
Cable Settings
Detect Cable
Cable: HW-USBN-2B (FTDI} -~
Port: FTUSB-0 -
Custom port:

Programming Speed Settings
() Use default Clock Divider

© Use custom Clock Divider

TCK Divider Setting (0-30x): 10 =

Figure6.17. Cable Settings for Device Programming

Output

INFO <85021284> - Devicel LFD2NX-40: MT25QU128: Erase,Program Verify
Initializing...

IDCode Checking...

Enabling...

Erasing...

Disabling...

Enabling...

Programming...

Disabling...

Verifying...

INFO «85021399> - Execution time: 00 min : 01 sec

INFO <85021371> - Elapsed time: 00 min : 06 sec

INFO «85021373 > - Operation: successful.

OF$IRNBI2 (2w dayK SH Yt SNEIBD MIAIYS Y528 @A QXzii
y {dZ00Sa&aFdA YSaal3ISo

Figure6.18. Radiant Programmer Console Output after Programming the SPI Flash

15.t 26 SNJ O& Otms
16.¢2 LINRIANI Y
NCAdakNgs al 1S

(KSNEH 'S NIi2dEaNR &

oz

7 A

Oz2yazts

KS CtD! D21ORSY] DR BEIGESS AiRNRIILIRIT (52 dzKiSS a St
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a LFD2NX - LFD2NX-40 - Device Properties - O X

General Device Information

Device Operation

Target Memory: Static Random Access Memory (SRAM) ~
Port Interface: JTAG 5
Access Mode: Direct Programming 3
Operation; Fast Configuration ~

Programming Options

Programming file: |ZNX—40,’executabIes,fsoc_golden_gsrd_impl_‘l.bit .| |OX5C57

[] Password Protection Options (Provide key file if password protection enabled)

Cancel

Figure6.19. Device Properties to Program the FPGA Bitstream in SRAM

17./ f h@&YR / ttANRIINIKE GBWADNE 32 &2 wis/S pY § yNd IANG BY 5dSyARAC
2LISNY GA2Y Aa adz00SaaftdzZ Fa akKz2gy Ay CAIdzNBO

Qutput

INFO «85021074> - Check configuration setup: Start.

INFO «85021077 = - Check configuration setup: Successful (Ignored JTAG Connection Checking).
INFO «85021278> - Devicel LFD2NX-40: Fast Configuration

INFO «85021298> - Operation Done. No errors.

INFO «85021371> - Elapsed time: 00 min : 11 sec

INFO «85021373= - Operation: successful.

Figure6.20. Radiant Programmer Console Output after Bitstream is Programmed

18. { Sdald G KS | ! we¢ OSNYRAF W yEK Sy §y inacd JerSRYM v |-
19.t NH&@awSaoSdai G2y 2y G(GKS oyXIANIRENGA KA IKE AIKGSR A
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Figure6.21.-SW3Reset Buttonand SW4 PROGRAMtton

20,¢ KS NBadzZ# Ga 2F Nz yAy3d (KS D2t RSy D{w5 IINB a F2tf2g:
1 ¢KS Ox¢yaAdISEI NI 6A0K YSTaDadEsyRRIaNMER 6y AY
T | I NRg | 8B ([d53 K 2 & FaiANg
1 D18:Multi-boot configuration status. LED = OFF: Configuration is done. LED = ON: Configuration is in
progress.
1 D19 System PLL lock statu€D = OFF: PLL is unlocked. LED = ON: PLL is locked.
1 D20: Ethernet PLL lock statutED = OFF: PLL is unlocked. LED = ON: PLL is locked.
1 D25 and D24RGMII link speed25 =ON, D24 = ®GF 100 Mbps. Othecombinatiors of LEDndication
are undefined
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Figure6.22. LED Status

RS S S S S SR RS SR SRR R EEEEEEEEEEEEEEEEEEEEEEEEEEEE S

k& GSRD Golden Bootloader LFD2NX-40 il
RS S S S S S S RS SRR RS EEE RS EEEEEEEEEEEEEEEEEEEEEEE S
Initializing OSPI Controller...

OSPI Init Done

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC value: 2001

Calculated Firmware CRC value: 2001

CRC matches successfully !!

Jumping to FreeRTOS application ...

Figure6.23. Golden GSRBPOutput on UART Terminal for Bootloader alre-metal Application Software Sarts
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kkkhhbh bk bbb b bbb d bbb dbbbdbdbddbhbddbdbhbddbbdbdbddbbhdbbbbbddbdbddbdr

okox GSRD Golden App LFD2NX-40 okox
khkhkhkhhdhkh kb kdk bbb bbb bbb bbb bbb bbb bbb bbb bbb b bbb bddddsk
Initializing OSPI Controller...

Done

[test _erasedk prog read random] Passed !

PHY Initialization:

bmcr: 0x00002100

TSEMAC LINK SPEED: 100Mbps

auto nego adv: 0x00000101

thousand base tx config: 0x00000000

config reg3: 0x00000801

phy status: 0x00006b02

rgmii ctrl: 0x00000053

rgmii delay ctrl: 0x00000077

bmcr config: 0x00002100

model number: 0x2000a231

After set - rgmii ctrl: 0x000000d3

PHY Initialization Complete.

PHY link up.

[Task] [print rx data task] Data Received: 60

1 80c2 0 0 e fc 5¢c ee b7 7e 7d 88 cc 2 7
4 fc 5cee b7 7e7d 4 7 3 fc 5c ee b7 Te Td
6 2 ell fe 9 012 £ 1 3 0 1 0 0 fe
7 012bb 1 0 1 1 0 0 0 0

TX/RX PKT.

Figure6.24. Golden GSRPOutput on UART Terminal fdare-metal Application Software Running

21.C2fft 296 G(GKS &ISM2ad 2R pikKB2 t NAYI NE DEHSNESDizaBOB8BYR
F2NJ (KS 2f RSNJ YR FAES ylLYSao

22. ¢ KB a dzf (& 2 & NNMA MRy B{ & & SANTRGNISY RE EKE Ay

+H R

hhkkkkhk bk hdk bk bk bbb bbb hhbd bbb bbb brbhrbhdbdhkdk kb dkhhkk

ok ok GSRD Primary Bootloader LFD2NX-40 ok k
ek ko ko kK ok ko ke ko ko ek sk ok ko kb kb ko ko ok ok ko ok ok ko ko ok ok ek ok
Initializing OSPI Controller...

OSPI Init Done

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC wvalue: 69e4

Calculated Firmware CRC wvalue: 69%e4

CRC matches successfully !!

Jumping to FreeRTOS application ...

Figure6.25. Primary GSRD BootloadeOutput on UART Terminal
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hk ok ok k ko ko ko kb ok kb ok ok ok kb kb ok sk sk b ok ok ok b b ok ok ok ok ok b ok ok ok ok b b ok ke ke e ke

% e GSRD Primary App LFD2NX-40 ¥k
hkhhhk kbbb d bbb bbb dbdbd bbb dbhddbhbbbhbdbddbdbhhbbdbhbddhbdbdhdsd
Initializing OSPI Controller...

Done

[test_erasedk prog read random] Passed !
PHY Initialization:

bmcr: 0x00002100

TSEMAC LINK SPEED: 100Mbps

auto nego_adv: 0x00000101
thousand base tx config: 0x00000000
config reg3: 0x00000801

phy status: 0x00006b02

rgmii ctrl: 0x00000053

rgmii delay ctrl: 0x00000077

bmcr config: 0x00002100

model number: 0x2000a231

After set - rgmii ctrl: 0x000000d3

PHY Initialization Complete.

PHY link up.

TX/RX PKT.

TX/RX PKT.

TX/RX PKT.

TX/RX PKT.

TX/RX PKT.

TX/RX PKT.

[Task] [print rx data task] Data Received: 60

1 80c2 0 0 e fc 5c ee b7 7e 7d 88 cc 2 7
4 fc 5c ee b7 Te 7d 4 7 3 fc 5c¢c ee b7 Te 7d
6 2 ell fe 9 012 £ 1 3 0 1 0 0 fe
7 012bb 1 0 1 1 0 0 0 0

Figure6.26. Primary GSRBare-metal Application Software¢ Output on UART Terminal

6.5. Programming the Golden, Primary Softwgrand MCSle

This section demonstrates thaulti-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. C2ff2¢ LHRRM MKAN YYAWHRLIf 2yS D2t RSy 2NJ t NAYI NE D{w5
a8 A2y d 508X B LIXKALS N2 I NRP

2. YSSL) GKS T2t RSNkTAtS 2F SESOdzil ot Sa KIyReod

3. ¢2 LINE Ik YU AlGokeS? (1 yaefadiS vioxr@ad S GKS FAES Ay GKS SESOdzil
GKS FAES Ay GKS tNRINIYYAYyI FAES INBFId ¢KS {dF NI ! RRI
aSGdAyJayCrOaNg2 gy A
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10.
11.

u LFD2NX - LFD2NX-40 - Device Properties - O X

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH) ~
Port Interface: JTAG25PI b
Access Mode: Direct Programming V
Operation: Erase,Program,Verify ~

Programming Options

Programming file: l’HA/CN)(—4D,’executabIes,’muItiboot_system.mcs | | 05606

SPI Flash Options

Family: 5PI Serial Flash ~
Vendor: Micron b
Device: MT25QU128 v
Package: 8-pin 50P2 V

5Pl Programming

Data file size (Bytes): |16777030 Load from File
Start address (Hex): 0x00000000 ~
End address (Hex): 0x00FFO000 ~

[ Turn off addresses auto updating
[ Erase SPI part on programming error

[ Secure SPI flash golden pattern sectors

Cancel

Figure6.27. Device Properties Window to Setup MCS Programming File

/fxg@lthuu&ENJ YA GBWADE 32 (vedayfli KBS tYNBYBINFAVIASEYS @ 08 ¢ (KS 2
3dz00Saa¥Fdz > MmKARKyHdRt§Ea I 62 dzi

52 y200eRBSNIKS o602 NR &Sio

t N2 INF Y CeliNg YU kNS ¢ ly BB RDRE § YT LLBDADI0D AYS WREBANY SRAYVE (KS
{GryRIE2yS D2f RSy 2NJ t NAYE NE Da{sAcsui\z;\yuQauaNJs‘usv a3 dyNS ! (LALI O
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Figure6.28. UART Terminal Output after Poweycling Board with MCS and Binaries Programmed
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Figure6.29. Switches to Golden GSRIpon SW4PROGRAMN Button
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7. Compilingand Runninghe 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 bitstreamsdm the source files. The compilation process involves the following software tools for
generating the FPGA bitstream and software executable fil@sdetailsrefer tothe Lattice Software Tools
Requirementsectian.

These sections show the typical design and compildtamfor GSRIGHRDdesign.Hardware validation is performed
after the software image is built at each stage.

Table7.1. List of Actions andExpectedOutputs
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 Softwal soc_primary_gsrd_impl_1.bit
soc_golden_gsrd_impl_1.bit
Building the Hello World Program using Lattice Propel SDK and verifying tHé 818C | riscv_rtos_helloworld.elf
System Memory SoC design subsystem is built correctly riscv_rtos_helloworld.mem
Note: This action is optional

Building Bootloader binary files using Lattice Propel SDK and verifying the primary or] ¢c_primary_bootloader.mem
golden bootloader image and SoC design are built correctly c_primary_bootloader.bin
c_golden_bootloader.mem
c_golden_bootloader.bin

Building baremetal application software binary files using Lattice Propel SDK and veri c_primary_appcrc.bin
the primary or golden image and SoC design are built correctly c_golden_appcrc.bin

Generating the MultBoot MCS File and verifying the midtot functionality multiboot_system.mcs

7.1. Buildingthe GHRD SoC projeusing Lattice Propel SDahd Propel Builder
To build theGHRD SoC design using Propel Template

1. / NBFGS | F2f RSNJ F2NJ @2dzNJ LINP2SO0G 2y @2dz2NJt/ @

2. [ | dyf GBNR LISt {5Y I LILX AOIGA2y ®

Q Lattice Propel Launcher it

Select a directory as workspace

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

Workspace: Browse...

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

+ Recent Workspaces

Cancel

Figure7.1. PropelSDKLauncher
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Q Lattice Propel Launcher X

Select a directory as workspace

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

Workspace: | C\primary_gsrd

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

- | | Browse...

Launch Cancel

Figure7.2. Provide Name for the Workspace Directory
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S primary_gsrd - Lattice Propel

Rename...
Refresh
Convert Line Delimiters To

Print

x  Import...

Export...
Properties

Switch Workspace
Restart

Exit

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
New

Open File...
Open Projects from File System...
Recent Files

Alt+Shift«N > 4. Lattice 50C Design Project & - - -
3 Lattice C/C++ Project
1 Project.

| Create a new Lattice 50C Design Project i

I Source Folder
5 Folder
¢ Source File
n/ Header File
! File from Template
& Class

| Example..

™ Other. Ctrl+N

Alt+Enter

»
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Figure7.3. Creating Lattice SoC Design Project
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% 5oC Project [m] *
Create SoC Project —
Create 50 project of selected template ’_
Project name: soc_gelden_gsrd
B Use default location
Location:  C:\Work\GSRD3.0\Beta_Release\CNX-40\hw\SoC\soc_golden_gsrd Browse...
Choose file systemn:  default
Language: Verilog ~
Board Select
Lattice Sentry Deme Board for Mach-NX (256)
Lattice Sentry Deme Board for Mach-NX (484)
MachXO3D PFR Demo
Template Design

} Golden Hardware Reference Design (GHRD] for Certus-MNX
Device

Components included:

a) Processor - RISC-V MC CPU Core

b} Q5P| Flash Controller

c) Tri-5peed Ethernet MAC, Scatter-Gather DMA

d) AHBL Interconnect, APB Interconnect, AHBL to APB
Pridne A¥1A +n AHRI Rridne AHRI +n A%I4 Rridne

Cancel

@

Figure7.4. SoC Project Window

fdzyOKS@2 2K Slayi RBLIELRR . B8R3N 01 &
SN GSa GKS 15[ FAtSa F2NILta Ayadalt

o O

FRgal - |
Desian View
T concats

pu_ck_rst_sync_inst

0 athpllinst

T eth gl lock led inv

B cthsgdma jmt
eth tsemae,inst

2 irq_s0_cdeinst

i s1_cde_inst

i 52_cde_inst

»
»
b

<3 cde st
irq o4 ede inst
i 55_ede inst
g 56.cde_inst

»
»
»

Companent Location; <
«
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Figure7.5. Launched SoC in Propel Builder

>
ax
o
—_
am (N

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asvsnethtiicesemi.com/legal

All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatitfosraation herein are subject to change without notice.

FPGARD023231.0

59


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v1.0 for éXievices

Reference Design ' ....LATT’CE

7. 1t A®BISAaVEY B £ I2WROGGEOBTI RFY KA IKI ATKISR Ay 4O0ONBSYy&akzi

File Edit View Design Tools Window Help

ocEBA NCHEAS B

Blz-hocmuns eaaa BR

Figure7.6. Validate Design in Propel Builder

S, ZYdizééJKajd%f R aa SRt F L HEMGRRNI & y¢ KB EM2R f 26 A Y
S o)

Tcl Console

% sbp_desion drc
INFO <235
INFO <235
INFO <235

Figure7.7. TCL Console Output after Validating Design
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File Edt View Design Tools Window Help
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Figure7.8. Generate in Propel Builder
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Tel Console

% sbp dE:u.B‘l pge sge -i {C: \Wuxk\‘SSRDS O\Eeta RElEe.sE\CNX 40\hw\SeC\soc gulwle'1 gsrd\soc_golden_gszd/soc_golden gsrd.skx} -o {C:/Work/GSRD3.0/Beta_Release/CNX-40/hw/SoC/soc_golden_gszd/soc_gelden gszd/../} -nc ]
(®c E

INFO <2350

(BGE FileEwistence) No available driver for fpga_config

INFO <2359552> - (PGE FileExistence) No available driver for watchdog_timer
%

Figure7.9. TCL ConsolBrintout after Generating Design
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Figure7.10. sys_env.xml File Created

/| K/ bb

GKSIFBNREBSOY RYN
LINE2SOG F2N
aSOiArzyao

SEG

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. /fA01 GKS wrkrRAIFYydG A02y FNRBY t NRLISE

C AAERRES NJ | 2

f I dzy OK

File Edit View Design Tools Window Help

= & B KA & »’FE@I_E

-

O

QQQQQ Bl

Figure7.11. Run Radiant Icon
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2. ¢KS wlRAIFIYU 6AYR2¢ 2F e2¥aN0IA0RNEC SO0 Ad I dzyOKSR |'a &aKk:
Lattice Ra = [m] x
File Edit View Project Tools Window Help
o-E=-B O area IR YL @@NEENERESGORERESBSHE
P I simthesize Design B Mepoesign & Ploce & Route Design B eporties
Q= Find Text... [t ) Start Page 1 Report Browser It
~ [E soc_golden_gsrd & Reports )
Y e Soc_golden gsrd Project Summary
[£] Area Part Number: LFD2NX-40-8BG256C Performance Grade: & High-Performa
) timing » Synthesis Reports
[ Strateart Synthesis: Synplify Pro Top Module: soc golden gsrd
1 Strategy
+ 79 impl1 (Synplify Pro) 4 Map Reports Timing Errors: 1P Number: 31
~ 1 Input Files Project File: €:/Work/GSRD3.0/Beta_Release/CNX-40/hw/'SoC/soc_golden_gsrdfsoc_golden_gsrd.rdf

~ [} soc_gelden_gsrd/lib/latticesemi.com/mod.
» (1 RITL Files
mac_te_clk_rst_sync.cfg

~ [} soc_gelden_gsrd/lib/latticesemi.com/modt

Place & Route Reports

Export Reports

Implementation Location

C:/Work/GSRD3.0/Beta Relesse/ChX-40/hw/SeC/soc golden gsrd/impl 1

»

3

RTL Files

Constraint Files

{F soc_golden_gsrd - soc_golden_gsrdx

% tsemac_bc_axis_fifoftsemac_be_axis_fifo_inst) - t.
% tsemac_nc_axis_fifoftsemac_nc_axis _fifo_inst) - t.
£ system_uart(system_uart_inst) - system_uart
T} system_ospi_fc(system_ospi_fc_inst) - system_o..,
I} system_ic(system_ic_inst) - system_ic

T system_gpio(system_gpio_inst) - system_gpio.v
T system_clk_pli(system_clk_plLinst) - system_clk...
I} system_boot_mem(system_boot_mem_inst) - 5.
% sys_elk_rst_sync(sys_clk_rst_sync_inst] - sys_clk_..
{1 sgdma_mm_axi4_to_shbl_bridge(sgdma_mm_a...
1 sgdma_bd_axi4_to_ahbl_bridge(sgdma_bd_axid...
I riscv_cpu_wdt{risev_cpu_welt_inst) - riscv_cpu_.

I} riscv_cpulriscv_cpu_inst) - riscv_cpu.sv

Ik perip_clk_rst_sync(perip_clk_rst_sync_inst] - peri...
I} ospi_ahbl_to_axi4 bridge(ospi_shbl_to_axi4_bri.
1} mdiofmdio_inst) - mdio.x

b £% mac be clk rst svnclmac b clk rst svnc inst) -..
O File List E] Source Template =] IP Catalog

Tel Consale

= output

IF Find Results

E? Message

» Misc Reports Bescucelsaoe
LUTa: 0732256 (0.000%) 10 Buffers: 07185 (0.000%)
J PFU Register: 0/32256 (0.000%) EBR: 0/24 (0.000%)
-
Constraints Dropped Summary
Synthesis: o Post Synthesis ] .
1 B
> source "C:/Work/G3RD3.0/Beta_Release/CHX-40/hw/50C/soc_golden_gsrd/radiant_setup_template,tcl” 2 ox
>

Figure7.12. Lattice Radiant Window
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» Input Files
hd Pre-Synthesis Constraint Files
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~ Post-Synthesis Constraint Files

soc_golden_gsrd.pdc

Debug Files
Script Files
Analysis Files

Programming Files

Figure7.13. Lattice Radiant Window

4. ¢ KiSt I 9R2 dZI EN2AB&E B R TRvNT SiakdsA yp3

b2 0,2z OFy dzLJRI GS

LJ N& K 2 dzt
04 RANSDB

7]
a 0

KRB A&INB QS DD !
02 NEO®

(1KSaS TAMARGS NS | LS NIBIYISYAING O H R HIS0S NIE

§KS wikRAFY(Gd @G22t YAIK(Gl pMRRAzES REE et ANFAyIa yR LI I OS
Strategies - Strateg
Description:
Process All * | Default
- Synthesize Design Nan:e Type Value
Constraint Propagation Command Line Options Text
Synplify Pro . . . .
. LSE Disable Aute Hold Timing Correction TF
. Disable Timing Driven TF
RTL Design Rule Check
- Post-ynthesis Impose Hold Timing Correction TF
Post-Synthesis Timing Analysis Multi-Tasking Node List File
- Map Design Mumber of Host Machine Cores MNum 4
Map Timing Analysis Pack Legic Block Utility [blank or O to 100] Num
~ [=] Place & Route Design Path-based Placement List On
Place & Route Timing Analysis Placement Iteration Start Point Mum |1
10 Timing Analysis Placement Iterations [0-100] MNum 10
Timing Simulation Placement Save Best Run [1-100] Mum 1
Bitstream Prioritize Hold Correction Over Setup Performance  T/F
Run Placement Only TF
Set Speed Grade for Hold Optimization List m
Set Speed Grade for Setup Optimization List Default
Stop Once Timing is Met T/F
oK Cancel Help
Figure7.14. Strategy Used for CertullX GSRD Testing
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Figure7.15. Generating the Bit File
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Figure7.16. Successful Radiant Flow and Bitstream Generation
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a. In Lattice Radiant software, go Ryoject > Active Strategy > Place & Route Design Settings

b. ChangePlacement Save Best Rfiom 1 to10. Thisforces thetool to run each iteration and increase runtime.

c. Unchecked2op Once Timing is Mebption.

d. ClickOK

e. Click orExport Files
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7.3. Building theHello World Progranusingthe Lattice Propel SDKOptional)

For quick start on SoC bmot up, you @ncreate 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. / NBFGS | F2t RSNJ F2NJ &2 dzNISEINRPB Qi R2y @2dzNJ t/ & C2NJ SEF
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New Alt+Shift#N > 4. Lattice SoC Design Project ®:@ & -
Open File... {1 Lattice C/C++ Project
(3 Open Projects from File System... 9 Project.. |{ reate a new Lattice C/C++ Project
Recent Files 6% Source Folder
Close Editor Ctrl+W —‘ Folder
Close Al Editors Ctrlshiftew | & Source File
= n Header File
s Crl+5 [ File from Template
Save As.. & Class
Save All Ctrl+Shift+5 | _ E |
Revert ™ Example..
5 Other.. Ctri+N
Mowe...
™ Rename.. F2
&1 Refresh F5
Convert Line Delimiters To
Print... rl+P
g Import..
3 Export.
Properties Alt+Enter
Switch Workspace
Restart
Exit
Figure7.17. Creating Lattice C/C++ Project for Hello World
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:: C/C++ Project O X
Load System and BSP |_=-<\
Load lattice system environment file and BSP package et |

Select system environment file and BSP package

System env: | C\Certus-NX\soc_gsrd_cnx\sge\sys_envxml Browse...

Select processor core to create C/C++ Project

Core selected: riscv_cpu_inst ~

Project type: C ~

System information

Device Family CPU Name Instance Name

LFD2MX riscv_mc riscv_cpu_inst

Select Example Application

GSRD CNX Application Example-HelloWorld-blink-

GSRD CNX Bootloader uart

Mtimer Project 1.Led blink

Hardware Interrupt Project The corresponding SoC
project should include gpio
instance.

Project name: riscv_mc_helloworld

B Use default location

Location: CACertus-NX\riscv_mc_helloworld Browse...

Choose file system: default

[) Build the project
& Create a debug launch configuration for OpenOCD

@ < Back Finish Cancel

Figure7.18. Hello World, C/C++ Selection
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3% C/Cr+ Project

Lattice Toolchain Setting
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Lib Setting C/C++ Compiler C/C++ Linker

(O No default libraries (-nodefaultlibs)
O Newlib
(O Newlib-nano (--specs=nano.specs)
(@ Picolibc (--specs=picolibc.specs)
Printf Level
(@ Integer only printf (-DPICOLIBC_INTEGER_PRINTF_SCANF)
(O Float printf (-DPICOLIBC_FLOAT_PRINTF_SCANF)
O Full printf (-DPICOLIBC_DOUBLE_PRINTF_SCANF)
System Library
@ Default
(O Semihasting (--oslib=semihost)
(O Dummyhosting (--oslib=dummyhost)

"\?_:' < Back Mext >

Cancel

Figure7.19. C/C++ Lattice Toolchain Setting
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Figure7.20. Hello WorldC Project Created
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) Includes New >
v B src Go Into
&bsp Open in New Window
ih device_info.h ShowIn Alt+ShiftsW >
lg main.c =
W platform_initt Copy Crl+C
Paste Ctri+V
i€ utils.c
& ® Delete Delete
ih utils.h = =
B cpusvd Remove from Context Ctri+Alt+Shift+Dow
u.
= P Source >
) cpuyaml PR
W linker.ld e
% Rename... F2
! sys_env.xml
¥ riscv_rtos_hellows & Import...
5 Export..
Build Project
Clean Project
Refresh F5
Close Project
Close Unrelated Project
Build Configurations >
Build Targets >
Index >
QO RunAs >
1 Debug As >
Profile As >

Restore from Local History...
Create Lattice Application Template
Update Lattice C/C++ Project...

%" Run C/C++ Code Analysis

Team >

Compare With >

Configure >

Source >
~ Validate

Properties Alt+Enter

Figure7.21. BuildHello WorldProject

8. ¢KS 02y42f{S 2dAKeHYAAWRSB 5L I 8SR | &

[& Problems ) Tasks | © Console X [ Properties & Terminal x| & G5 BEE %EF "0~
CDT Build Console [riscv_rtos_helloworld]

Invoking: GNU RISC-V Cross Create Listing
riscv-none-embed-objdump --source --all-headers --demangle --line-numbers --wide "riscv_rtos_helloworld.elf" > "riscv_rtos_helloworld.1lst”
Finished building: riscv_rtos_helloworld.1st

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "riscv_rtos_helloworld.elf"
text data bss dec hex filename
5640 24 3724 9388 24ac riscv_rtos_helloworld.elf
Finished building: riscv_rtos_helloworld.siz

Invoking: Lattice Create Memory Deployment

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

Finished building: riscv_rtos_helloworld.mem

16:90:22 Build Finished. @ errors, @ warnings. (took 15s.1ms)

Figure7.22. Hello World,ProjectBuild Console Output
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10.hy OS (GKS o0AGAGNBIY A& o0dzAfd 6AGK GKS ImSRHNR 2{2tNI RF {LINRK
G§S&a0AYy3Id C2NJ LINE ANI YUVRRSNE INY YA FRESt F¥ S BTt REFSANI 2 NA Y
FyYyR ! LILX A OLaiSxCaiya 2{y2 T i ¢ | NB

11.hy OS LINBINI YYAYy3TI AyiG2 GKS FflaK Aa O2YLX SGSRX L322 g SN
| Stft2 22NIR LINR2SOG®

You mussee theHello Worldnessage as shown Figure7.23
12. C A IaNgs

Figure7.23. Hello World C Program
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7.4. Building theBaremetal Bootloader using Lattice Propel SRrimaryand

Golden)
Once the Hello World program is workirygu can proceed to build the Bootloader binary files:
1. / NBFGS I F2f RSNJ F2[NI dp2 @A) LI 2tSNRI©IRTY {£2\WzND tILIDPA OF G A2y

2. t N2OSSR (2 UGUKS tNRCWES{bYbBayR2pwilisa®O1/ Rrybb t NR22SOIl

‘ {3 primary_gsrd - Lattice Propel

| File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
New Alt+Shift+N > 4. Lattice SoC Design Project
Open File.. Lattice C/C++ Project
. Open Projects from File System.. Project...
Recent Files ) Source Folder
Folder
¢ Source File

n Header File

File from Template
@ Class

Example...

] Other.. Ctri+N

Figure7.24. Creating Lattice C/C++ Project for Bootloader
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{33 C/C++ Project O X

Load System and BSP p—>

Load lattice system environment file and BSP package

Select system environment file and BSP package

System env: | C\Certus-NX\soc_gsrd_crx\sge\sys_envxml Browse...

Select processor core to create C/C++ Project

Core selected: riscv_cpu_inst

Project type: C

System information

Device Family CPU Name Instance Name

LFD2MNX riscv_mc riscv_cpu_inst

Select Example Application

GSRD CNX Application GSRD-CNX-Bootloader
GSRD CNX Bootloader

1. Initializes GPIO, UART
Hello World Project 2. Configures LPDDR4 MC
Mtimer Project 3. Configures OSPI Flash
Hardware Interrupt Project Controller

4. Configures Ethernet PHY
over MDIO interface

Project name: c¢_primary_bootloader

B Use default location
Location: CA\Certus-NX\c_primary_bootloader Browse...
Choose file systerm; default

(] Build the project
@ Create a debug launch configuration for OpenOCD

® < Back Finish Cancel

Figure7.25. Bootloader C/C++ Selection
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3% C/Cr+ Project

Lattice Toolchain Setting

Configuration: Debug

Lib Setting C/C++ Compiler C/C++ Linker

(O No default libraries (-nodefaultlibs)
O Newlib

() Newlib-nano (--specs=nano.specs)
(@ Picolibc (--specs=picolibc.specs)

Printf Level
(@ Integer only printf (-DPICOLIBC_INTEGER_PRINTF_SCANF)

(O Float printf (-DPICOLIBC_FLOAT_PRINTF_SCANF)

O Full printf (-DPICOLIBC_DOUBLE_PRINTF_SCANF)
System Library

@ Default

QO Semihosting (--oslib=semihost)

(O Dummyhosting (--oslib=dummyhost)

Cancel

&) < Back Mext =

Figure7.26. C/C++ Lattice Toolchain Setting

5, ¢KAAa f2FRa GKS 0220f2F RSN CINZ®RSOI Ay (GKS g2N] aLl O0S I
ﬁ prirnary_gsrd - Lattice Propel
File Edit Source Refactor Navigatd
0O~ ?E':“%'illll._lii'rl
(s Project Explorer x = 0
] 7 B
= ¢_primary_bootloader
= soc_primary_gsrd
Figure7.27. Bootloader C Project Created
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54 /* Set for GOLDEN OR PRIMARY build */
55 #define _PRIMARY_BUILD_

Figure7.28. Primary Build Defing; Set _PRIMARY_BUILD__ for Primary Binlchain.c

KS 0O@MINEYRRBIO 2 Y i NRIEARBIHIENMS Y O NBE yloy2Re (af S SN

04

o [N
[«NNVp}

SEITES
®dt NB e

1 Project Explorer X =8

e

& c_primary_app
=% c_primary_bootlo: *

>
e soc_primary_gsrd Mewn

Go Into

Open in New Window
Show In Alt+Shift+W >

Copy Ctri+C
Paste Ctri+V
X Delete Delete
Remaove from Context Ctrl +Alt+Shift+LC
Source >

Rename... F2

Build Project | Incremental Build of Selected Projects l
Clean Project [

Figure7.29. Build Bootloader Project

8. ¢KS O02ya2f$ 2dzi LIdz§yCABTBRIB LI  8SR & aK26Yy A

Building target: c_primary_bootloader.elf

Invoking: GNU RISC-V Cross C Linker

riscv-none-embed-gcc -march=rv32imc -mabi-ilp32 -msmall-data-limit-8 -mno-save-restore -02 -fmessage-length-@ -fsigned-char -ffunction-sections -fdata-sections -T
"C:f1scc/propel/2825.1/workspace_cnx/c_primary_bootloader/src/linker.1d" -nostartfiles -Wl,-Map,”c_primary_bootloader.map" --specs=picolibc.specs -DPICOLIBC_INTEGER_PRINTF_SCANF -o
"c_primary_bootloader.elf" ./src/bsp/driver/uart/uart.o ./src/bsp/driver/tse_mac/ethernet.o ./src/bsp/driver/sgdma/sgdma.o ./src/bsp/driver/riscv_mc/cache.o ./src/bsp/driver/riscv_mc/crt@.o
./src/bsp/driver/riscv_mc/debug.o ./src/bsp/driver/riscv_mc/exit.o ./src/bsp/driver/riscv_mc/interrupt.o ./src/bsp/driver/riscv_mc/iob.o ./src/bsp/driver/riscv_mc/pic.o
./src/bsp/driver/riscv_mc/reg_access.o ./src/bsp/driver/riscv_mc/timer.o ./src/bsp/driver/riscv_mc/util.o ./src/bsp/driver/octal_spi_controller/octal_spi_controller.o ./src/bsp/driver/gpio/gpio.o
./src/bsp/reg_test.o ./src/crclb.o . fsrc/debuglib.o ./src/main.o ./src/utils.o

Finished building target: c_primary_bootloader.elf

Invoking: GNU RISC-V Cross Create Listing
riscv-none-embed-objdump --source --all-headers --demangle --line-numbers --wide "c_primary_bootloader.elf" > "c_primary bootloader.lst"
Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "c_primary_bootloader.elf"
Invoking: Lattice Create Memory Deployment
riscv-none-embed-objcopy -0 binary --gap-fill @ "c_primary_bootloader.elf” "c_primary_bootloader.bin"; srec_cat "c_primary_bootloader.bin™ -Binary -byte-swap 4 -DISable Header -Output
"c_primary_bootloader.mem” -MEM 32
text data bss dec hex filename
12580 28 3320 15928 3e38 c_primary_bootloader.elf
Finished building: c_primary_bootloader.siz

Finished building: c_primary_bootloader.lst

Finished building: c_primary_bootloader.mem

@9:43:58 Build Finished. @ errors, 5 warnings. (took 8s.885ms)

Figure7.30. Bootloader Build Project Console Output
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= C_primary_bootloader
¥ Binaries
Includes
5 src
Debug
Src
% c_primary_bootloader.elf - [riscv/le]
¢_primary_bootloader.bin
c¢_primary_bootloader.ist
] c_primary_bootloader.map
[ ¢_primary_bootloader.mem
makefile
objects.mk
sources.mk

x| c_primary_bootlioader.launch

Figure7.31. Bootloader Binary Created

10.' LIRFGS (GKS &d2adSY YSY2NE O2KiBiyKI® & ERIGBRINDY h F SRIA VT 2 NE
AYTF2NFI GAZY
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#define _GOLDEN_BUILD_

Figure7.33. Golden Build Defing Set  GOLDEN_BUILD_ for Golden Builehain.c
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7.5. Building the Baremetal Application Softwareusing Lattice Propel SDK
(Primaryand Golden)

To build the baremetal application softwarausingPropel SDK, perform the following:

1. {AYAf I NI &I WBNB (S LIS OF i N2 ¢ S@iad BR NBRd

[«N
(et
>

B [®d

Pony
L

_i primary_gsrd - Lattice Propel

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help

New
Open File...

. Open Projects from File System...
Recent Files

Alt+Shift+N >

“

G

| Other...

Lattice SoC Design Project
Lattice C/C++ Project

Project...

L( reate a new Lattice C/C++ ';.rr_,er:]

Source Folder
Folder

Source File
Header File

File from Template
Class

Example...

Ctri+N

2. Ly {G&XfSS Ol

C A IaNds

Figure7.34. Creating C/C++ Project ftware-metal application software

=

9EIl YL &S f CB{Dai5A @K ALANR 2 SO U @

t N2 OARS UKS

Figure7.35. FreeRTOS C/C++ Selection

3% C/C++ Project O X |
Load System and BSP —
Load lattice system environment file and BSP package
Select system environment file and BSP package
System env: | Chlscc\propel\2025.1\workspace_crx\soc_primary_gsrd\sge\sys_env.xml v Browse...
Select processor core to create C/C++ Project
Core selected: |riscv_cpu_inst -
Project type: | C hd
System information
Device Family CPU Name Instance Name
LFD2NX riscv_mc riscv_cpu_inst
Select Example Application
GSRD CNX Application GSRD CNX Application Ll
GSRD CNX Bootloader
Hello World Project 1. Configures UART and GPIO
Mtimer Project 2. Configures TSE MAC
Hardware Interrupt Project 3. Configures SGDMA
4, Sets up TSE MAC Ethernet Raw Packet
5. Runs Application within while loop o~
Project name: | ¢_primary_app|
Use default location
C:\Iscc\prope\2025.1\works cn\c_primary_app Browse
default
[ Build the project
Create a debug launch configuration for  OpenOCD
@ < Back nish Cancel

O«
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b2UeSKA 4 A& | Yhydzt &0GSL) €2dz ySSR 2 LISNF2N¥oe ! FGSNI &
OND Y I RR YIRSENERH IFERIY NB f & IKE & Fiithdb
v &5 c_primary_app

w Includes

v (B src
& bsp
igl crcl16.c
i crc16.h
ie] debuglib.c
[n debuglib.h
i ethernet_frameh
[ main.c
in TI_DP83867.h
ie] utils.c
h utils.h
@ cpusvd
9 cpuyaml
[@ crc_add_debug.txt
[ crc_add_release.txt
A linker.ld
123 sys_envxml
X| c_primary_app.launch

Figure7.36. Baremetal Application SoftwareProject Created

4. ¢2 | P2AR Fye O2yTdasRNiES a 2R i KSy LDLINANGG BRENBIOED BBD 2

v 15 c_primary_app
¥ Includes
v (@ src

= bsp
18 cre1bie
b crc16.h
il debuglib.c
i debuglibh
i ethernet_frame.h
& main.c
W TI_DP83867.h
i€ utils.c
in utils.h
B cpusvd
3 cpuyaml
[0} crc_add_debug.txt New
[ crc_add_release.tx
W linker.ld
12 sys_env.xml

¥ c_primary_app.launcl =1 Copy

Figure7.37. Copy the CR&nd Add Fles

Open
Show In
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-3 Project Explorer x =
v IS ¢_primary_ag
wl Includes

& src
¥ ¢_primary Open in New Window

New
Go Into

& ¢_primary_b Show In
& soc_primary_ [ Copy
T Paste

K Delete -
_ | Paste

Solres

Figure7.38. Paste inBare-metal Application CProject
6. ¢ KS TAKEIRA v 2 alzyIRFEMNS RviSSi G NBJIL) / LWICRISMDE a4 aK2sy A

« Igh c_primary_app
il Includes
2 sre
% ¢_primary_app.launch
i cre_add_debug.txt
[ crc_add_release.bet
[} nocrc_add_debug.txt
[ nocrc_add_release.txt

~ I% c_primary_app
nl Includes
& src
¥ ¢_primary_app.launch
I crc_add_debug.bxt
[l cre_add_release.txt

Figure7.39. Copied Text Files
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4 /* Set for GOLDEN OR PRIMARY build
55 #define _PRIMARY BUILD_

Figure7.40. Primary Build Define; Set _ PRIMARY_BUILD _ for Primary Binldchain.c
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. gre.add debug X

3

6-fill OxFF Ox000 0x6000
7 -crop 0x000 @x5ffe

9 -crop 9x5ffe 0x6000
10

13 -fill OxFF 0x000 @x5ffe
14

15# generate a Binary file

A#first: create CRC checksum
5 ..\Debug\c_primary_app.bin -Binary

11#second: add application file
12 ..\Debug\c_primary_app.bin -Binary

1'# srec_cat command file to add the CRC and produce application file to be flashed
2# Usage: srec_cat @filename

# fill code area with Oxff
# just keep code area for CRC calculation below

8 -CRC16_Big_Endian @x5ffe -CCITT  # calculate big endian CCITT CRC16 at given address.

# keep the CRC itself

# fill code area with @xff

16 -0 ..\Debug\c_primary_appcrc.bin -Binary

Figure7.41. Update crc_add_debug.txt

9. h LISy [ & « SFSANGPSORF INRAYY IONE ¢ | LILJ

<1 Project Explorer X -k

BES® YT 8
» &5 c_golden_app
» % c_golden_bootloader
~ 15 c_primary_app
» Wit Includes
v B src
& bsp
» 1€ erclbe
» W ere16h
» Ig debuglib.c
[ debuglib.h
+ | ethernet_frameh
> [ mainc
> [W TI_DP83867.h
> g utilsc
5 utilsh
B cpusvd
= cpuyaml
[ crc_add_debug.txt
I crc_add_release.txt
Bl linker.id
0 sys_envxml
X ¢_primary_app.launch
[} ere_add_debug.tet
[} crc_add_release.txt
&5 c_primary_app_cnx
» = ¢_primary_bootloader
> 3 soc_primary_gsrd

Tl Linker >

Linker Script: linker.ld

Available Memory Regions

Name Attributes  Base Address Size

system_boot_mem_inst W 0xB0008000 0x8000

STACK and HEAP Size

HEAP_SIZE: | 0x0100

STACK_SIZE: | 0x0A00

Section to Memory Region Mapping

CODE: |system_boot_mem_inst ~
DATA:  system_boot_mem_inst

Section Name Memory Region

text systern_boot_mem_inst
ctors system_boot_mem_inst
«dtors system_boot_mem_inst
rodata system_boot_mem_inst
data system_boot_mem_inst
bss system_boot_mem_inst
heap systerm_boot_mem_inst
stack system_boot_mem_inst

10.! LRFGS GKS

a 9 a h wn ngnNiEh DINRNBNB 14 £4

Figure7.42. Open Linker.Ld File
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~ z 7z

5 Project Explorer X =k § = O ||RfLinker X

1/* Lattice Generated linker script, for normal executables */

1 0x0;

9xA00;

| len = 0x20000

~ 5 c_primary_app
W Includes 2
v @ sc :ENTRV (_start)
Y.t 5_HEAP_SIZE = DEFINED(_HEAP_SIZE) ? _HEAP_SIZE
W crives 6_STACK_SIZE = DEFINED(_STACK_SIZE) ? _STACK_SIZE :
[® riscv_errors.h ;
In sys_platformh 8MEMORY
& FreeRTOS-Kemel 9{
19 board.c 10 sysmem@_inst (rwx) : org = ZRGI
[ boardh 11}
i FreeRTOSConfigh f‘ SECTIONS
€ mainc 14
[ osc 15 /* CODE */
1S 0sASM.S 16 .text : ALIGN(4)
B osmacroh 17 {
[ vector.S 18 ;;(t);;l;;(.; " )
19 _sprof = .);
22"“'“' 26 KEEP (*(SORT(.crt*)))
= Puyan 21 *(.text .text.* .gnu.linkonce.t.*)
0 crc_add ot 22 KEEP (*(.init))
R linker.ld 23 KEEP (*(.fini))
@ nocrc_add.txt 24 . = ALIGN(4);
2 sys_envxml 25 _etext = .;
% c_primary_app.launch j‘j } >sysmem_inst
7
B arcadd.oa 28 .gprof : ALIGN(4)
@ nocrc_add.txt 2 {
& c_primary_bootloader 30 PROVIDE (_s_part_prof = .);
&3 soc_primary_gsrd 31 KEEP (*(.gprof))
32 . = ALIGN(4);
PROVIDE (_eprof = .);
} >sysmem@_inst
.ctors : ALIGN(4)
_ctors_start = .;
KEEP (*(.init_array*))
KEEP (*(SORT(.ctors.*)))
KFFP (*(_ctors))
Overview | linker.ld

Figure7.43. Update Linker.ld File

1.t NBAIANI 2ba48 0SS (KS Q& Fa@SHE | a

12.. ST2NB ONBI (G Oy WBIIK S 4 ALINENES GOZRIGBIN 1SRRI Y | LINERYL- SLAL]
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1 Project Explorer X

I C_primary_app
=5 c_primary_bootloader
2 soc_primary_gsrd

Figure7.44. Workspace
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13.Ly Ol &8
14./ f A Gl y2y3$

ez2dz 6AaK

fin Project Explorer, X
15 c_primary_apg
15 c_primary_bo¢

@ soc_primary.g Go Into

Show In
& Copy

Paste

% Delete

Source
Move.

Rename.

s Import..
4 Export..

Clean Pr
Refresh

Index
Run As

# 0

Team

Source
¥ Validate

Build Project

oject

Close Project
Close Unrelated Projects

Build Configurations
Build Targets

Debug As
Profile As
Restore from Local History...

Create Lattice Application Template
Update Lattice C/C++ Project...

%" Run C/C++ Code Analysis

Compare With
Configure

Properties

Open in New Window

Remove from Context

Open Properties Dialog 2

Alt+Shift+W >
Ctri+C
Ctrl+V
Delete
Ctrl+Alt+Shift+Down

Figure7.45. Properties

2

| 2 Y F K RSIENSST

ONBI GS

A

et

WS {

I NS/ 5 3. SdzF @

bivetike Wrdry)

¢
P
G

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asvsnethtiicesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificativiosraation herein are subject to change without notice.

FPGARD023231.0

78


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v1.0 for eXiBevices .l.lLATT’CE
Reference Design

183 Properties for c_primary_app O >
type filter text Settings - - §
Resource
Builders :
v C/C++ Build Configuration: | Debug [ Active ] ~ | Manage Configurations...
Build Variables
Environment -
Logging #* Build Steps Build Artifact j Binary Parsers @ Error Parsers S
Settings Pre-build steps
Tool Chain Editor Command:
C/C++ General | -
MCU —
Project Natures Description:
Project References L o
Run/Debug Settings Po S c_primary_app: Manage Configurations X
SystemVerilog Projec -
Task Tags C_° Configurati.. Description Status | 4
Validation Active -

|| set Active| | New.. Delete Rename..
Cancel

Restore Defaults Apply

@ Apply and Close Cancel

Figure7.46. Set Release as Active Configuration

PN

15.D2 /k2 bb . dZAf R B {ISYiRAgREIR { RN (08 LBl HRR 2KEFR O2YYIl YR
0SSt 26 FT2NJ &2dzN) NKFHENSEHEMISASDI0HE f R a
C2NJ2A¥y¥ RaeaitsSyy
srec_cat.exe "@ .. \crc_add debug.txt"

srec_cat.exe "@.. \crc_add release.txt"

C2NJ [ AydzE ae&aiasSvyy
srec_cat"@.. /crc_add_debug.txt"

srec_cat"@.. /crc_add release.txt"
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0% Properties for c_primary_app O x
[ ype filter text Settings Sov v B
> Resource
~
Builders
v C/C++ Build Configuration: |Debug [ Active] ~ | | Manage Configurations...

Build Variables
Environment

Logging ) Tool Settings 9 Toolchains M Devices # Build Steps Build Artifact Binary Parsers | * | *
Settings
Tool Chain Editor Pre-build steps
» C/C++ General Command:
Git | v|
s ey Description:

Project Matures

Project References |
Run/Debug Settings .
SystemVerilog Project Props Post-build steps
Task Tags Command:
» Validation | srec_cat.exe "@.\crc_add_debug.tet" v|
Description:
| 7]
< > v
® Apply and Close Cancel

Figure7.47. Adding Post Build Step for Baiaetal Application CRC Binary Apped/indows)

% Properties for c_primary_app O X
Settings Svvh
v Resource N
Linked Resources
Resource Filters Configuration: |Debug [ Active ] ~  Manage Configurations...
Builders
v C/C++ Build 5
Build Variables i Tool Settings ¥ Toolchains B Devices 4 Build Steps Build Artifact Binary Parsers | * | *
Environment Pre-build steps
Logging Command:
Settings
Tool Chain Editor | ~]
> C/C++ General Description:
Git \ v
> MCU )
Project Natures Post-build steps
Project References Command:
Run/Debug Settings w ‘
SystemVerilog Project Description:
Task Tags V‘
> Validation
< > v
®

Figure7.48. Adding Post Build Step fdaremetal Application CRC Binary Append (Linux)
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16. C2[NU Yy dzE EIFRMHBY zi KS IINEEKNASLING KiAzy YOIKISOK [ Ay dzE LI 0K F2 NXYI

k srec_cat command file to add the CRC and produce application file to be flashed
2# Usage: srec_cat @filename

A#first: create CRC checksum
5 ..\Debug\c_golden_app.bin -Binary

6-fill OxFF Ox000 0x6000 # fill code area with oxff

7 -crop @x000 Ox5ffe # just keep code area for CRC calculation below

8 -CRC16_Big_Endian @x5ffe -CCITT # calculate big endian CCITT CRC16 at given address.
9 -crop @x5ffe Ox6000 # keep the CRC itself

10

11#second: add application file

12 ..\Debug\c_golden_app.bin -Binary

13 -fill @xFF @x008 ox5ffe # fill code area with oxff
14

15# generate a Binary file

16 -0 ..\Debug\c_golden_appcrc.bin -Binary

Figure7.49. Update the CRC script to match Linux path format

17./ t A0 & IR /248
18. wA B (A @Y LANK Y [ENERp FQ0EzO | R20y NB 2 SOl

L Project Explorer > ERY §=0O
1= c_primary_a——
I c_primary_b 20 ’
& soc_primary Go Into
Open in New Window
Show In Alt+Shift+W >
B Copy Ctrl+C
[ Paste Ctri+V
X Delete Delete
Remove from Context Ctrl+Alt+Shift+Down
Source >
Move...
Rename... F2
s Import..
3 Export.
Build Project Incremental Build of Selected Project:
Clean Project
Refresh F5
PN

Figure7.50. Buildc_primary_app C/C++ Project

19.¢ KS O2yaz2t$S 2dzi LIdz§yCAATWRR® 4 L)X @SR & &K2gy A
b2 %K3 NgaO¥daS AIy2NBROD

Building target: c_primary_app.elf

Invoking: GNU RISC-V Cross C Linker

riscv-none-embed-gcc -march=rv32imc -mabi=ilp32 -msmall-data-limit=8 -mno-save-restore -08 -fmessage-length=8 -fsigned-char -ffunction-sections -fdata-sections -T "C:/lscc/propel/2025.1/workspace_cnx/c_primary._
Finished building target: c_primary_app.elf

Invoking: GNU RISC-V Cross Create Listing
riscv-none-embed-objdump --source --all-headers --demangle --line-numbers --wide "c_primary_app.elf" > "c_primary_app.lst™
Finished building: c_primary_app.lst

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "c_primary_app.elf”
text data bss dec hex filename
18184 124 14292 32600  7f58 c_primary_app.elf
Finished building: c_primary _app.siz

Invoking: Lattice Create Memory Deployment
riscv-none-embed-objcopy -0 binary --gap-fill @ "c_primary_app.elf" "c_primary_app.bin®; srec_cat "c_primary_app.bin" -Binary -byte-swap 4 -DISable Header -Output “c_primary_app.mem” -MEM 32
Finished building: c_primary_app.mem

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

10:15:33 Build Finished. @ errors, 14 warnings. (took 19s.997ms)

Figure7.51. Baremetal Application Build Project Console Output
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20, C KOBWBI 6S&a GKS RSO0dzZ F2f{ ROENNAYRNE OB WEBDRRD 6 WYy T aA B K25 §(
C A JdpNdB

5 Project Explorer <

]
2

0

) D00 m

v % c_primary_app
d{f Binaries
¥ Includes
2 src
w = Debug
(= srC
%5 c_primary_app.elf - [riscv/le]
= c_primary_app.bin
Iéi c_primary_app st
c_primary_app.map
Iéi C_primary_app.merm
=| c_primary_appcrc.bin
makefile
objects.mk
sources.mk
¥| c_primary_app.launch
crc_add_debug.txt
crc_add_releasetxt

Figure7.52. Baremetal App Binaries Created with CRC

JYYAYT AyG2 (GKS Tl akK oy RSQ2yT A NHMNRESIGIRA RKNEJI
y3a  ORKSINSONHMEEAYNE FSNISi 202t RSy 2NJ t NAYFNE D{ w5
2

AL YUISEEPA t S

S Orued 2t f 2RSSV A FLAGNERREE WIS L K S b ¢ Aly
J RSY | LILI 0AY Il NA:

32t RSy 022Gt 2 RSNJ YR 3I2¢

#define _GOLDEN_BUILD_

Figure7.53. Golden Build Defing Set  GOLDEN_BUILD_ for Golden Biuilehain.c
23. wS LIFIFSILI vmil A1 20NB | GS 32t RSy 0622Gf 2FRSNJ FyR 32t RSY I LI LI

7.6. Generating the MultiBoot MCS File

To generate the muliboot MCS file, perform the following steps:
Note: Follow these steps only when you have owcreated both Golden and Primary bitstreams.
1. [ I dzy OK GvkKISR A INyB({H NIGRRRIRIY [ GGAOS WIARGABENGG | & aK2g6y AY
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Lattice Radiant Software 2025.1

Install&Uninstall Cable Drivers

F e

IP Packager

Power Calculator

Questa Lattice Edition

CcN e

Radiant Programmer

Radiant Software
Radiant Software Help
Release Notes
Synplify Pro for Lattice

TCL Console

BO)® e

Figure7.54. Launch Radiant Programmer from Windows Start

z

2. t N2POARS G(KS

f a0V A Ay 2 58 S NBPGECHINS @WI & X 6 NJ

£ Radiant Programmer - Getting Started

Neve Project:

Project Name: |n:5

Project Location: |\

(@ Creste a new project from a scan

Cable: ~ | Port: ~ Datect Cable

TCK Divider Satting (0-30x):
() Create a new blank project

Open Project:

() Open 2n esisting programmer project

Figure7.55. Radiant Programmer Getting Started Window

b2GtSKYA & RAALI I 8a (0 K$CHNIMRBY yWEBA Al KISNIBHRBBYRE 2002 Yy SOG SR
Y354l 38 Oy 68 A3y2NBRO
B Radiant Programmer - mes.ccf - X
File Edit View Run Tools Help
DEd s 860 6 S
Enable Status Device Vendor Device Family Device Operation Cable Setup & x
1 Generic JTAG Device  JTAG-NOP Bypass Cable Settings
Detect Cable
Cable: HW-USBN-28 (FTDI) ~
Programming Speed Settings .
8 x

Output

Lattice VM Drivers detected (HW-DLN-3C (Paraliel}}
Programmer device database loaded
ERROR <85 = 1

o select the right cal
nstrucbions in the

mmer Help topic:

2 cable, please v v ssconds and try 3gain,

Ouput  Td Consoke

Figure7.56. Error if NoBoard is Connected
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3. /|t PPt a B 5SSt 28YSyid ¢22f

£ Radiant Pregrammer - mesxcf *
File Edit View FRun  Tools Help
el g Deployment Tool
Enable Status Devi( Download Debugger
~# Programming File Utility

1 TAG-N(
& Custom Flash Device...

Figure7.57. Open Deployment Tool from Radiant Programmer

4, ¢KAA&a 2LSya (GKS 5SLJ 2eYSyIupNt2 2f ogAYR2¢ L a aKz2gy AY

B Radiant Deployment Tool - Getting Started ? X
(®) Create New Deployment

FunctonType: | Fle Conversion &

OutputFie Type: | IEEE 153215C Data Fle i

() 0pen an Existing Deployment

Recent Fies: €:JUsers/SKothar/Downloads/GSRDRelease fproject.ddt

Figure7.58. Deployment Tool StarwWindow
5.1 LILX & (K33 KeSHAgMARENEY R IOWA O]
B Radiant Deployment Tool - Getting Started ? *

@ Create New Deployment

Function Type: External Memory >

Output File Type: | Advanced SPI Flash ™

(] Open an Existing Deployment

Figure7.59. Options for Creating New Deployment

6. LYGSLI m 2F nY { SIAYRER 6EK $ QL Fail yC MfySo a v
a. | £ AOQA XK Sb IS oMBHIARS HINR YEREENHIY (&KSdzNJ LINA Y NBE 420 LN
b. ¢ KESOAOSI CRYAX St Ra | dzi2 L2 LA | S@MADE 2858t 8QUBRE oA

AN g

c. /tf AbCR B i
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1 Ci/Certus-MNX/sec_primary_gsrd_impl_1.bit

.| LFD2NX

E-‘:—:-* Deployment Taol- proje — ] >
Al =RE <= <= - R g o
External Memory: Advanced SPI Flash
Step 1 of 4: Select Input File(s)
File Name (*.bit *.rbt *.bin *.hex) Device Family Device

LFD2NX-40

Figure7.60. External Memory Step 1 of 4: Select Input Files

7. LYGiSLI v 2F ny

| ROIZFBOSRG{ tiIK SC RCAMERENDG 52 K26y A

a. UnderOptionstab: Choose Output Format &stel Hexand SPI Flash Size (Mb) as 128
b. SelectQuad I/O SPI Flash Refrdm the SPI Flash Read Modeopdown menu.

el 1SCs= g e .=~ I sve g
External Memory: Advanced SPI Flash

Step 2 of 4: Advanced SPI Flash Options

Options User Data Files Multiple Boot

— O

Qutput Format: Intel Hex
SPI Flash Size (Mb): | 128 b
SPI Flash Read Mode: | Quad I/O SPI Flash Read
[ Byte Wide Bit Mirror
[ Retain Bitstream Header
[ Optimize Memory Space
[ Encryption
Encryption Mode: |AES256-CBC

Encryption Key:

[] ECDSA Authentication

Authentication Made:

ECDSA-256

Edit Key

Public Key: Load

Private Key: Load

ECDSA Signature Load

[] HMAC Authentication

b

Previous

Mext

Figure7.61. External Memory Step 2 of 4: Select Options
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c. No changes needed the User Data Filesection.
d. UnderMultiple Boot tab.
i { St Sa@iz &R EIRLI A 22y2d
n.{éf$£MGSNJ2T P arSay S tFadGSNya
i. ' YRSNI2ERSY St DNESNIS | F R REXPIASIGIHNERE A &
a20p32f RSY P DA NR § &Y ORI wEHOPDRIR R SH aMad GHGd3iNg/Y | G A OF £ £ &

N.:yRSWHSNyIuSASKRESMKAWI 2y (KS JeNEMEyE(adNBRY |
{U|‘ AVZTIRRNBanquSNy Ada Fdzi2YlFGAOKT (e |éé7\5|y
RNRIRIsgY YSydzd ¢KA&E Aa (GKS LIKSSENY tWADRSRDR &R
NEasSio

v. |t OB

Ea Radiant Deployment Toal- project0.ddt” — O *

File Edit Help
e =R <~~~ o [ < v+ R A 0¢
External Memory: Advanced SPI Flash

Step 2 of 4: Advanced SPI Flash Options

Options ~ User Data Files  Multiple Boot
Multiple Boot
Golden Pattern: | Ci/Certus-NX/CNX_soc_golden_gsrd_impl_1.bit w
Starting Address: 0x000F0000 v

[] Protect Golden Sectar

Mumber of Alternate Patterns: 1 et
A
Alternate Pattern 1; | Ci/Certus-NX/CNX_soc_golden_gsrd_impl_1.bit N
Starting Address: | Ox001E00QDO W
MNext Alternate Pattern to Configure: | Primary Pattern w
Alternate Pattern 2:
Starting Address:
MNext Alternate Pattern to Configure: | Primary Pattern
Alternate Pattern 3:
Starting Address:
Next Alternate Pattern to Configure: | Primary Pattern
w
Previous Mext

Figure7.62. External Memory Step 2 of 4: Mutiie Boot
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8. Ly
0]

< e
(&0 [0

9. / ft GBI
10.LYGSLI n

LJ o
afSo

RN = NE -~ ol - R g 0o
External Memory: Advanced 5Pl Flash

Step 3 of 4: Select Qutput File(s)

QOutput Filel: CifCertus-NX/multiboot_systern.mcs

Previous

MNext

Figure7.63. External Memory Step 3 of 4: Select Output File(s)

2T nY DSy SRNWWISENIBISA & 2 eovRSilyiiiz Y N¥VAKHWeRB Ny S NJ

2T nY { St a0aKE&& Jouhdri/Lsd2i2 &5\ SR ot 201 A2y 2V

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are asvisiethtticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatitfosraation herein are subject to change without notice

FPGARD023231.0

87

I a

ez

a


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v1.0 for éXievices
Reference Design

= LATTICE

Ed Radiant Deployment Tool- projectd.ddt* — O st

D DD R £ E
External Memory: Advanced 5Pl Flash

Step 4 of 4: Generate Deployment

View File

Deployment Tool Summary ~
Input File: C:/Certus-NX/scc primary gsrd impl 1.bit
Cptiona:

OQutput Format: Intel Hex

SPI Flash Size (Mb): 123

SPI Flash Read Mode: Cuad IfO SPI Flash Read

Byte Wide Bit Mirror: off

Retain Bitstream Header: Off

Optimize Memory Space: Off

Multiple Boot: on

Bolden Pattern: C:/Certus-Nx/soc_golden gsrd impl 1.bit v

LOTTTana orre

"Ciflsce/radiant/2025.1/programmer/bin/nt6d/ddtemd” -oft -advanced -dev "LFD2ZNX-40" -if "C:/Certus-NX/ ”
soc_primary_gsrd_impl_1.bit" -format int -flashsize 128 -quad 1 -golden "Ci/Certus-NX/
coc_golden_gsrd_impl_1.bit" -goldenadd 0x00200000 -multi 1 -altfile "C:/Certus-NX/
soc_primary_gsrd_impl_1.bit" -address 000400000 -next prim -of "C:/Certus-NX/multiboot_system.mcs”

v
JULL:EEIUII}‘ HCIICIGL‘: TIEEy ~
Ch\Certus-NX\soc_primary_gsrd_impl_1_alterl_tmp.bit
Format: Intel Hex
Output File: Ci/Certus-NX/multiboot_system.mcs
Sector Ox00400000: CACertus-NX\soc_primary_gsrd_impl_1_alter]_tmp.bit.
Start generation.
Generating Intel Hex PROM File.....
Successfully generate file(s)
CACertus-Ni\multiboot_system.mcs
Lattice Radiant Deployment Tool has exited successfully. W
Previous Generate
Figure7.64. External Memory Step 4 of 4: General Development
11./ KSO1 F2NJ GKS F2fyAFNES 2dzi Lidzi | & aK2gy A

Lattice Radiant Deployment Tool has exited successfully.

Figure7.65. MCS File Generated Successfully

12.¢KS 3IASYSNIGSR FAYyIf oYO&a FTAE{S Aad y2¢ NBIRe

13./ f24S GKS 5S8LX 28YSyid ¢22f GAYR260D

14.C2NJ LINPANF YYAYy 3 Ayid2 GKS Fflak | yR (GESNRENY KB &
D2t RSy 2NJ t NAYINE D{w5 ASONB2YW | YR !

K
LILX A OF GA2Y

2 068 LINE:

82§56
[ 2F
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8. Customizing the GSRD

This section describes the customization that campgliedin the reference design. The hardware related
modifications are made by using Propel Builder, since it is the main design entry tool. The softataed
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 IPerform the following

1. LYNRLIStZ. @8 €t &RSHJ | yR tI RROMVIRZENR V/ AIKISE SGS GKS Lt O2y FA3

FyR 3ISySN}IiGSo
b2 i8¥ @2dz YySSR (2 ONPBFHGGSAOSODAGR2NYGLONBESMBHENP ®H O0Ct D!

2. /| 2yySOG GKS ySgfa VRRSRNIt2GKSNIHKS awlA{y/ 6 KS aeaidsSyo ¢K
T ! -Ln M RRLYSS alyl ISNK{ ddeNFERYYIE oNSOBFROBIAYY
2y (KS So td® THRRSKDIGEESYyEgEHe I RRSR AYGISNFI OS 2y

L
1 !tc! RR yi[ 5 wSlj dz§ a2 NkJ @av-S98NidEINE (h & (/SN 1B DB RIRPRS & B
R R AYUSNFIFIOS 2y U0UKS AYUSND2YyySOuo®
T 'IHAQRR ySé alyl ISNk{ dz‘i)é’?\lgﬁ@(?qﬂﬂyééE?\Wﬁ{é?j\l;ﬁ@@é@!ﬁ@fﬁﬁéé
AYUSNFI OSE e2dz yHIRSUIUZ2NARRS! LEn Ay20SIKHSSy o
/| 2yySOG GKS Ot201 FyR NBaSi airdylfaz +ryR RIGF o0dzaSa
9ELR NI (KSf &khRRSRY (ySld t SPSt Y2RdzAf S 6AF | LILIX AOLo6f Sod
D2 WRRNBASW (2 Faairdy GKSE ®IABRERRNBEaa T2N 6KS ySg
L¥ &2dz YIRS OKhy3Sa (2 GKS o022Gt2FRSNE F2ft2¢ UKSAS
hiKSNBAaAaSEZ alAL) OKAa a&aosSLio
a. Select the System Memory instance from fhesign Viewn the left column and it highlights the
system_boot_mem_inst.

b. Double-click on the highlighted component shown in the schematic and it openstdaile/IP Block Wizard
c. Click orthe three dots at thdnitialization FileQ daluefield to locateand select your dotloader file
d. ClickGenerateat the bottom-right corner of theModule/IP Block Wizardhs shown irFigure8. 1.

S e o
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% Module/IP Block Wizard x

Configure Component from Module system_memory Version 2.4.0
Set the following parameters to configure this component.

Diagram system_boot_mem Configure [P
= General Port 50 Settings Port 51 Settings
Property Value
~ General
Interface AXl4
SyStem bOOt mem Memory Address Depth [1 - 114688] 32768
— — Data Bus Width(bits) 32
Memory Type LRAM
—XI SO Port Count 1
—laxi aclk i AXI4 1D Width 6
- - ~ Data Streamer
1 ax' resetn | Enable Data Streamer
system_memory
+ Initialization
Initialize Memory
Initialization File Format hex
Initialization File der/Debug/c_primai _bontr.mem
4 3
User Guide Mo DRC issues are found.

Generate Cancel

Figure8.1. BootloaderHle Updated inthe System Memory

7. 1LYy O2 VALH(SSERWRAAY B IHiyARRIVA Y S5 SaNBy y2 5w/ SNNE ND
8. { SISDHAIYY HND EBSHR G 8z2LIRIF S @KS {2/ RSaAdy

9. LYFrddAO0S wWIRRABYW(H LAY al IR SRAGTK S LJLE G OF 6f S0 @

10./ f PELI2 NI 2CEBEENI 1S (KS dzLIRFGSR o0AGAGNBI YO

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. Ly t NRLIS©f Q\EYZQW\HK@ a2FG s NB LJNEZSC)]EEI GBI 82 azDBNBK 6
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(/)’7\‘

win: fatticesemi.com/legal


http://www.latticesemi.com/legal

Golden System_ Reference Design and Demo User Guide v1.0 for eXiBevices .l.lLATTICE
Reference Design

8 CfC++ Project - O >

Update System and BSP

Select system environment file and BSP package

Current System env: | _vI.'golden_gsrdfc_goIclen_bootloaberfsrc.-’sys_env.xmI |

New System env: Directory is not correct! Browse...

| Re-generate toolchain parameters and linker script
[ ]update BSP package

Cancel

Figure8.2. New System enw&ror
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8.2. Usingthe ECO Editor

During the initial design phase when the bootloader code is ba@vglopedyoumay need to update the bootloader

more frequently. This requires dynamic updating of bootloader file. Typically, the bootloddadedinto the System
Memory withthe .memfile during the bit file generation phase. The Engineering Change Order (ECO) editor tool allows
youto update suckc_bootloader.menadynamically without requiring the entire Radiant flow to berea.

The following example demonstrates how to change/update.themfile dynamically.

1. [ EAGR24Y B R/NI OHaaSAN2 s A ORIYKES h i 9RAIBYNI 6AYR2464 O

oo REEIR G0 BERSBS

Figure8.3. ECO Editolcon in Radiant Software
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2.

It A GlS Y2WE

LyXid oot AT FGAZY

Eile  Window Help

A ocC

& Mame Directian Pin BANK 10_TYPE

o uart txd o ouT MH 1 LWCMOS33
uart_red i IN La 1 LVCMOS533
system_rstn i IN NG 1 LVCMOS533
sgmii_ser_tx o OUT U6 5 WDs
sgmii_ser_nci 1N Va4 5 VD5
sgmii_an_lin... OUT RS 1 LVCMOSEE
sfp_i2c_sda INOUT Ti8 ] LVCMOS2
sfp_ize_scl INOUT ule ] LVCMOSES
sfp_disable o OUT T19 ] LVCMOS33
pll_clk_i IN P24 & LVCMOS533
ospi_ss_n_o{0] OuT G7 o LVCMOS33
ospi_sclk_o out G6 o LVCMOS33
ospi_dt i3] INOUT Ha ] LVCMOS33
ospi_dr_isf2] INOUT KS [i] LVCMOS33
ospi_de_io(1]  INOUT HE o LVCMOS533
ospi_de_iolo]l  INOUT H7 0 LWCMOS33
’ sysi0 Settings I Memaory Initialization I

—

CLAMP DIFFDRIVE
OFF MA OFF
oN MA OFF
oN MA OFF
oN 3.5 OFF
onN MA 100
OFF MA OFF
oN MA OFF
onN A QFF
OFF MA OFF
onN M OFF
OFF MA OFF
OFF MA OFF
oN MA OFF
oN MA OFF
onN MA OFF
onN MA OFF

DIFFRESISTOR

B

MA

MNA&

MNA&

MNA

!
DRIVE GUITCHFILTER  HYS)
OFF A
on on
on on
oFF A
OFF A
OFF A
on on
on on
OFF A
on on
OFF M
OFF M
on on
on on
on on
on oN |,
L3

Figure8.4. ECO Editor sy’D SettingsTab

3. {SINDKaga2HNbVHUSRFAPNPOS D

4,

ECO Editor

File Window Help

Q Memory Instance Attribute
% » secured_instance _0_36018 Width:32  Depth:8192  ModeEBR
» secured_instance_0_35937 Width:18  Depth:1024  Mode:EBR
» secured_instance_0_36009 Width:32  Depth:64  Mode:EBR
¥ system_boot_mem Width:32  Depth:32768  ModeLRAM
I Memory Initialization Choose File ... I
v Components
system_boot_mem_instscc_sys.. LRAM_CORE_R21C158
system_boot_mem_inst.Iscc_sys.. LRAM_CORE_R41C158

Figure8.5. ECO Editor Memory Initializatiomab
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[2] Memory Initialization Settings X

Initialize all bits to 0
Initialize all bits to 1

@ Initialize by Mernory File

File Format: | Binary 7
Mernory File:

Cancel

Figure8.6. Select bootloader in Memory Initialization Settings

5. 1 FOPNI2 2 (0 f 24 R SNBYW BiERS2 NBEF ACSK 1REEED SNM B & E | R SION N @

=] Memary Initialization Settings X

() Initialize all bits to 0
Initialize all bits to 1
® |nitialize by Memaory File

File Format: | Hexadecimal =
Memory File: | 'sw/c_golden_bootloader/Debug/c_golden_bootloader.mem

QK Cancel

Figure8.7. ChangeFile Formatin Memory Initialization Settings

Starting: "eco_config memory -mem id {system boot mem} -init file {C:/Work/GSRD3.0/Alpha Release/CEHX-100/sw/c_golden bootloader/Debug/c_golden bootloader.mem} -format HEX"

INFO <2989992> - Success to config memory system boot mem

Tel Conzole E Qutput " Find Result g Message

Figure8.8. Updated System Memorgontent

6. |t AOPD2y{ H@RilG2y G2 ar08 (GKS 9/h OKIy3aSao

File Edit View Project Tools Window Help

o'?) QeQa EE AL @

Figure8.9. Save Icon
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»ave
By default ECO changes will be saved to current active UDB file, these changes
will be discarded after re-run Map, Place and Routing process. To keep these
changes, you can export ECO changes to a Tcl script file or save ECO changes to
a separate inactive UDB file.

Save Export Save as... Cancel

Figure8.10. Save ECGhanges

7.V FGSNI Al GAy 3 wEBO2IN@2HIOIE2 S WACRE Y2 NILKIE & & SkbiryNS

File Edit View Project Tools Window Help

Figure8.11. Rerun Partial RadiantHow

8. ¢KS OAUAHBPENT AARNBNEHA (dAIRNYI S(RRAGSY aSY2NEO®

File Edit View Projet Tools Window Help

-&- B 9 Q@QQq OEERY
> Synthesize Design | Map Design | Place & Route Design | Export Files |

Figure8.12. Bitstream Generation Flow Completed Successfully

Creating bit map...
Bitstream Status: Final Version 4.6.

Saving bit stream in "C:/Work/GSRD3.0/Alpha_ Releass/CPNX-100/hw/test/soc_golden gsrd/impl l/soc_golden gsrd impl l.bit".
Bitstream generation complete!

Total CPU Time: 9 secs
Total REAL Time: 56 secs
Peak Memory Usage: 1556 MBS

#x&& CMD bit_generate - CPU/Elapsed: 0 secs / 1 mins 10 secs , MEM/Increased: €0.842 Mb/ 0.08€ Mb, DATE: 13:32:14 08/01/25
Thank you for using Radiant. Total CPU/Elapsed time: 0 secs /1 mins 10 secs
Done: completed successfullyl

Tel Console = Output [= Find Results Ef Message

Figure8.13. Bitstream isRe-generated
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9. Debugging the GSRD

9.1. DebuggingUsingRevealSgnal

To debug thédnardwareand softwaredesign on the GSRibe Reveal signals can be added as the trigger to generate
waveform to capture the respective signafefer toChapter 2and 3 of the Reveal User Guide for Radiant Software
document for thesteps onhow to run the Reveallnserter and Reveal Analyzer

9.2. Debugging Wingthe OpenOC[Debugger

Software C/C++ project can be debugged by using the GDB OpenOCD debugger embedded inside the FRefesl SDK.
to the Programming and O&hip Debugging Flosection of thel attice Propel 2025.1 SDK User Guide (FPGA
02234)for the steps on building and loading the symbol. file

9.3. Debuggingwith Verbosity Level
Refer to the AppendixA. Enabling Verbosityevelin Software
to enable software verbosity level for debugging purposes.
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AppendixA. Enabling Verbosity.evelin Software

Debuglib is added to implement software verbosity level. There are three sitdxievels: DEBUG_ERROR,
DEBUG_INIT, and DEBUG_INIbug Build is enabled by default.

TableA.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:
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New
Go Into

Open in New Window
Show In
Show in Local Terminal

B Copy

#*Q

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

Run As

Debug As
Profile As

Restare from Local History...

Run C/C++ Code Analysis
Team

Compare With

Configure

Source

Rebuild SV Index
Validate

Properties

Alt+Shift+W >
»
Curl+C
Cirl+V
Delete
Ctrl+Alt+5hift+Down
»

F2

F5

> Set Active > 1 Debug
> Manage... + 2 Release
: Build All
4 Clean All
? Build Selected...
bl
H
»
H
»
Alt+Enter

FigureA.1. SetReleaseBuild Configurations
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3. { SO (KM eRDIRAVES Ay (2 NMITFRSI AR 2 2 KNPINBBBEN KK 6> . dABROA Yy T &
FDb! wL{/NEai BHt NRINPEBSHNYNIR 56 YO[RR&OY 9y .{!o5[ BILX & | yR
It 28 S

FigureA.2. Add LSCRELEASBUILD Defined Symbdisr Release Build Output

4, wA KA Ol 2y OWYLINA Y.l defyRr ©ILNP 3 ROIOt A 01 2V

I Project Explorer - g : =
== ¢_primary_a——
& c_primary_b
# soc_primary

New ?
Go Into

Open in New Window
Show In Alt+Shift+W »

Copy Ctri+C
Paste Ctri+V
X Delete Delete

Remaowe from Context Ctrl+Alt+Shift+Down

Source »
Rename... F2

; Import...
Export..

Build Project Incremental Build of Selected Project

Clean Project
Refresh F5

P PhmmBma

FigureA.3. Buildc_primary_app C/C++ Project
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