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Abbreviation Definition

AHBL Advanced Higiperformance Bud.ite

AXI Advanced eXtensible Interface

APB Advanced Peripheral Bus

API Application Programming Interface
AXl4Lite Advanced eXtensible Interfadste

GPIO General Purpose Input/Output

CPU Central Processing Unit

CRC Cyclic Redundancy Check

DDR Double Data Rate

FIFO FirstIn-FirstOut

GHRD Golden Hardware Reference Design
GSRD Golden System Reference Design

ICMP Internet Control Message Protocol

ISR Interrupt Service Routines

LMMI Lattice Memory Mapped Interface
LPDDR4 Low Power Double Data Rate Generation 4
IwiP lightweightInternet Protocol

OPN Ordering Part Number

PLL PhaselLocked Loop

QSPI Quad Serial Peripheral Interface

RIS&/ Reduced Instruction Set Computer

RTL Register Transfer Level

SFP Small Fornfactor Pluggable

SGDMA ScatterGather Direct Memory Access
SGMII PCS and GbE | Serial Gigabit Media Independent Interface
SoC System on Chip

TSE MAC TriSpeed Ethernet Media Access Controller
UART Universal Asynchronous Recei@ansmitter
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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, 12C Controlle3p&dd Ethernet (TSE), Octal SPI Controller, Scatter
Gather DMA (SGDMA&pntrollerand LPDDR4 Memory Controller. All these building blocks are connected through
industry standard protocols such as AXY, AXtSeam for data transfers and AR& control.

The GSRD is a comprehensive embedded system which incorporates drivers and relevant firmware needed to operate
various design components. FreeRTOS and bootloader are built oW RISCPU. The primary function of bootloader

is to initialize the hardwarelbcks in the design using the respective IP drivers and ensure the integrity of the

application software by performing CRC check.

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

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

GSRD for CertusBreNX device is developed and tested with the Lattice Projeld Lattice Radiant software
versions as indicated iTablel.1.

1.1. Quick Facts

Tablel.1. Summary of the System
Supported FPGA Family CertusPreNX
SoC Version 3.0

CertusPreNX Versa Board Rel
OPN: LFCPN¥ERSAVN

SoC Requirements

Targeted Board

FPGA Device(s)

Targeted Device LFCPNXO00-9LFG672I
Supported User Interface AXIMM, AXiStream, APB
. Lattice Implementation Latt?ce Propel Software 2025.1.1
Design Tool Support Lattice Radiant Software 2025.1.1
Synthesis Synopsys® Synplify Pro®
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1.2. Features
The ley features of the system include:

E I R R

TheFPGA device supported in this documertFCPNX00

RIS&/ RX CPU, SGDI@antroller TSEHP, LPDDRKemory Controller and Octal SPI Controller over AX14 Interface
4 Gbit of LPDDR4 cacheable memory witth82DDR data width at 1066 Mbps data rate

10/100/1000 Mbps Ethernet throughput through SGMII SFP support at 125 MHz

Lowspeed peripherals like GPIO, UA&RT 12C

Primary and Goldehootloader andrreeRTOS application software

Application software CRC check by function implemented inRISX bootloader code

FPGA bitstream CRC check done by FPGA Configuration Engine

FreeRTOS application software is run on external LPDDR4 Memory Device

Manual and AutomatidAulti-Boot capability

1.3. Comparison to SoC Version 2.0
The following are thedy changes fronsoCversion 2.0:

= =4 =4 =4 -8 -4 -8 -89

Enhanced architecture for performance and area.

Centralized interconnect for flow control.

Multiple clock domains and IP specific clocking scheme for performance.

Replaced LVD#O based SGMII PCS with Serdes based SGMII PCS.

Enabled LPDDRA4 device in cacheable region and data width converter in LPDDR4 Memory Controller.
Replaced QSPI Flash Controller with Octal SPI Controller.

Enabled RIS€ watchdog module.

Updated Radiant, Propednd soft IPs for 2025.1.1

Added support for Lightweight IP (IwlP) software stack

Removed support for kboot.

1.4. Naming Conventions

1.4.1. Nomenclature
The following arehe nomenclature used in this document:

f
f

Boot Upg Process of starting the RESXRX CPU, loading the FreeRTOS application software from external SPI Flash
into the LPDDR4 memory and executing the application.

Bootloader¢ Code that initializes and configures various peripherals and loads the FreeRTOS application software
into LPDDR4 memory. It also checks for the CRC of the copied application and decides whether to execute the
application software or load theaxt best hardware bitstream and the corresponding software.

FreeRTO8&pplication software; Loaded into LPDDRAemory and executed by RISQCPU at the end of boot up
process.

SPI Flash Nonrvolatile external memory that stores th#tstreams,FreeRTOS application software and mioitiot

MCS bitstream.

1.4.2. Signal Names
Signal names that end with:

1

f
f
f

_h are active low (asserted when value if logic 0)
_iare input signals.

_ 0 are output signals.

_io are bidirectional input/output signals.
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1.5. Prerequisites
The following sections show the software and hardware requirements to run the demonstration and compiling the
reference design.

1.5.1. Lattice Software Tools Requirements
1 Lattice Propel 2025.1.1 Packageontains both Lattice Propel SDK and Lattice Propel Builder
1 526yf 2R KENBY t N2PLISt 5SaArAdy 9yBANRYYSy
1 Lattice Radiant 2025.1.1 Packageontains IP Packager, Radiant Software, QuestaSim, and Programmer
1 526yt 2R KENBEY wlk RAFY(d {2FGsl NB
91 Lattice Propel 2025.1.1 Patch for CertusRi Golden System Reference Design
1 526yt 2IR2KBINBIYRIFIoES {2Fl0sI NBE GFo Ay (GKS DI w5kD{ w5

1.5.2. 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
CertusPreNX Versa Boandeb page

Lattice (;ertusPraNX Versa The Evaluation board is available in two configurations of
1 Evaluation Board 1 LPDDR#hat are4 Gb and 165b and two vendors of Stish,
OPN: LFCPNERSAVN that are Winbond and MacronixBoardswith 4 Gb LPDDR4

SDRAMre marked withBRI No: LSZ309001all others with
16 GbLPDDR4 SDRAM

Mini USB Typé& UART cable for
2 programming bitstream, firmware 1 Included in CertusPebdlX Versa Board Evaluation Kit
and proper terminal prints
10/100/1000BASH SFP SGMII
Copper R45 Transceiver Module fo
Ethernet connection on the
CertusPreNX board

Not included in CertusP+dX Versa Board Evaluation Kit.
1 GSRD is validated with SEEBT fromFS F@.F8522PZBLfrom
Coherentand NXT-F-RT from techNXT

Cat6RJ45 Ethernet cable to connec| . . . .
4 CertusPreNX board 1o the Host PC 1 Not included in CertusPfdX Versa Board Evaluation Kit.

5 12 V power adapter for board powe 1 Included in CertusPrIX Versa Board Evaluation Kit

win: fatticesemi.com/legal


http://www.latticesemi.com/legal
https://www.latticesemi.com/Products/DesignSoftwareAndIP/FPGAandLDS/LatticePropel
https://www.latticesemi.com/Products/DesignSoftwareAndIP/FPGAandLDS/Radiant
https://www.latticesemi.com/products/designsoftwareandip/intellectualproperty/referencedesigns/referencedesigns05/ghrd-gsrd-reference-design
https://www.latticesemi.com/products/developmentboardsandkits/certuspro-nx-versa-board
https://www.fs.com/sg/products/75322.html
https://www.coherent.com/networking/transceivers/datacom/FCLF852XP2BTL
https://technxt.com/product-category/pon-sfp-module/1g-sfp-transceivers/

= LATTICE

2. Functional Description

The GSRD/GHRD SoC architecture comprises of & RECPU, LPDDR4 Memory Controller, SGDMA Controller, Octal
SPI Controller, and 10/100/1000 Mbps TSHknterconnected through a combination of higpeed and lowspeed bus
fabrics such as AXI4 Interconnect and APB Interconnect. This architecture enables seamless communication and data

exchange between the components, facilitating efficient operation astiesn performance.

2.1. GHRD System Architecture Overview
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2
A
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=

R345

)
perip_clk

= e
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» M
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Figure2.1. GHRD System Architecture

The design includes the following componeligted inTable2.1.
Table2.1. IP Versions

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

SoftIP IP Version
RIS&/ RX CPU 2.7.0
LPDDR4 Memory Controller 2.62
System Memory 240
Octal SPI Controller 1.3.0
General Purpose 1/0 GPIO 1.8.0
UART 14.0
12C Controller 230
AXl4 Interconnect 220
APB Interconnect 1.3.0
AXI4 to APB Bridge 1.4.0
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SoftIP IP Version
TriSpeed Ethernet 210
SGDMA Controller 25.0
Multi-Boot Configuration 1.0.0
PLL 19.1
Reset Modules 1.0.0
AXIS FIFO IP 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 théP Configurationsection.

The signals on each interface are described inSigmal Descriptiosection.

2.2. GHRD Clocking Overview

Figure2.2 describes the reference design clock scheme.

TSEMAC sgmii usr_clk

cpu clk
—>

pll_clk i perip_clk
» System PLL————»

axi_clk

E——
FPGA Config

cpu_rtc_clk
[os3———»
-/

Ipddr4d_refclk i
prm e o Lpppm |-mecdk

Figure2.2. GHRD Clock Overview
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Table2.2. GHRD Clocking Overview

Sr No | Clock Name Clock Freq Clock Source Destination
1 Ipddr4_refclk_i 100 MHz On board oscillato6 | LPDDR4 Memory Controller IP PLL
pll_clk_i 125 MHz On board oscillato)4 | System PLL and TBE
3 cpu_clk 125 MHz system_plI[CLKOP] RIS©/ RX BUsystem clock, System
Memory, AXI IC SO, $&d M3 ports
4 perip_clk 100 MHz system_pllI[CLKOS] AXI IC MO, M1 Ports, TREESGDMA
Controller, UART, 12C, GREnd Multi-
boot IP
5 axi_clk 125 MHz system_pl[CLKOS2] | AXI IC clock, SGDNAnNtroller
6 sgmii_usr_clk 125 MHz TSE IP Exterral CDC FIFO
7 cpu_rtc_clk 32kHz Multi-boot IP RIS&/ RX BURTC clock
8 mc_clk 133.33 MHz LPDDR#emory LPDDR&emory ControllediPand AX14C
Controller (Interconnec) M2 port

2.3. GHRD Reset Overview

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 loc]

»
»

cpu_clk
—>

LPDDR
Rst Sync

mc cIkI

0

PERIP
rst_sync

»

erip_clk
perip_

- J

0

>

"1 MAC

sgmii usr clk  ISt_sync
—>

| N—

0

"| SYSTEM

cpuclk | rst_sync

)
> Ax

axi clk | rst_sync

| —

TSE MAC
SGMI)
LPDDR,
SFP

Figure2.3. GHRCResetOverview
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Table2.3. GHRCResetOverview

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 CPU subordinates, System Memor|
AXI IC M3

Octal SPI controller, APB IC, AXI4 to APB
bridge, GPIO, UART, 12C, SGMdAtroller,
TSHP, LPDDRMemory Controlleand
Multi-boot IP

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

AXIIC S1, S2 and
axi_rstn_o CPU output reset pin SGDMAControllerMM | SGDMAControllerMM and BD
reset input pin
mac_rstn_o CPU output reset pin AXI Sj[ream RXX FIFO External Stream FIFO for CDC.
reset input pint

AXI IC M2 reset input

Ipddr4_rstn_o CPU output reset pin pin LPDDRM&emory Controller
2.4. GHRD Interrupts Overview
Table2.4. GHRD InterrupOverview
Sr No RIS©/CPURQ Line Interrupt Source
1 IRQ_2 SGDMAControllerMM2S IRQ
2 IRQ 3 SGDM/AControllerS2MM IRQ
3 IRQ_4 TSEMAC IRQ
4 IRQ 5 OSPI IRQ
5 IRQ_6 GPIO IRQ
6 IRQ 7 LPDDR IRQ
7 IRQ 8 UART IRQ
8 IRQ 9 12C IRQ

For more information about the platform level interrupt controller information, refethe Platform Level Interrupt
Controllersectionin the RIS6/ RX CPU IP User Guide (FRRG&AS02298) document

2.5. IP Configurations

The reference design is created using Lattice Propel Builder. THevepHDL 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. RIS€/ RX CPU

The RIS®¥ RX CPU IP has-AAs$ed instruction and data ports. The instruction ports are connected to the memory that
contains the bootloader software or the FreeRTOS application software for CPU execution. The data port is connected
to memory and periphals for control.

For more information about the IP core including memory map information, refRi&®8/ RX CPU IP User Guide
(FPGAPUG02298).
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4, Module/IP Black Wizard X
Configure Component from Module riscv_rtos Version 2.7.0
Set the following parameters to configure this component.
Diagram riscv_nc_cpu Configure [P
B General Debug Buses Interrupt UART
r’I'SCV_r’X_Cpu Property Value
Processor Mode Balanced
[Hras2
[Hras3
[Hras4
[Hra_ss
[Hrase  axim_pat{H—
| RQ_S7 AXI_M_INSTF‘E - Reset Vector: 32'h 20000000
I RQ_S8 system_resetn_of—
[Hra s9
clk_realtime_i
clk_system_i
rstn_i
riscv_rtos
4 |3 E 4 L3
User Guide Mo DRC issues are found.
Figure2.4. RIS&/ RXCPU IP ConfigurationGeneral
“. Module/IP Block Wizard X

Configure Component from Module riscv_rtos Version 2.7.0
Set the following parameters to configure this component.

Diagram riscv_r_cpu Configure [P
4 General Debug Buses Interrupt UART
riSCV_rX_CpU Property Value
Enable Debug
I RQS2 Enable Debug On Off Control Port
(Hras3 sme
| RO_S4 JTAG Type Hard
RQ. S5 Extend JTAG Channel

Q. JTAG Channel Selection for Certain Devices [14-16] 14

[Hra_se AXI_M_DATAH
[Hras7 AXIM_INSTRAH M~
I RQ_S8 system_resetn_o—

[Hra_s9
clk_realtime_i
clk_system_i
rstr_i
riscv_rtos
A »
User Guide No DRC issues are found.

Figure2.5. RIS&/ RXCPU IP ConfiguratiogDebug
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“, Module/IP Block Wizard

Configure Component from Module riscv_rtos Version 2.7.0

Set the following parameters to configure this component.

[HHra_s3
[HrRa_s4

[Hras7?
[Hira_ss

Diagram riscv_r«_cpu Configure IP
8 General Debug Buses Interrupt
riscv_rx_cpu Bwealy flalie
Response to Write Error
[Hra_s2

Enable Local Bus

Enable Instruction Interface Wrapper
Enable Data Interface Wrapper

AXI_M_DATAH =
AXI_M_INSTH =

system_resetn_or—

AXl Instruction Interface Register Slice Type | 0

AX| Data Interface Register Slice Type (1]

clk_realtime_i AX1 1D Width 4

clk_system_i AX| Instruction Ports ID Number [0 -15] 1

rstn_t Enable CXU Ports

riscv_rtos _ T——
- Enable RVFI

4 3
User Guide Mo DRC issues are found.

UART

Figure2.6. RIS&/ RXCPU IP ConfigurationBuses

i Module/IP Block Wizard

Configure Component from Module riscv_rtos Version 2.7.0

Set the following parameters to configure this component.

[HIrRQ 54

[Hra_ss

Diagram riscv_r_cpu Configure IP
General Debug Buses Interrupt UART
riscv_rx_cpu Property Value
[Hira s2 Enable CLINT
[Hras3
Enable PLIC

Enable Non-maskable Interrupt
Enable Interrupt for Supervisor Mode

Width of Interrupt Priority Register [2-3] 2

AXI_M_DATAHH

AXI_M_INSTRHH =

system_resetn_or—

Mumber of User Interrupt Requests [1-30] 8

Enable CDC Register for IRC_52
[Hras9 Enable CDC Register for IRQ_53
clk_realtime_i Enable CDC Register for IRC_54
clkfsystemfi Enable CDC Register for IRC_S3
. Enable CDC Register for IRQ_S6
rstn_i Enable CDC Register for IRQ_S7
o Enable CDC Register for IRQ_58
riscv_rtos e

Enable CDC Register for IRQ_59

1 3 o - R

User Guide Me DRC issues are found.

»

Figure2.7. RIS&/ RXCPU IP ConfiguratioqInterrupt
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e Module/IP B ard

Diagram riscv_rx_cpu

riscv_rx_cpu

[Hras2
[Hras3
[Hra_s4
[HHIrQ_S5
[Hra s6
[Hras7
[Hrass
[Hira_s9

clk_realtime i
clk_system_i

rstr_i

AXI_M_DATAH

AXI_M_INSTRH

system_resetn_o

riscv_rtos

4

User Guide

Configure Component from Module riscv_rtos Version 2.7.0
Set the following parameters to configure this component.

Configure IP
General Debug Buses Interrupt
Property Value

Enable UART Instance

Mo DRC issues are found.

UART

Figure2.8. RIS&/ RXCPU IP ConfiguratioQUART

2.5.2. AXI Interconnect

TheAXIl Interconnect I3 a key component isystemthat uses theAMBA AXI4 protocol. It acts as@mmunication

hub between multiple AXI managers and subordinates, enabling efficient data transfer and system scalability.

For more information about the IP core, referAXI Interconnect IP User Guide (FRBIBG02196)

4y, Module/IP Block Wizard

Diagram system_ic

Configure Component from IP axi_interconnect Version 2.2.0
Set the following parameters to configure this component.

system_ic

axi_MO0_aclk_i[0:0]
axi_MO00_aresetn_i[0:0]
axi_MO1_aclk_i[0:0]
axi_MO01_aresetn_i[0:0]
axi_MOZ_adlk_i[0:0]
axi_MO02_aresetn_i[0:0]
axi_MO03_adlk_i[0:0]
axi_MO3_aresetn_i[0:0]
axi_S00_aclk_i[0:0]
axi_500_aresetn_i[0:0]
axi_S03_aclk_i[0:0]
axi_S03_aresetn_i[:0]
axi_aclk_i

axi_aresetn_i

A)(I_MD
a0 _Mo{4H
Am_mo
AXLMDE

axi_interconn

4

ect

Configure [P
General External Manager Settings
Property Value
~ General

Total External AXI4 Managers [1-32] 4
Total External AX14 Subordinates [1-32] |4
A User width 1
Memory Type of Large FIFOs LuT

User Guide

No DRC issues are found.

External Suberdinate Settings

Figure2.9. AXI Interconnect I onfigurationc General
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. Module/IP Block Wizard

Configure Component from IP axi_interconnect Version 2.2.0
Set the following parameters to configure this component.

Diagram system_ic

Configure [P

4

system_ic

axi_MO00_aclk_i[0:0]
axi_MO0_aresetn_i[0:0]
axi_MO1_aclk_i[0:0]
axi_MOT1_aresetn_i[:0]  AXLMI
axi_MO02_aclk_i[0:0]

axi_MO3_aresetn_i[0:0]
axi_S00_aclk_i[0:0]
axi_S00_aresetn_i[(:0]
axi_503_aclk_i[0:0]
axi_S03_aresetn_i[0:0]
axi_aclk_i

axi_aresetn_i

axi_M02_aresetn_i[0:0] AX\_MGE
axi_M03_aclk_i[0:0] AX\_MOE

axi_interconnect

General External Manager Settings External Suberdinate Settings

Property Value

External Manager AXI ID width

Al Manager Max Address Width(bits) 32
AXl Manager Max Data Width (bits) 32
AXl Manager Max no. of ID supports 1

External Manager AKX Access Typeﬁ WR
External Manager AX| Access Type 1 WR
External Manager AX| Access Type 2 WR

External Manager AX| Access Type 3

External Manager AX protocol 0 AXl4

External Manager AXl protocol 1 AXI4
External Manager AX| protocol 2 AXl4
External Manager AX| protocol 3 AXI4

v_
E—— B B &

User Guide

No DRC issues are found.

Figure2.10. AXI Interconnect IZonfigurationg External Manager Settings

%y Module/IP Block Wizard

Configure Component from IP axi_interconnect Version 2.2.0
Set the following parameters to configure this component.

Diagram system_ic

Configure IP

4

system_ic

axi_MO0_aclk_i[0:0]
axi_MO0_aresetn_i[0:0]
axi_MO1_aclk_i[0:0]

axi_MO2_aclk_i[0:0]

axi_MO3_aresetn_i[0:0]
axi_S00_aclk_i[0:0]
axi_S00_aresetn_i[0:0]
axi_S03_aclk_i[0:0]
axi_S03_aresetn_i[0:0]
axi_aclk_i

axi_aresetn_i

axi_MO1_aresetn_i[0:0] m_MoqE-

axi_M02_aresetn_i[0:0] AX\_MDE-
axi_MO3_aclk_i[0:0] AKLMUE-

axi_interconnect

General External Manager Settings External Subordinate Settings

Property Value

External Manager CDC Enable 0
External Manager CDC Enable 1
External Manager CDC Enable 2
External Manager CDC Enable 3

External Manager Address width 0 32

External Manager Address width 1 32
External Manager Address width 2 32
External Manager Address width 3 32

External Managar Data width 0 32

External Manager Data width 1 32
External Manager Data width 2 32
- External Manager Data width 3 32

e

User Guide

Mo DRC issues are found,

Figure2.11. AXI Interconnect IEonfigurationg External Manager Settings
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%y, Module/IP Block Wizard

Configure Component from IP axi_interconnect Version 2.2.0
Set the following parameters te configure this compenent.

Diagram system_ic

4

system_ic

axi_MO0_aclk_i[0:0]
axi_MO0_aresetn_i[0:0]
axi_MO1_aclk_i[0:0]
axi_MO1_aresetn_i[0:0] AXI_MOE-
axi_M02_aclk_i[0:0]
axi_MO2_aresetn_i[0:0] Am_MoE-
axi_M03_aclk_i[0:0] AXI_MOJH
axi_MO03_aresetn_i[0:0]
axi_S00_aclk_i[0:0]
axi_S00_aresetn_i[0:0]
axi_S03_aclk_i[0:0]
axi_S03_aresetn_i[0:0]

axi_aclk_i

axi_aresetn_i

axi_interconnect

v External Manager Write Accept 3

Configure [P
General External Manager Settings External Subordinate Settings
Property Value i
_
External Manager No.of IDs 0 1
External Manager No.of IDs 1 1
External Manager No.of IDs 2 1

External Manager No.of IDs 3

External Manager ID order enable 0

External Manager ID order enable 1
External Manager ID order enable 2
External Manager ID order enable 3

External Manager Write Accept 0
External Manager Write Accept 1
External Manager Write Accept 2

Cre am A e e T

User Guide

Me DRC issues are found.

Figure2.12. AXI Interconnect IZonfigurationg External Manager Settings

% Module/IP Block Wizard

Configure Component from IP axi_interconnect Version 2.2.0
Set the following parameters to configure this component.

Diagram system_ic

Configure IP

A

system_ic

axi_MO0_aclk_i[0:0]
axi_MO0_aresetn_i[0:0]
axi_MO1_aclk_i[0:0]

axi_MO02_aclk_i[0:0]

axi_MO03_aresetn_i[0:0]
axi_S00_aclk_i[0:0]
axi_S00_aresetn_i[0:0]
axi_503_aclk_i[0:0]
axi_503_aresetn_i[0:0]
axi_aclk_i
axi_aresetn_i

axi_interconnect

axi_MO1_aresetn_i[:0] AXI_MDE-

axi_MO02_aresetn_i[0:0] AxLMoE-
axi_MO3_aclk_i[0:0] AxLMo-

General External Manager Settings External Subordinate Settings
Property Value

External Manager Read Accept 0

External Manager Read Accept 1
External Manager Read Accept 2
External Manager Read Accept 3

External Manager Write Response Buffer Depth 0

4
External Manager Write Response Buffer Depth 1 4
External Manager Write Response Buffer Depth 2 4
External Manager Write Respense Buffer Depth 3 2
External Manager Write Data Buffer Depth 0 32
External Manager Write Data Buffer Depth 1 32
External Manager Write Data Buffer Depth 2 32
External Manager Write Data Buffer Depth 3 8

User Guide

No DRC issues are found.

Figure2.13. AXI Interconnect IZonfigurationg External Manager Settings
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. Module/1P Block Wizard

Configure Component from IP axi_interconnect Version 2.2.0

Set the following parameters to configure this component.

Diagram system_ic

Ll

system_ic

axi_MO0_aclk_i[0:0]
axi_MO0_aresetn_i[0:0]
axi_MO1_aclk_i[0:0]

axi_MO02_aclk_i[0:0]
axi_MO02_aresetn_i[0:0]  AXI_MO;
axi_MO3_aclk_i[0:0] AX_MO:
axi_MO03_aresetn_i[0:0]
axi_S00_aclk_i[0:0]
axi_S00_aresetn_i[0:0]
axi_S03_aclk_i[0:0]
axi_S03_aresetn_i[0:0]

axi_aclk_i

axi_aresetn_i

axi_MO1_aresetn_i[0:0] A.‘(LMO'E

axi_interconnect

User Guide

Configure IP
General External Manager Settings External Suberdinate Settings
Property Value
_
External Manager Read Data Buffer Depth 0 32
External Manager Read Data Buffer Depth 1 32
External Manager Read Data Buffer Depth 2 32

External Manager Read Data Buffer Depth 3

External Manager 0 Priority Round Robin
External Manager 1 Priority Reound Robin
External Manager 2 Priority Reound Robin
External Manager 3 Priority Reound Robin

Mo DRC issues are found.

Figure2.14. AXI Interconnect IZonfigurationg External Manager Settings

. Module/IP Block Wizard

Configure Component from IP axi_interconnect Version 2.2.0

Set the following parameters to configure this component.

Diagram system_ic

system_ic

axi_MO0_adlk_i[0:0]
axi_MO0_aresetn_i[0:0]
axi_MO1_aclk_i[0:0]

axi_MO1_aresetn_i[0:0] AXI_M
axi_MO2_aclk_i[0:0]

axi_MOZ_aresetn_i[0:0]  AXI_MOd3

axi_MO3_aclk_i[0:0]
axi_MO03_aresetn_i[0:0]
axi_S00_aclk_i[0:0]
axi_500_aresetn_i[0:0]
axi_S03_aclk_i[(:0]
axi_503_aresetn_i[0:0]
axi_aclk_i
axi_aresetn_i

axi_interconnect

4

Configure [P
General External Manager Settings External Subordinate Settings
Property Value

External Subordinate AXI D width

AX] Subordinate Max Address Width(bits) 32
AX] Subordinate Max Data Width(bits) 32
AXl Subordinate Max Fragment count

External Subordinate axi Access Type 0 WR
External Subordinate axi Access Type 1 WR
External Subordinate axi Access Type 2 WR

External Subordinate axi Access Type 3

External Subordinate Protocol type 0 AXl4
External Subordinate Protacal type 1 AXI4
External Subordinate Protocol type 2 AXI4
External Subordinate Protocol type 3 AXl4

User Guide

Me DRC issues are found.

Figure2.15. AXI Interconnect IZonfigurationg External Subordinate Settings
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My, Module/IP Block Wizard >

Configure Component from IP axi_interconnect Version 2.2.0
Set the following parameters to configure this component.

Diagram system_ic Configure [P
system_ic = General External Manager Settings External Subordinate Settings
Prope; Value -
1_S00 Rl
Lsor * ExternalSubordinate CDC Enable Settings
1_s02 IFO: Ext Subordin Enable list d1,1'd1,1'd1,1'd
1_S03 External Subordinate COC Enable 0
axi_MOO_aclk_i[0:0] External Subordinate CDC Enable 1
axi_MOO_aresetn_i[0:0] External Subordinate CDC Enable 2
axi_MO1_adlk_i[0:0] External Subordinate COC Enable 3

axi_MO1_aresetn_i[0:0]
axi_M02_adlk_i[0:0]
axi_MO02_aresetn_i[0:0]

External Subordinate Address width 0 32

axi_MO3_adlk_i[0:0]

External Subordinate Address width 1 32
axi_MO3_aresetn_i[0:0]

External Subordinate Address width 2 32
axi_S00_aclk_i[0:0]

External Subcrdinate Address width 3 32

axi_500_aresetn_i[0:0]
axi_S03_aclk_i[0:0]
axi_S03_aresetn_i[0:0]

External Subordinate Data width 0 32

axi_aclk_i
axi_aresetn_i External Subordinate Data width 1 32
_ External Subordinate Data width 2 32
axi_interconnect
- External Subordinate Data width 3 32
1 e S -
User Guide Mo DRC issues are found.

Figure2.16. AXI Interconnect I€onfigurationg External Subordinate Settings

4%, Module/1P Block Wizard X

Configure Component from IP axi_interconnect Version 2.2.0
Set the following parameters to configure this component.

Diagram system_ic Cenfigure [P
system_ic 4 General External Manager Settings External Subordinate Settings
Prope Value =

1_500 =y
Lso1 ~ BdernalSubordinate IDs Returned n Order Setings
1_502 IFO: Ext Subordinate ID Returned Out-of-Order list d0,1'd0,1'd0,1'd0
1503 External Subordinate ID returned out-of-order 0

axi_MO0_aclk_i[0:0] External Subordinate ID returned out-of-order 1

axi_MO0_aresetn_i[0:0] External Subordinate ID returned out-of-order 2

axi_M01_aclk_i[0:0] External Subordinate ID returned out-of-order 3

Ly 0 SUSEEE | St Wieeseigs

axi_M02_aclk_i[0:0]
i_MO2Z. tn_i[0:0]  AXI_MO;

@i_MD2_aresetn il0:0] - E- External Subordinate Write lssue 0

axi_MO3_aclk_i0:0] AXL MO

axi_MO3_aresetn_i[0:0]

axi_S00_aclk_i[0:0]

4
External Subordinate Write lssue 1 4

External Subordinate Write Issue 2 4

axi_S0D_aresetn i[0:0] External Subordinate Write Issue 3 4

5033100 ” BdemalSubordinate Read Issue Settings
axi_S03_aresetn_i[0:0] [ e S 5'd4,5'd4,5'dd, 5'd4

External Subordinate Read lssue 0

axi_aclk_i 4
axi_aresetn_i External Suberdinate Read Issue 1 4
. External Subordinate Read Issue 2 4
axi_interconnect
- External Subordinate Read Issue 3 4
4 S S e v
User Guide No DRC issues are found.

Figure2.17. AXI Interconnect Ionfigurationg External Subordinate Settings
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%, Module/IP Block Wizard

Configure Component from IP axi_interconnect Version 2.2.0
Set the following parameters to configure this compeonent.

Diagram system_ic

system_ic

axi_MO0_aclk_i[0:0]
axi_MO0_aresetn_i[0:0]
axi_MO1_aclk_i[0:0]
axi_MO1_aresetn_i[0:0]
axi_MO02_aclk_i[0:0]
axi_MO02_aresetn_i[0:0]
axi_MO3_aclk_i[0:0]
axi_MO03_aresetn_i[0:0]
axi_S00_aclk_i[0:0]
axi_500_aresetn_i[0:0]
axi_S03_aclk_i[0:0]
axi_S03_aresetn_i[0:0]
axi_aclk_i

axi_aresetn_i

A:(\:MOE-
A)(\_MDE-

axi_interconni

4

ect

User Guide

Configure P
General

Property

External Manager Settings

External Subordinate Write Response Buffer Depth 0

External Subordinate Write Response Buffer Depth 1
External Subordinate Write Response Buffer Depth 2
External Subordinate Write Response Buffer Depth 3
External Subordinate Write Data Buffer Depth 0
External Suberdinate Write Data Buffer Depth 1
External Suberdinate Write Data Buffer Depth 2

External Suberdinate Write Data Buffer Depth 3

External Suberdinate Read Data Buffer Depth 0
External Subordinate Read Data Buffer Depth 1
External Suberdinate Read Data Buffer Depth 2
External Suberdinate Read Data Buffer Depth 3

Ne DRC issues are found.

External Subordinate Settings

Value

R

Figure2.18. AXI Interconnect IEonfiguration¢ External Subordinate Settings

% Module/IP Block Wizard

Configure Component from IP axi_interconnect Version 2.2.0
Set the following parameters to configure this component.

axi_MO0_aclk_i[0:0]
axi_MO0_aresetn_i[0:0]
axi_MO1_aclk_i[0:0]
axi_MO1_aresetn_i[0:0]
axi_MO2_aclk_i[0:0]
axi_MO2_aresetn_i[0:0]
axi_MO3_aclk_i[0:0]
axi_MO3_aresetn_i[(:0]
axi_S00_aclk_i[0:0]
axi_S00_aresetn_i[0:0]
axi_S03_aclk_i[0:0]
axi_503_aresetn_i[0:0]
axi_aclk_i

axi_aresetn_i

A.‘I(LMOE
ax1_mof{4
Ax_Mofg)
AXLMOE

4

axi_interconnect

External Subordinate 1 Fragment Cnt
External Subordinate 2 Fragment Cnt
External Subordinate 3 Fragment Cnt

External Subordinate 0 Priority
External Subordinate 1 Priority
External Subordinate 2 Priority
External Subordinate 3 Priority

User Guide

MNo DRC issues are found.

Diagram system_ic Configure IP
systerm_ic H General External Manager Settings External Subordinate Settings
Propes Value
1_500 =Y
son © Btemal Sbordinate Fragment Settings
1_502 FO:Externa ordinate Fragment Cnt 5'd1,5'd1,5'd8,5'd
1_503 External Subordinate 0 Fragment Cnt 1

8
1
1

Round Rebin
Round Robin
Round Rebin
Round Rebin

Figure2.19. AXI Interconnect IZonfiguration¢ External Subordinate Settings
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2.5.3. APB Interconnect

TheAPB Interconnect IB used in system for connectif@yv-bandwidth, lowpower peripheraldo the main system

bus.

For more information about the IP core , referA®B Interconnect IP User Guide(FRBIAG02054)

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

Diagram system_apb_ic Configure IP
General Main Settings
Property Value
system_apb_ic
APB_MOGH=
APB?MOE_
—(454rB_S00 APB_MOZ4H—
—lapb_pclk_i APB_MOE—
—apb_presetn_i AP ELMOAE —_
APB_MOFH—
APB_MOEH—
apb_interconnect
4 » ]
User Guide Mo DRC issues are found,

4, Module/IP Block Wizard x
Configure Component from IP apb_interconnect Version 1.3.0
Set the following parameters to configure this component.
Diagram system_apb_ic Configure IP
| General Main Settings Requestor Priority Settings
Property Value
~ General
system_apb_ic Total APE Requestors [1 - 32] 1
Total APE Completers [1-32] 7
APB_MO_ Requestor Address Width(bits) | 32
APB_MO —_—
- Data Bus Width(bits) 2
—(Hare_s00 APB_MOdH—
—apb_pdlk_i APB_MOIH—
— apb_presetn_i APB_MO‘E—
APB_MO—
APB_MOGH=
apb_interconnect
4 » -
User Guide Mo DRC issues are found.
Figure2.20. APB Interconnect IRonfiguration¢ General
. Module/IP Block Wizard x

Requestor Priority Settings

-

Figure2.21. APB Interconnect IEonfiguration¢ Requestor Priority Settings
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2.5.4. AXl4 to APB Bridge

The AXI4 to APB Bridge IP is used to convert the AXI4 bus transaction isfelEdvAPB bus transactidfor more
information about the IP, refer t&X14 to APB Bridge IP User Guide (FIPG/&02198)

%, Module/IP Block Wizard

Configure Component from IF axi2apb_bridge Version 1.4.0
Set the following parameters to configure this compenent.

Diagram axi4_to_apb_bridge Cenfigure IP
“| Property Value
~ General
AXI_APB Data Width | 32
AXI D Width 6
AXI User Width 1

axi4_to_apb_bridge

XIALS
aclk_i AP837

aresetn_i

axi2apb_bridge

4 3

User Guide Mo DRC issues are found.

Figure2.22. AXl14 to APB Bridge Ponfiguration¢ General

2.5.5. LPDDR4 Memory Controller

The LPDDR4 Memory Controller IP enables access to the external LPDDRA4 deginesyT he memory can be used to
store CPU software code and data as well as Ethernet packet data.

For more information about the IP core including register map information, refeP@DR4 Memory Controller IP Core
for Nexus Devices (FPEG02127)

03
Configure Component from IP memory_controller Version 2.6.2
Set the following parameters ta configure this companent.
Diagram system_lpddrd_mc Configure IP
system Ipddr4 mc General Memory Device Timing Training Settings Example Design
—_—— Property Value =
ddr_ca_o[5:0)= ~ General
ddr_ck_o[0:0 )=
ddr cke_o[0:0}= 1/0 Buffer Type LYSTL_I
DDR Command Frequency (MHz) 533
—[{HaPES0  ddr_cs o[0:0}= By
—E&XI_SD ddr_dmi_io[3:0}=
—pclki ddr_dg_io[31:07m= Enable Power Down
—pli_refclk_i  ddr_dgs_io[3:05= Enable DBI
—pll_rst_n_i ddr_reset_n_o—
—preset_n_i init_done_o—
—rstn_i irg_o— ~ Clock Settings
pll_lock_o—
selk o— PLL Reference Clock from Pin =
- 10 Standard for Reference Clock LVSTLD_|
trn_err_o—
memory_controller Mooy Coniysstios -
4 » - Calculate
User Guide Mo DRC issues are found.
Generate Cancel

Figure2.23. LPDDR4 Memory Controller IP Configuratip@eneral
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., Module/IP Block Wizard X
Configure Component from IP memory_controller Version 2.6.2
Set the following parameters to configure this component.
Diagram system_lpddrd_mc Configure IP
system Ipddr4 mc General Memory Device Timing Training Settings Example Design
—_— Property Value i
ddr_ca_o[5:0 )=
ddr_ck_o[0:0 )= + Memory Configuration
ddr_cke_o[0:0f= DDR Density (per Channel) 2Gb
DDR Bus Width 32
—[4APB S0 ddr_cs O[0:0%=
o Number of Ranks 1
—[xis0  ddrdmiiol30}= Number of DDR Clocks 1
—{pclk_i ddr_dqg_io[31:07m=
—pli_refclk_i ddr_dgs_io[3:0= ~ Local Data Bus
—pli_rst_n_i ddr_reset_n_o—
— preset_n_i init_done_o— Data Width 2
—{rstni irg o— D Width 6
pli_lock_o— Maximum Burst Length 256
sclk o— Write Ordering Queues 2
Enable Local Bus Clock
trm_ermr_o— -
Read Ordering Queues 2
memory_controller Enable APE I/ = =
4 » = Calculate
User Guide No DRC issues are found.
Generate Cancel

Figure2.24. LPDDR4 Memory Controller IP Configuratipeneral

2.5.6. Octal SPI Controller

The Octal SH$ an eight trstate data line serial interface that is commonly used to store, program, gradeead SPI

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

For more information about the IP core including register map information, ref@ctal SPI Controller IP User Guide
(FPGAPUG02273)

%, Module/IP Block Wizard

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

Diagram system_ospi_fc Configure IP
H General DEBUG: IP Parameters
Property Value &
~ Configuration Preset
SPI Protocol Custom
~ Clock Configuration
system Ospi fc System Clock Frequency (MHz) [1 - 200] 100
INTE SPI Clock (SCK) Pulse width [0-31] 1
[4Hx14_suB )
i spi_cs_n_o[0:0]
clk_i . .
. spi_dt_io[3:0] ~ User Interface
rst_n_i
spi_sck_o Interface AXI4
MNumber of outstanding request [1- 18] 4
octal 5p| controller AXI4 Bus 1D Width [1-12] &
FIFO depth 512
FIFO Implementation EBR
~ SPI Configuration
Default LSBF value 0
Default CPOL value ]
- Default CPHA value 0 -
4 3 1 »
User Guide Mo DRC issues are found.

Figure2.25. Octal SPI Controller IP ConfiguratigrGeneral
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., Module/IP Block Wizard X

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

Diagram system_ospi_fc Configure [P

General DEBUG: IP Parameters
Property Value

Default Endianness value

Default Mon-blocking T« FIFQ

Default Mon-blocking Rx FIFO

system_ospi_fc Minimum Timing (number of 5P| clock): C5 assert to SCK [0 - 15]

Minimum Timing (number of SP| clock): SCK to C5 deassert [0 - 15]
|NTE Minimum Timing (number of SP| clock): CS deassert to 5 assert [0- 15]

14_5UB ~ Capabilities
IE’:_\X spi_cs_n_o[0:0]
clk_i

rst_n_i

Mmoo o

spi_dt_io[3:0]
spi_sck_o Enable Target Address Map

OCta‘ Spl Contro”er Enable Command Processing

Max number of data lanes
Max number of 5Pl Target [1-32]
Include FIFO

(<N < RamlE

Programmable SCK Divider
Programmable LSBF

- Programmable CPOL -
4 L3 4 4

User Guide Mo DRC issues are found.

Figure2.26. Octal SPI Controller IP ConfiguratigrGeneral

4, Module/IP Block Wizard X

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

Diagram system_ospi_fc Coenfigure IP
5| General DEBUG: IP Parameters
Property Value =
Programmable SCK Divider [ ]

Programmable LSBF
Programmable CPOL

system_ospi_fc Programmable CPHA
Proegrammable Mon-blocking FIFO setting =

|NTE Target Address up to 64b
EAXM,SUB . Enable Target Reset Pin
spi_cs_n_o[0:0]

dk i ~ 10 Primitive
spi_dt_io[3:0] Include 10 Primitive [~]
spi_sck_o ~ Memary Map Configuration

rst_n_i

octal sp| controller Enable Full CSR Address Decoding

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

Enable Generic Command Packet Counter

« (S APT 3

User Guide Mo DRC issues are found.

Figure2.27. Octal SPI Controller IP ConfiguratigrGeneral

2.5.7. Tri-Speed Ethernet MAC + SGMII (SERDES)

The TriSpeed Ethernet (TSE) IP solution consists of the TSE IP Media Access Controller (MAC) core and the SGMII GbE
Physical Coding Sublayer (SGMII PCS) IP core. The TSE IP is a complex core containing all the necessary logic,
interfacing, and clocking frastructure to allow integrating an external indussyandard Ethernet PHY with an internal
processor, with minimal overhead. The CertusRX GSRD supports 10/100/1000 Mbps network interface as per the

IEEE 802.3 standard.

For more information about the IP core including register map information, reféri#8peed Ethernet MAC IP User
Guide (FPGAPUG02084)
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% Module/IP Block Wizard K

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

Diagram eth_tse_mac Cenfigure IP
eth tee mac *| Property Value
~ General
Select IP Option MAC + SGMIl{SerDes)
~ Configuration
Host Interface APE
Statistics Counter Registers
~ PHY Settings
RX CTC Mode Dynamic
~ PCS Settings
Select MPCS Lane 6

MPCS PMA loopback

o

4 »

User Guide No DRC issues are found.

Figure2.28. TSE IP Configuration

2.5.8. ScatterGather DMA Controller

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;odXigliant DMA controller with scatter

gather capability. It also implements the AX8tteam interface to support stream data from TSE MAC. The APB CSR
interface is used to configure the control and status registers by the-RIS@U.

For more information about the IP core including register map information, ref8S@@BDMA Controller IP User Guide
(FPGAPUG02131)
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%, Module/IP Block Wizard X
Configure Component from IP sgdma Version 2.5.0
Set the following parameters to cenfigure this component.
Diagram eth_sgdma Configure IP
Property Value
~ SGDMA Setting
Enable Separate Clock Domains for AXI4-5 Transmitter and Receiver
SGMDA CSR Register Acccess Interface Type APE
eth Sgdma AX| Data Width: 32
AXI Address Width: 2
—[Hare AXIID Width: [1- 8] 4
—EAXMS RX AXMS—TE I~ AX Stream Data Width: 8
B AXI4_BD_M — AXI Stream TDEST Width: [1 - 4] 1
—{apb_pclici X4 MR- A Stream TID Width: [1- 4] 1
. — u
— apb_presetn_i Memory Map to Stream FIFQ Depth: 4096
MM25_IRG =
—eclk - Stream to Memory Map FIFQ Depth : 4096
S2MM_IRGH~
—rstn
sgdma
4
User Guide Mo DRC issues are found.

Figure2.29. SGDMAControllerIP Configuration

2.5.9. UART

The Universal Asynchronous Receiver/Transmitted (UART) Transceiver IP core perfortesysamadlel conversion of
data characters received from a peripheral UART device and pdocafietial 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®BT IP User Guide (FPBAG

4, Module/IP Block Wizard s
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] 100
system uart Serial Data Width )
y = Stop Bits 1
Parity Enable
(P8 S0
clk_i INT_MJ4]
- - + ~ Baud Rate
rst ni txd o Baud Rate Type Standard
. UART Standard Baud Rate 115200
rxd_i
~ UART Feature Enables
uart FIFO Enable
Rx Ready Enable
Tk Ready Enable
4
User Guide No DRC issues are found.

Figure2.30. UART IP Configuration
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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)

% Module/IP Block Wizard

Configure Component from IP gpio Version 1.8.0
Set the following parameters to cenfigure this compenent.

Diagram system_gpic Configure [P
Property Value
= General
MNumber of I/0 Lines [1-32] &
Remove Tri-5tate Buffer =
Initial Output Value (hex) [0 - FFFFFFFF] 28
system_gpio
10 Direction (hex) [0 - FFFFFFFF] 3B
[4HAPE S0
R ‘NTE Interface APB
clk_i .
o gpio_en_o[5:0
gpio_i[5:0] .
. gpio_o[5:0
resetn_i
gpio
4 L3
User Guide Me DRC issues are found.

Figure2.31. GPIO IP Configuration

2.5.11. 12C Controller

The 12C Controller IP core provides a standaawire external I12C bus interface. It supports -@fitband interrupt

and configurable transmit/receive FIFO size to minimize intervention by the host. In GSRD, it is used to control the
Marvell PHY register space inside the SFP connector.

For more information about For more information about the IP core including register map information, ré€r to
Controller IP Core (FP&RUG02071)
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Configure Component from IP i2c_controller Version 2.3.0
Set the following parameters to configure this component.

Diagram eth_ic Configure [P
Property Value
~ General
APB Mode Enable =
Remove Tristate Buffers
- FIFO
eth_i2c
FIFO Depth 16
- APB SO INT | Implementation of FIFO EBR
- TX FIFO Almost Empty Flag [1 - 256] 2
| Clk | SC| io_ R FIFO Almost Full Flag [1 - 256] 14
~ Clock
—rst ni Sda o— System Clock Frequency (MHz) [10-200] | 100
T B Desired SCL Frequency (kHz) [100 - 1000] | 100

i2c_controller

4 ]

User Guide Mo DRC issues are found.

Figure2.32. 12C IP Configuration

2.5.12. 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 RASIPU 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, LMMI config block as well as low
frequency clock for RISCCPU.
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% Maodule/IP Block Wizard

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

Configure [P
Property

Diagram dual_boot_fpga_config

~ General

FAMILY

dual_boot_fpga_config

EAPBfSO

clk_in

config_active

. Ifclock_ou
rst_n_i

fpga_config

e Mo DRC issues are found.

Value

SIM[D --> SYNTHESIS and 1 --> SIMULATION] | O

LFCPMNX

Figure2.33. Multi-Boot Module Configuration

2.5.13. System Memory

The System Memory implements EBR, LRAM, or Distributed Memory in either single port or dual porbAdka4
subordinate. In GSRD, System Memory is configured with LRAM as the memory type and single port AXI4 as the

interface. The System Memory inthiSé& A 3y A &

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

dza SR

g2

aid2NEB

0KS a2B8KBGT 21 RS NI

%, Module/IP Block Wizard

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

Diagram systermn_boot_mem

system_boot_mem

Configure IP
General Port 50 Settings
Property Value
~ General
Interface AX14
Memory Address Depth [1- 114688] 32768
Data Bus Width(bits) 32
Memory Type LRAM
Port Count 1
AXI4 1D Width &

~ Data Streamer

Enable Data Streamer

= Initialization

Initialize Memory

Mo DRC issues are found.

Port 51 Settings

Figure2.34. System Memory IP ConfiguratioiGeneral
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Configure Component from Module system_memory Version 2.4.0
Set the following parameters to configure this compeonent.

Diagram system_boot_mem Configure IP

General Port 50 Settings Port 51 Settings
Property Value

~ Port 50 Settings
Enable Port 50 Memory Core Output Register [

system_boot_mem

[HHAxI_s0

axi aclk i Access Type for Port 50 RAW

axi_resetn i

system_memory

Mo DRC issues are found.

Figure2.35. System Memory IP Configuratiofi*ort SO Settings

2.5.14. PLL
The PLL IP is used to generate multiple clocks used in the system. There is one PLL instance used in GSRD, system_pll.

For more information about the IP , refer RLL Module User Guide (FRIBAIG02063)

%, Module/IP Block Wizard x
Configure Component from Module pll Version 1.9.1
Set the following parameters to configure this component.
Diagram system_pll Configure [P
General Optional Ports
Property Value e
- General
Syste m pl | Cenfiguration Mode Frequency
'd ™
Enable Fractional-M Divider ]
Clkop oF— Enable Spread Spectrum Clock Generation
Enable Internal Path Switching
—clki_i clkos2_ol—
~ Reference Clock
1 CLKI: F MHz) [18 - 800 125
—rstn_i clkos_of— requency (MHz) [18 - 800]
lock_o}— _
- Enable Reference Clock Menitor
. J 7 Feedback
4 » = Calculate
User Guide Mo DRC issues are found.

Figure2.36. PLL IP Configuratiofiseneral
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% Module/IP Block Wizard x
Confi Comg it from Module pll Version 1.9.1
Set the fellowing parameters to configure this component.
Diagram system_pll Configure IP
& General Optional Ports
Property Value -
SySte m pl | CLKOP: Frequency Desired Value (MHz) [6.25- 800] | 125
s ~ CLKOP der Actual Value [1- 128
CLKOP Tolerance (%] 0.0
clkop_ol— CLKOP: ERROR (PP
CLKOP: Enable Trim for CLKOP
—clki_i clkos2_of— | ¥ Secondamy@ockoutpue
CLKOS: Enable
] rStn_I cl kOS_O | CLK??: Frequency Desired Vﬂ‘l..IE (MHz) [6.25 - 800] 100
0.0
lock_of—
\_ Y, CLKOS: Static Phase Shift (Degrees) 0
pl | CLKOS: Enable Trim for CLKOS
CLKOS2: Enable
CLKO52: Frequency Desired Value (MHz) [6.23 - 800] 125 -
F » = Calculate
User Guide Mo DRC issues are found.
Figure2.37. PLL IP ConfigurationGeneral
4y, Module/IP Block Wizard
Configure Comg it from Module pll Version 1.9.1
Set the following parameters to configure this component.
Diagram system_pll Configure IP
General Optional Ports
Property Value -
| I CLKOS Tolerance (%] 0.0
I ™~ CLKOS: Static Phase Shift (Degrees) 0
CLKOS: Enable Trim for CLKOS
clkop_o}— _
CLKOS52: Enable
—clkii clkos?2 o— CLKOS?: Frequency Desird Value (M) [6.25 -800] 125
1 CLKOS2 Tal %, 0.0
—rstn_i  clkos_o— os2 _“ﬂf’f”j"-_ E )
CLKOS2: Static Phase Shift (Degrees)
lock_o— _
\_ y, CLKOS3: Enable
pl I CLKOS4: Enable
CLKOS5: Enable L
4 » d Calculate
User Guide MNe DRC issues are found.

Figure2.38. PLL IP ConfigurationGeneral
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%y, Module/IP Block Wizard
C C from pll ion 1.9.1
Set the following parameters to configure this component.
Diagram system_pll Configure [P
~ General Optional Ports
Property Value
Systel n p” Set 1/0 Pin for PLL Reference Clock
- ~ ~ DynamicPhase ControlPorts
Enable Dynamic Phase Ports
clkop_o TGockEnablePorts
CLKOS Enable Port
—clki i clkos?2 o CLKOS2 Enable Port
1 Provide PLL Reset
—rstn - clkoso
| k Provide PLL Lock Signal
OCK_O— o
- PLL Lock is Sticky
- J TRegsterinterface
pl I Select Register Interface Mone
Enable Legacy Mode
Enable Powerdown Mode
-
Pl » Calculate
User Guide Mo DRC issues are found.

Figure2.39. PLL IP ConfigurationOptional Ports

2.5.15. Reset Modules

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

domainwithout causingmetastabilityor glitches on reset signals.

3. Module/IP Block Wizard

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

Diagram cpu_dk_rst_sync

Configure IP

cpu_clk_rst_sync

dest_clk
src_rst_n dest rst n

dest_rst

Iscc_reset

4

*|  Property Value

Reset Mode ASYNC
Mumber of Synchronizer Stages [2-4] 2

Simulation Mode

Document

No DRC issues are found.

Figure2.40. Reset Module Configuratioq General
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2.5.16. AXIS FIF®lodule
TheAXIS FIFO i®used to buffer datdetweentwo different clock domaiswhile maintaining the AXI stream protocol

4, Module/IP Block Wizard X

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

Diagram tsemac_rx_fifo Configure [P
S General
Property Value
AKX Strearm TDATA Width 8
AX Stream TID Width 1
tsemac_rx_fifo 2] Strearn TDEST Width 1
AX Stream FIFO DEPTH 128
_EAXMSj FPGA Fraily LFCPNX
. FIFO Resource Inference EBR
—|m_aclk i Enable or Disable CDC FIFQ | ASYNC
—m_aresetn_i AXI4SJ\E—
—s_aclk_i
—s_aresetn_i
axis_fifo
4 3
User Guide Mo DRC issues are found.
Figure2.41. AXISRXFIFO ModuleConfigurationg General
4y Module/1P Block Wizard X
Configure Component from IP axis_fifo Version 1.0.0
Set the following parameters to configure this component.
Diagram tsemac_tx_fifo Configure P
= General
Property Value
AX| Stream TDATA Width 8
AXI Stream TID Width 1
tsemac_tx_fifo AXI Stream TDEST Width 1
AX| Stream FIFO DEPTH 128
_EA)(MSj FPGA Fraily LFCPNX
ki FIFO Resource Inference EER
—|m_adi Enable or Disable COC FIFO | ASYMNC
—Im_aresetn_i AXI4S_I\E—
—s aclk i
—is_aresetn_i
axis_fifo
4 »
User Guide Mo DRC issues are found.

Figure2.42. AXISTXFIFO Module Configuratiog General
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2.6. System Level Interfaces

Table2.5. System Level Interfaces

Top-Level Interface Name ﬁlrg)tgggle L Description

Advanced eXtensible Interface 4 | AXI4 Used for Data/Control Interfaces on all IPs

Advanced Peripheral Interface APB Used as Control Interface for lespeed IP and LPDDR4 N
Serial Peripheral Interface SPI Used for communication with external SPI Flash

Dual Data Rate LPDDR4 Used for communication with external LPDCHARAM
10/100/1000 Mbps Ethernet SGMII Used for communication with external SFP module
Inter-Integrated Circuit 12C Used for configuring the external PHY in the SFP modu
Universal Asynchronous UART Used for CPU printouts

Receiver/Transmitter

General Purpose 1/0 GPIO Used for LED® indicatethe SGMII link speed

2.7. SoC Memory/Address Map
Table2.6. Address Map of GHRD

Base Address End Address Size (KB/MB) Subordinate
0x8000_0000 0x8001_FFFF 128kB System Memory
0x0000_0000 OXLFFF_FFFF 512 VB LPDDR4 AXI
0xC000_0000 0xC000_OFFF 4kB UART APB
0xC000_1000 0xC000_1FFF 4 kB GPIO APB
0xC000_2000 0xC0002_FFF 4 kB Multi-Boot Config APB
0xC000_3000 0xC000_3FFF 4kB SGDMAControllerAPB
0xC000_4000 0xC000_7FFF 16kB TSE APB
0xC000_8000 0xC000_AFFF 12kB Reserved
0xC000_B000 0xC000_BFFF 4kB LPDDR4 APB
0xC000_C000 0xC000_CFFF 4kB I12C Controller APB
0xC000_D000 OXC3FF_FFFF T Reserved
0xC400_0000 0xC400_OFFF 4kB Octal SPI Controller
0xC400_1000 OxF1FF_FFFF T Reserved

CPU Local Memory

0xF200_0000 OxF20F_FFFF 1 MB CLINT
0xFCO00_0000 OxFC3F_FFFF 4 MB PLIC

0xF000_0000 0xF000_O03FF 1kB Reserved_Spacel
0xFO000_0400 OxF1FF_FFFF 31 MB Reserved_Space?2
OxF210_0000 OxFBFF_FFFF 159 MB Reserved_Space3
0xFC40_0000 OxFFFF_FFFF 60 MB Reserved_Space4
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2.8. Design Constraints

The design constraints are divided into two parts,-Byathesis (SDC) and R8yinthesis 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_nameypdc Lists inter board delay and false path definitions.
IO <Project_namexpdc Pin locking of all O and 1O standard matching board requirement

2.9. Resource Utilization

Figure2.43 shows the approximate GHRD resource utilization Balole2.8 shows the total LUT4, PFU register, 1/0
buffer, and EBR resource utilization tbe LFCPNX00device.

implzl LuT4 Logic istributed RAM | Ripple Logic PFU Registers |10 Registers 10 Buffers DSP MULT EBR Large RAM
~ soc_golden_gsrd 35903(2) 26807(2) 4482(0) 4614(0) 26501(157) 2(0) 75(16) 6(0) 80(0) 2(0)
b tsemac_tx_fifo_inst 74(0) 48(0) o{o) 26(0) 72(0) o{0) o(0) o(o) 1{0) 0{0)
+ tsemac_rx_fifo_inst 74(0) 48(0) o(o) 26(0) 72(0) 0(0) 0(0) a(o) 1(0) 0(0)
» system_uart_inst 236(0) 190(0) o(o) 46(0) 146(0) 1(0) 0(0) a(o) 0(0) 0(0)
» system_pll_inst 1(0} 1(0} o(0) o(o) o(o) 0(0) 0(0) a(0) 0(0) 0(0)
» system_ospi_fc_inst 1640(0) 1206(0) 192(0) 242(0) 1231(0) o(o) 4(0) o(o) 2(0) o(o)
» system_lpddrd_mc_inst 11733(0) 9301(0) 1260(0) 1172(0) 8513(0) 1(0) 49(0) o(o) 33(0) o(o)
» system_ic_inst 8705(3) 5275(3) 3006(0) 424(0) 5594(0) o{o} o(o} 0(0) o{o} o(o)
» system_gpio_inst 90(0) 90(0) 0(0} o(0} 75(0) o(0) o(a) o(o) o(0) 0(0)
» system_boot_mem_inst 1263(0) 1179(0) 0(0} 84(0) 658(0) 0(0) o(0) o(o) 0(0) 2(0)
» system_apb_ic_inst 130(0) 130(0) 0(0} 0(0} 8(0} 0(0) o(0) o(o) 0(0) 0(0)
» sys_clk_rst_sync_inst 0(0) 0(0) 0(0) 0(0) 2(0) 0(0) o(0) o(o) 0(0) 0(0)
b riscv_rx_cpu_inst 4823(1) 3951(1) 6(0) 866(0) 3595(0) o(0) o(0) 6(0) 18(0) 0(0)
v perip_clk_rst_sync_inst 0{0) 0{0) 0{0) 0{0) 2(0) 0(0) 0(0) o(0) 0(0) 0(0)
+ mac_clk_rst_sync_inst o{o) o{o) o{o) o{o) 2(0) o{0) o(0) o(o) 0{0) 0{0)
v Ipddra_sclk_rst_sync_inst o(o) o(o) o(o) o(o) 2(0) 0(0) 0(0) a(o) 0(0) 0(0)
» jtaghub_top_inst 34(33) 20(19) 0(0) 14(14) 53(53) o(0) 4(a) 0(o) o(0) o(0)
» eth_tse_mac_sgmii_inst 3885(0) 2985(0) 18(0) 882(0) 3469(0) 0(0) 0(0) a(0) 5(0) 0(0)
» eth_sgdma_inst 2287(0) 1633(0) o(o) 654(0) 2090(0) 0(0) o(0) o(o) 18(0) 0(0)
» eth_i2c_inst 581(0) 455(0) o{o} 126(0) 500(0) o{o} 2(0} 0(0) 2(0} o{o}
» dual_boot_fpga_config_inst 55(0) 55(0) o{o) o{o) 55(0) o{o} o(o} 0(0) o{o} o(o)
» cpu_clk_rst_sync_inst 0(0} 0(0} 0(0} o(0} 2(0} o(0) o(a) o(o) o(0) 0(0)
» axi_clk_rst_sync_inst 0(0} 0(0} 0(0} 0(0} 2(0) 0(0) o(0) o(o) 0(0) 0(0)
» axid_to_apb_bridge_inst 290(0) 238(0) 0(0} 52(0) 201(0) 0(0) o(0) o(o) 0(0) 0(0)

Figure2.43. LFCPNX00DeviceGHRDApproximate Resource Utilization

Table2.8. GSRD Total Approximate Resource Utilization

. Approximate Percentage
Resource Approximate Usage Ugﬁzation g
LUT4 (Logic + Distributed RAM + Ripple Logic) 35903 44.9%%
PFU Register 26501 33.1%%
I/0O Buffers 75 2508%
EBR 80 38.46%
LRAM 2 29%
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Table3.1 shows the input/output interface signals for the té@vel module.

Table3.1. Toplevel /O

Signal Name 1/0 Type 1/0 Width Description
pli_clk_i Input 1 Reference clock input for internal PLLs
Ipddrd_pll_refclk_i Input 1 Reference clock input for LPDDR4 MC internal PLL
system_rstn_| Input 1 é\c;\t/ivsgr:c:\éverﬁiztr (i;put for design. Activate by pressing push butf
GPIO
General Purpose /O signals connect to DE®and D& on board
to indicate SGMII link speedpio_0[1:0(D66:D6%
. 00: 10 MbpsD6b = OFF, D&= OFF
gpio_o Input/Output 2 01: 10 Mbps. 085 = OFF, 66 = ON
10: 10® Mbps. 065 = ON, B6 = OFF
11:Not defined D65 = ON, B6 = ON
UART
uart_txd_o Output 1 UART transmits output. Connects to the board TXD signal.
uart_rxd_i Input 1 UART receives input. Connects to the board RXD signal.
Octal SPI Controller
ospi_clk Output 1 Serial clock to SPI Flash
ospi_ss_n o Output 1 SPI Flash chip selects
ospi_dt_io Input/Output 4 Serial data between FPGA and external SPI Flash
LPDDR4 Memory Controller
Ipddr4_ca_o Output 6 LPDDR4 command/address
Ipddrd_ck_o Output 1 LPDDRA4 clock
Ipddrd_cke_o Output 1 LPDDRA4 clock enable
Ipddr4_cs_o Output 1 LPDDRA4 chip select
Ipddr4_dmi_io Input/Output 4 LPDDR4 data mask
Ipddr4_dqg_io Input/Output 32 LPDDR4 Data
Ipddr4_dqgs_io Input/Output 4 LPDDR4 data strobe
Ipddr4d_reset_n_o Output 1 External Memory chip reset signal
Connects to LED64for LPDDR4 initializatiostatus check
Ipddr4_init_done_o Output 1 0: Initializationand training aren progressLED= OFF
1: Initialization and training are completedED= ON
Connects to LED67for LPDDR4 PLL lostlatus check
Ipddr4_pll_lock_o Output 1 0:PLL is unlockedlED= OFF
1: PLL is locked.ED= ON
Connects to LED105for LPDDR#ainingstatus check
Ipddr4_trn_err_o Output 1 0: TrainingpassesLED= OFF
1: Trainingfails.LED= ON
SGMII PCS/GbE
sgm?!_strxp_?/ Input 1 SGMII PCS receive data from SFP
sgmii_sdOrxn_i
zgz:::zgg:zﬁ:g/ Output 1 SGMII PCS transmits data from SFP
Connects to LED63Ethernet autenegotiationlink statuscheck
sgmii_an_link_ok_o Output 1 0: Link downLED= OFF

1: Linkup. LED= ON
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Signal Name 1/0 Type 1/0 Width Description
12C
sfp_i2c_scl Input/Output 1 12C Clock
sfp_i2c_sda Input/Output 1 12C Data
sfp_disable_o Output 1 Connects to SFP module to TX disable pin
Multi-Boot
Connects to LED68to check MultiBoot Configuratiorlock
config_active_o Output 1 status

0: Configuration is done. LED = OFF
1: Configuration is in progress. LED = ON
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4. Software Components

The Golden System Reference De$@8RDis enabled by RISCcore based on FreeRTOS and Lattice FPGA IP drivers.
Lattice developed Board Support Packéi@8RJrivers in C language act as intermediaries, facilitating communication
between the hardware elements on the FPGA and FreeRTOS software. During boot up, these drivers initialize and
configure FPGA peripherals to establish effective coordination with tBERprocessor.

Lattice GSRD uses thpen-sourcelightweight TCP/IP (IwlP) Ethernet stack. It supports ICMP ping in lwIP TCP/IP

Ethernet stack. This example demonstrates how GSRD receives an Internet Control Message(RrbtBquhcket

Echo Request and sends an Echo Reply to the target which is Windows based or Linux based PC. The IP addresses for
both the PC and GSRD are hardcoded to 192.158nd 192.168.1.4 respectively.

During a ping session, the Béhdsout an ICMP echo request packet and wait for an ICMP echo reply from Lattice
GSRD. The request packet is sent with a specific timestamp, and upon receiving a valid ICMP echo reply, the PC
generates metrics such as packet loss, elapsed time, and other relevant data.

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 For LPDDR4 &moryController configuration, it first reads if the PLL Lock status is set and then initiates Memory
Training and waits until training is compldteConfigures the Octal SPI Controller to read the application software
stored into external flash while FIFO is disabled using API and copies it into LEIDRAMIt then calculates the
CRC value on the entire application software copied into LPBDRAMyy using crc16_ccit() APl 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 triggeviatii-Boot Configuration module. This step is only used in
Primary GSRD system.

4.2. Primary and Golden Application

ThePrimary and Golden applications are implemented in FreeRRO®/IP with the following functions:

1 Executed by RISCRX CPU from LPDCH2RAMvhere it initializes the BSP and Operating System

1 Initializethe TSE IBy setting uphe auto-negotiatedEthernetlink speed (10/100/1000 Mbps), MAC address and
full duplex modebased orthe selectedconfiguration

1 For the SFP PHY initializati@rconfigures the PHY using i2c_phy_init() API by writing the configuration into PHY
Status Register. It then performs a PHY reset before starting the TSE packet traffic. The PHY configuration checks if
the Marvell 88E1111 PHY is attached before perfogthe configuration.

1 12c_linkup_status() API checks if aumegotiation is established on the Ethernet port to receive or transmit
Ethernet packets.

1 Configure the IwlIP with the IP address (default to 192.168.1.4), and setup the netmask and gateway address for
ping connection.

1 Configure the SGDMBontrollerMM2S (MemoryMapped to Streaming) interface for transferring the Ethernet
ping packets to TSE MAC and set up S2MM (Streaming to Memory Mapped) interface to receive ping packets from
the TSE MAC.

1 Runs FreeRTOS scheduler and Task Hakdlery incoming Ethernet ping packet is displayed with some minor
R 2 (indictor on the UART terminal.
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5. Theory of Operation

The GSRD system comprises Bystem on ChiffC) designs and corresponding software stacks, called as Primary

and Golden images. Each SoC design is linked with its respective bootloader and FreeRTOS application software. These
SoCs are built using Lattice Propel Builder, and Lattice Radiant softwégeTtbe Lattice Propel SDK provides a

software development environment for firmware development. 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 $Siesteory

and is part of the bitstream. The bitstream and the FreeRTOS application software are stored in the external SPI Flash
(Macronix or Winbond).

During powefon, 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 theFGA. Once the FPGA is configured, the DONE LED on the board glows green.
Immediately, the RISE starts executing the bootloader software 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 FreeRTOS application software from external SPI Fltshénternal LPDDR4 memory

device for software execution. Once the application software is copied, the\Rt8€cks the CRC on the entire copied
application software. If the CRC check fails, R18(@iates a soft reset/refresh by instructing the mdtot

configuration module to start the PROGRAMN sequence. The PROGRAMN sequence loads the next bitstream into the
FPGA which in this case would be the Golden FPGA and software images, and the same process follows. Once CRC
check passes for either Primary ®olden application software, the RES@rogram counter jumps to the application
instructiorQa adl NIAy3 | RRNBaa FyR adlFNIa G4KS CNBSwe¢h{ I LILI AC

5.1. Boot-Up Sequence

This section describes the RIS&X CPU boot up sequence in detail that configures IP drivers, 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 stored into
the external SPI Flash. Upon poveer boot up, the Primary bitstream is loaded to the SRAM by Config Engine to
configure the FPGA. Thehg bootloader configures the peripherals and GSRD building blocks such as UART, GPIO,
LPDDR4 Memory Controller and Octal SPI Controller.

1 The bootloader fetches the respective Primary application software through the Octal SPI Controller into System
memory.

1 As the application software needs to be executed from external memory, the\RCI loads the application
software into LPDDR4 memory device.

91 This application software is stored at the beginning of the LPDDR4 memory mapped address. After the application
software is loaded, the RISCCPU calculates the CRC of the application code in LPDDRA4.

1 The CRC of the application software in LPDDR4 memory dewaleukted andalidated against the reference
CRC embedded in SPI flash.

1 If the calculated CR@atches the reference CRC, the RVISCPU jumps to FreeRTOS execution in LPDDR4 memory
device.

1 If the calculated CRC mismatches the reference CRC, th&/ RIBQ issues a FPGA REFRESH command to load the
Golden bitstream and application software from the SPI Flash.

1 Octal SPI Controller performs a saifgnostic check for read, write and erase operations. Refépfmendix D.

Using Octal SPI Controller for Read, Write, and Eras®aglfiostic Check (FreeRTAMplication Softwarkfor
more information.

1 FreeRTOS initializes SGD@Extroller TSHP, 12C Controller IP, and uses 12C Controller to configure PHY settings

in SFP module for Ethernet connection.

LwlIPis enabledwith the configurationin TSE IFor Ethernetconnection

FreeRTOBxecutes thaask scheduler.

= =
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5.2. Data Movement

This section describes the RIS&X CPU FreeRTOS application software execution in detail.

1 Upon the execution of the correct Primary or Golden application software from LPSDRANthe 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 3t & gAGK ,NBOSA IS
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 LPDDFSDRAM

1 When data is written into the LPDDRBRANMSGDMAControllertriggers interrupt to RIS& CPUWo acknowledge
the data transfer is completed. RISGCPU then clears the SGDMA y (i NJateriu@ MNana.

1 Once interrupt is servicedhe RISE&/ goes back to the main task scheduler to execute the next task.

AXI Bus Memory /O | DDR
b Controller | "| LPDDR
RISG®/ |AXIBus
RX l L
Data Flow In
AXI Interconnect
< AXIBus | scDMA [$XBY TsEmAC «O» Ras

Figureb.2. Ethernet Data RX Flow
1 For outgoing data, data is fetched from a location inside LPHDIRAMY RIS/ CPUTheSGDMAController

transfersthe data to TSE IP for transmission outside the FPGA.
1 When no data activity occurs over Ethernet, the R¥ISTPU continues running idle task in FreeRTOS.

RISG/ |AXIBus
RX [ 7

AXI Bus Memory | |I/O| DDKF
N | Controller [ LPDDR

AXI Interconnect
Data Flow Out

AXIBus  , scpMA WXBY TsEmAC 11O Ras

Figure5.3. Ethernet Data TXlow
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6. Running the GSRD Demonstration

This section describes the procedure for running the GSRD demonstration using-thélpexecutables and binary

files in the design package. You can skip this chapter if you do not want to run the GSRD demonstration or reference

design on hardware.

6.1. Executables

This section provides the directory structure, file names and locations of the executables (SPI Flash) required for
running the GSRD demonstration. Your Certud¥PXoversa Board has either flash device from Winbond or Macronix as

= LATTICE

stated inTable6.1. Refer tathe Hardware Requirementsection to identify which flash device is mounted on your

board.

Table6.1. SupportedFlash Devices

Board

Flash Device

CertusPreNX Versa Board

Winbond W25Q512JV

CertusPreNX Versa Board

Macronix MX25L51245G

1 Download the design package from the Lattice Semiconductor wel&itéoDesign Filén the GHRD/GSRD
Demonstration download theCertusPreNX Golden System Reference Desigh and Dema B8dreamfile.

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

1 The extracted directory has the following executables listetable6.1 and Table6.2.

Below arethe bitstreams and software image binaries for programming the FPGA.

Table6.2. Executable Files for Winbond Flash

File Description

File Name

Starting Address in SPI Flash

Primary Software with CRC

c_primary_appcrc_wb.bin

0x028A 0000

Primary FPGA Bitstream

soc_primary_gsrd_wb_impl1.bit

0x0000 0000

Golden Software with CRC

c_golden_appcrc_wb.bin

0x0280 0000

Golden FPGA Bitstream

soc_golden_gsrd_wb_impl1.bit

0x0000 0000

Multi-Boot MCS File (Golden + Primary Bitstream)

multiboot_system_wb.mcs

0x0000 0000

Table6.3. Executable Fileor Macronix Flash

File Description File Name Starting Address in SPI Flash
Primary Software with CRC C_primary_appcrc_mcrx.bin 0x028A 0000
Primary FPGA Bitstream soc_primary_gsrd_mcrx_impl1.b 0x0000 0000
Golden Software with CRC c_golden_appcrc_mcrx.bin 0x0280 0000
Golden FPGA Bitstream soc_golden_gsrd_mcrx_impl1.bi 0x0000 0000
Multi-Boot MCS File (Golden + Primary Bitstream) multiboot_system_mcrx.mcs 0x0000 0000

6.2. SettingUp the Hardware

This section provides the procedure for setting up the CertudPtd/ersa Evaluation board for GSRD demonstration as

shown n Figure6.1 and Figure6.2.

win: fatticesemi.com/legal



http://www.latticesemi.com/legal
https://www.latticesemi.com/products/designsoftwareandip/intellectualproperty/demos/ghrd-gsrd-demonstration
https://www.latticesemi.com/products/designsoftwareandip/intellectualproperty/demos/ghrd-gsrd-demonstration

Golden System Reference Design and Demo User Guide v3.0 for CertbisPD®evices .l.ILATT’CE
Reference Design

GPIO and Flash

Headers(J17-18) ADC Headers 3-digit
witches Camera PMOD-1 LPDDR and Jumpers Display ADC DFO
SWI)

JTAG HeaderS
@1 ( Connector (%64-65) (26-29) (D60)  (25)

Raspberry Pi
Connector(23)

% — POT(R143

DONE and

Indicator LED: [
(D106) 12V Source
(SWe)
USBE Out
(B1)
12V In(44)
USE In SPI Flash
(U12) (Us)
- H . S ; | : 1Gb SFP
By & (316)
1Gb SFP
(a5
9 b 5 10Gb SFP
- T R m } L ] )
10Gb SFR —
(12

PCle RC
LFCPNX SERDES
PCle Edge LFL(j:lPNX Connector Connectorg2-11)
Connector Uy x1)

N Indicator LEDs

(D63-68, D104-105)

Figure6.1. CertusPreNX Versa Evaluation Board

B2

B4
B3

£ <R "L e 3 Rt “
i e 000D WHHO

a2

Figure6.2. ConnectionsJumpersand SwitchesNeeded for Demonstration

To set up the hardware, perform the following:

1. / 2y ySOG GKS m™Hi 2+ SNEXA D JBIFD 1LIG S NJ

2. 1 2yySOGnndKkStaAx3botS FNBRY t/ G2 Wono

3. /1 2yySOG 2dzYLISNER 2y t Ay &SFWHENESKY o S2y 'avdiPK WoH | yR Wi
4. | 2yy SO0l 2dzYLISNI 2y KSR B S MISY YR fARAYY Pk y21Y WPy
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5, 9Oy AdzNEB &IIK 2 F GKS 2dzYLISNE | NB Lt 150G RISHRS t ANES SIE RS D Ddzt dz 12
' 4 SNJ DdzA®RH HE o O !
6. LYaSNI G(KS 90G4KSNYySiG {Ct Y2RdzZ S 2yi{i2 WmH O02yySOi2N»D

a. Connect the Ethernet RJ45 cable from the host PC caltihe t6thernet SFP module.
7. ¢dzNJ/ LI2 ¢35 Hd {i DK

6.3. SettingUp the UART Terminal

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

To set up the UART terminalerform the following
1. /2yyS0d GKS fbl G &SN |/ DNA} dzidzl NiBA 2 y

2. hLISy t NBLISt {5Y (22
3. 52dzaDK & O] 2y (KS (yCMEmMBt AO2y aK2sy A
v - v @& rgr@~ ';.vUv‘;v._"' ' Q % # - - v v Q
{5 Project Explorer * i=a = B |5 Outline x =8

There is no active editor that provides
an outline.

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

L

%! Problems |+ Tasks O Console X
Mo consoles to display at this time.

Properties 4 Terminal

Figure6.3. UART Terminal Icon on Propel SDK Window

4. { SE{SONR I ¢
AN C A Jaipms
Note: This detail can also be found under the Ports (COM and LPT) saconr local PC, under Device
Manager. The COM port number can be different. If a USB port does not work, try a different USB port.

| ¢3S NivARYBI B Ly { SNALFf LI2NI RNBLIR2gY
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= -
oL na O >
Choose terminal: | Serial Terminal ~
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

& 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. SettingUp the NonVolatile Memory Register

For the GSRD design on Lattice Certu$Pfo/ersa Evaluation Boards, you need to ensure the settings of the One

Time-Programmable NoiVolatile Configuration Memory. You may skip this section if you have already taken this step

before. Otherwise, perform ane-time step by JTAG to modify the default MSPI addressing mode freit £132-hit.
This is necessary for theulti-boot feature to function properly.

For more information, refer té\ppendix A. Changirige SPIM Settings ithe NV Register
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6.5. Programming Standalone Golden or Primary GSRD Bitstream and Application

Software
To program the standalone golden or primary GSRD bitstream and applisafterare perform the following:
1. /1 2yySOG G mMS /+SNEdza tONBR € dzZ GA2Yy . 21 NR G2 | t/ dzaAy3

s

£

I
{SHiwyEKS 1aNRGA 2060 al 1S &adzNB 2dzYLJSNE 4 Wow |yR Woo

2. 126 8N0 GKS 021 NR®

3. [ FdzyOK [IFGGAOS t NRPANF YYSNI G22f/ONBII S KIS NS (6 WA
GKISNE2SOlG2y 2802 dNR 20t YIOKAYySed Ly (GKAa OF&asSsz Al
F2f RSN

Ay
C\m
&
=
il 50
<E
0\

Lattice Radiant Software 2025.1

Install&Uninstzll Cable Drivers

%

IP Packager

Power Calculator

Questa Lattice Edition

Radiant Programmer

CN e

Radiant Software

Radiant Software Help

Release Notes

Synplify Pro for Lattice

0D

TCL Console

Figure6.6. Launch Radiant Programmer from Windows Start

u Radiant Programmer - Getting Started X

New Project:

Project Name:  GSRD

Project Location:  C:/Work/test ~ Browse...

© Create a new project from a scan

Cable: ~ | Port: ~ Detect Cable

TCK Divider Setting (0-30x): 105
() Create a new blank project

Open Project:

() Open an existing programmer project

C:/Work/test/GSRD.xcf Browse...

oK Cancel

Figure6.7. Radiant Programmer Start Window

4. | t k@
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£ Radiant Programmer - GSRD.xcf * - [m| X
File Edit View Run Tools Help
PEE R BEE @80y B
Enable Status Device Vendor Device Family Device Operation Cable Setup g x
1 Generic JTAG Device JTAG-NOP Bypass Cable Settings
Detect Cable

Cable: HW-USEN-2E (FTCI) o

Port: FTUSE-0 ~

‘Custom port:

Programming Speed Settings v
< ||« »
T A

Figure6.8. Radiant Programmer. xcf Window
5, LT 56K OSaKk2 yASEANR O We ! QPOBR IR GFAaWE & FaehEs 2 dzLIRI G S
5SOAOSACFYNKXEBUAZ2Y [ dzu2YFUAOIIffeéeod
n Radiant Programmer - irmpl_1.xcf *
File Edit WView BRun Teocols Help
™ et (82 68 63 0 | 6B | B @ s
| Enable S-tatul Scan Device kdctr Clevice Family
Figure6.9. Scan Device Icon on Radiant Programmer
£ Radiant Programmer - impl_Txcf*
File Edit View Run Tools Help
Pt H R BERRBGE
Enable Status Device Vendor Device Family Device Operation
1 Lattice LFCPMNX LFCPMNX-100 Fast Configuration
Figure6.10. Select Device for Programming
6. / A0l 2y (KS KAIBEWERG S R ALK wxyTKy/ iy S\NIHdikEE A K2 gy A

£ Radiant Programmer - impl_1xef *
File Edit View Run Toels Help

el & 8@ 2 80y B

Enable Status Device Vendor Device Family Device Operation

1 Lattice LFCPNX LFCPMNX-100 Fast Configuration

7. 52 dzDff 8 O h ¥ NILkK 2 y2rd ND B KIBYSRI A0St SANER LISNI A S &

Figure6.11. Device Selected for Programmer
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£3 LFCPMX - LFCPMX-100 - Device Properties — O >

General Device Information

Device QOperaticn

Target Memony: Static Random Access Memory (SRAM)
Static Random Access Memory (SRAM)
MNon Volatile Configuration Memaory
Access Mode: External SPI Flash Memaory (SP1 FLASH)

Port Interface:

Operation: Fast Configuration b

Programming Opticns

Programming file: |

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

Cancel

Figure6.12. Select the Target Memory for ProgrammimgSPI Flash

8 .ST2NB LINPIN)IYYAy3dIs &2dz ySSR (2 SNras$s
oy @A 3N
£3 LFCPNX - LFCPNX-100 - Device Properties - O X
General Device Information

Device Operation

Target Memony: External 5Pl Flash Memory (SPI FLASH) ~
Port Interface: JTAGZ25PI i
Access Mode: Direct Programming !
Operation: Erase All L

5P| Flash Options

Family: 5PI Senal Flash R
Vendor: Macronix b
Device: MX25L51245G b
Package: B-land WS0ON R

5PI Programming

Data file size (Bytes): 0 Load from File
Start address (Hex): (00000000
End address (Hex): Ox0ZFFOO00

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

[ secure 5Pl flash golden pattern sectors

Cancel

Figure6.13. Device Properties to Erase the Macronix SPI Flash

8 K 8 6 @ ¥ Aganis
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a LFCPNX - LFCPNX-100 - Device Properties — O X

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH)
Port Interface: JTAG2SPI e
Access Mode: Direct Programming o
Operation: Erase All e
SPI Flash Options
Family: SPI Serial Flash ~
Vendor: WinBond g
Device: W25Q512V v
Package: 8-pad WSON -

SPI Programming

Data file size (Bytes): 0 Load from File
Start address (Hex): 0x00000000
End address (Hex): 0x03FFO000

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

Secure 5P| flash golden pattern sectors

Cancel

Figure6.14. Device Properties to Erase the Winbond SPI Flash

R&YR Ot A01 2y GKS t NBINIWwdzs SEHAONE DNIEWA RINBKBES & S§ WS
4K aSY2NERED® 2| A FT2NJ GKS LINPOS&aa (2 o068 O2YLX SiSRO

u Radiant Programmer - impl_1_T.xcf *
File Edit View Run Tools Help
TEd G el s e s B

Enakle Status Device Vendor | Program Device h

Figure6.15. Program Button to Program the SPI Flash
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Output

INFD =850212%4= - Devicel LRFCPMX-100: W2SQS5127V: Erase All
Initializing...

ICede Checking...

Enter 4-Byte mode...

Enabling...

Erasing All...

Disabling...

INFC «=E5021359: - Execution time: 03 min : 25 sec

INFD =85021371> - Elapsed time: 03 min : 30 sec

Cutput Tdl Console

Figure6.16. Output After Erase All

10.t 25 SNJ 02 Of Sib 1 KESNB NI a8tk N& GA2y . 21 NR®
11.9N} 4SS GKS CthDe {w!ad /fAO0]

£3 LFCPNX - LFCPNX-100 - Device Properties - O X

General Device Information

Device Qperation

Target Memory: Static Random Access Memory (SRAM) b
Port Interface: JTAG b
Access Mode: Direct Programming e
Operation: Erase Only ™

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

Cancel

Figure6.17. Erase Only Operation for SRAM Programming

12. ¢ 2 LINE 3ONJ 32 fRKSSysyol at el SINIDAPE R S yWIOMBEAGNISY Ay (i 2 R R & 6{ tiIK SCRISE K
a4 & KEp AaehNBKIA JdkNb
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Q LFCPNX - LFCPNX-100 - Device Properties - O ot

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH) ~ |
Port Interface: JTAG2SPI v|
Access Mode: | Direct Programming w |
Operation: | Erase All b |

SPI Flash Options

Family: 'SPl Serial Flash v
Vendor: | WinBond ~
Device: ‘W25Q512)V v
Package: |8—pad WSON o

SPI Programming

Data file size (Bytes): 0 Load from File

Start address (Hex): 000000000 v
End address (Hex): 0x03FFO000 v
[ Turn off addresses auto updating

[] Erase SPI part on programming error

Secure SPI flash golden pattern sectors

[ ok || cancel |

Figure6.18. Device Properties to Program the Winbond SPI Flash
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£ LFCPNX - LFCPNX-100 - Device Properties ? x

General Device Information

Dievice Operation

Target Memory: External SPT Flash Memory (SPT FLASH) b
Port Interface: JTAGZISPT b
Access Mode: Direct Pregramming e
Cwperation: Erase,Program,Verify b

Programming Cplions

Programming file: l.“nIdenGSRD,u'c_golden_apprebugfc_golden_appcrc.b'ln | [D00ETEE

SPI Flash Options

Fanniby: SPI Serizl Flash o
Vendor: Macronie R
Device: MX25L51245G R
Package: 8-land WSON e

SPI Programming

Data file size (Bytes): (262144 Load from Filke
Start address [Hesx): D022 00000 e
End address (Hex): Q02530000 e

D Turn off addresses auto updating
D Erzse SPI part on programming error

D Secure SPI flash golden pattern sectors

o[ o

Figure6.19. Device Properties to Program the Macronix SPI Flash

13./ f R @
14.' 84S ¢/ Y SACGORBMN §BSGGAy3 on
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16.t 2 6 SNJ

Cable Setup =
Cable Settings
Detect Cable
Cable: HW-UISEN-28 (FTDI} £
Port: FTUSE-O Mt
‘Custom port:

Programming Speed Ssttings
() Use default Clock Divider

@ Use custom Clock Divider
TCK Divider Setting {0-30x):

IjO Seitings
@ Use default IO settings

O Use custom IfO settings

Figure6.20. Cable Settings for Device Programming

z00SaaftdA YSaar3asSo

ONHIXNF YOS $IR2ROBEI2 (2w dayK S YiSNRID MINIS Y58 @A @z O2yazf S
a2y {d

Output

INFC <85021294:> - Devicel LFCPNX-100: W25Q512MV: Erase, Program, Verify
Initializing...

|IDCode Checking...

Enter 4-Byte mode...

Enabling...

Erasing...

Disabling...

Enabling...

Programming...

Disabling...

Verifying...

INFO «85021399> - Execution time: 00 min : 06 sec
INFO «85021371> - Elapsed time: 00 min : 11 sec

INFO' 285021373 - Operation: successful,

Qutput  Tcl Console

Figure6.21. Radiant Programmer Console Output after Programming the SPI Flash

08 Of Sh I KESNBNI dA k NR O
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17.¢2 LINB3INI Y (GKS Ct D! D21ORSYY| DAY GidEMVERiyai BNRIELIRT (52 didkiSS a St
ACAIcENB L 1S 4dNB (2 LINBGARS GKS LI GK G2 GKS ®6Al FAES
dzy T ALIISR GKS SESOdzil of Sao
£ LFCPNX - LFCPNX-100 - Device Properties ? X
Generzl Device Information
Device Operation
Targzt Memory: Static Random Access Memory (SRAM) L
Port Interface: ITAG kg
Access Mode: Direct Programming ot
Operation: Fast Configuration ~
Programming Optlions
Programming file: |../../boc_golden_system.bit e [0
I:‘ Password Protection Options {Provide key file if password protection enabled)
=

Figure6.22. Device Properties to Program the FPGA Bitstream in SRAM

18./ f R@ Y R / ftANRIINI KE GBWADNE T2 &2 wik/S pY S yN® IANT HY 5dy RIS i K S
2LISNI GA2Y A& HOCGBENSTdA a4 &K26y A

INFD =85021074= - Check configuration setup: Start.

INFO =E5021075= - JTAG Chain Verification. Mo Errors,
INFD =85021078> - Check configuration setup: Successful.
INFD =B5021378> - Devicel LFCPNX-100: Fast Configuration
INFD <85021758= - Operation Done. Mo errors,

INFD =85021371> - Elapsed tirne: 00 min : 13 sec

INFD =85021373= - Operation: successful.

Figure6.23. Radiant Programmer Console Output after Bitstream is Programmed

19. { &) G KS ! we GSNYRAYE dWyEK SY §y (acd GERAVA Y |-
20.t NF&&o wl&iBiizy 2y GKS oyXMNRBNBA KAIKf AIKGESR A
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- ¢

FLATTICE SN

Figure6.24. SW3 Reset Button and SW2 PROGRABdttion

21. ¢ KS NBadzZ &4 2F NzyyAy3d (GKS D2f RSy D{w5 FINB Ia F2ff265:
1 ¢KS O2yaz2fsS akKz2dz R | LIS NIBNST®RA YaNgs | 3Sa | a aK2g

T | NRg | 8B ([d854 K2 & At
1 D63¢ Auto negotiation link status LED= OFF Link downLED = ONLink up
Note: Reset theFPGAy pressingWB whenever the SFP moduleramovedandre-inserted
1 D65 and D66 SGMiIlink speed

Table6.4. SGMII Link Speedefinition

D65 D66 Link Speed
OFF OFF 10 Mbps
OFF ON 100 Mbps
ON OFF 1000 Mbps
ON ON Not defined

1 D64¢ LPDDR#itializationstatus LED= OFFlnitialization and training are in progress. LEDN:
Initialization and training areompleted.

D67¢ LPDDR4 PLL Lathtus LED = OFPLL is unlocked. LED = ON: PLL is locked.

D105¢ LPDDRA4 training statusED ©FF: Training passes. LED = ON: Training fails.

D68 ¢ Multi-boot configuration statusLED = OFEonfiguration is doneLED = ON: Configuration is in
progress

= =4 =4

© 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.

FPGARD023221.0 60


http://www.latticesemi.com/legal

= LATTICE

Figure6.26. Golden GSRPOutput on UART Terminal for Bootloader and FreeRTOS Start
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Figure6.27. Golden GSRROutput on UART Terminal for FreeRTOS Running
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Figure6.28. Primary GSRD BootloadeOutput on UART Terminal

Figure6.29. Primary GSRD FreeRTOSutput on UART Terminal
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6.6. Programming the Golden, Primary Softwarand MCS file

This section demonstrates threulti-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.

E

o

C2ff2¢ {URBRMPENIYYAYy3I {{iFryRIf2yS D2f RSy 2NJt NAYI NE D-
aSO0iAz2y o 2Oy Bl (IKSs $RIF NR O
YSSLJ GKS T2t RSNkFAES 2F SESOdzil 6f S& KI yRéo

¢ 2  LINE Iz Yl Adok2S2 G g & 823MId3t Yiyrgoo2aeYiyas & F S BEY ORBOPYI84 1 KS FAf S
T2t RSNJ dKIFG &2dz R2yf2FRSR FyR IRR GKS FA{S Ay GKS t|
Fft20FGSR Fdzi2YFGAOIf f&aA/FapN®BA NY (KS aSiddAay3aa | a aKziq
£3 LFCPNX - LFCPNX-100 - Device Properties - O X
General Device Information

Device Operaticn

Target Memory: External 5Pl Flash Memory (SPI FLASH) ~
Port Interface: JTAG2SPI e
Access Mode: Direct Programming ~
Operation: Erase Program,Venfy ~

Programming Cpticns

Programming file: |C:/CertusPro-MNX/multiboot_system.mcs | | |OxEGFB

5Pl Flash Options

Family: 5Pl Senal Flash e
Vendor: WinBond e
Device! W2s5Q5121v b
Package: 8-pad WSON e

5P Programming

Drata file size (Bytes): |6?1U86?8 Load from File
Start address (Hex): (00000000 i
End address (Hex): (Ox03FFOO00 i

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

Secure 5P| flash golden pattern sectors

| ok || Cance

Figure6.30. Device Properties Window to Setup MCS Programming File
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Figure6.31. UART Terminal Output after PowZycling Board with MCS and Binaries Programmed
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Figure6.32. Switches to Golden GSRD upon SW2 PROGRAMN Button
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7. Compiling and Running the Reference Design

This section describes the process of compiling the GSRD/GHRD Reference Design. You can always start with the
Primary GHRD/GSRD project, which is a part of the Propel Template. Compilation is required to generate the necessary
binary files and bitstreamsdm the source files. The compilation process involves the following software tools for
generating the FPGA bitstream and software executable fil@sdetails, refer to théattice Software Tools
Requirementsection.

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

Table7.1. List of Actions andExpectedOutputs

Actions Outputs
sys_env.xml
Building GHRD SoC Project using Lattice Propel SDK and Builder. soc_primary_gsrd.sbx

soc_golden_gsrd.sbx
soc_primary_gsrd_impl_21.bit
soc_golden_gsrd_impl_1.bit

Synthesizing the RTL files and generating the bitstream using Lattice Radiant Softwa

Building the Hello World Program using Lattice Propel SDK and verifying tHé &18C
System Memory SoC design subsystem is built correctly
Note: This action is optional

riscv_rtos_helloworld.elf
riscv_rtos_helloworld.mem

c_primary_bootloader.mem
Building Bootloader binary files using Lattice Propel SDK and verifying the primary or| c_primary_bootloader.bin
golden bootloader image and SoC design are built correctly c_golden_bootloader.mem
c_golden_bootloader.bin
BuildingFreeRTOS binary files using Lattice Propel SDK and verifying the primary or | c_primary_appcrc.bin
FreeRTOS 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 projedking Lattice Propel SDéhd Propel Builder
To build the GHRD SoC design using Propel Template:

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

2. [Fdzy OK t N2 LISt {5Y I LILXAOIGA2Yy®

Q Lattice Propel Launcher >

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. Propel SDK Launcher

win: fatticesemi.com/legal


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v3.0 for CertbisPD®evices .l.lLATT’CE
Reference Design

3. ¢2 aStSO0 (KS g2N] aLl O6E ONR OHF N &dRi(KByK Q- NaSA- AeBERE W& 24 R S |
Ot AQ| daiy@2K ONBI GS G(KS ¢g2Nj aLl OSo
b2 {iSYYS 3A0Sy 06St26 A& tNAYINEB D{w5 & &2dz Y& 0S8 dzah
YIE1S Y2RAFTAOFGA2ya 2y (2L) 2F D2t RSy {2/ k/ ¢SYLIX Il GSao

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:\Drimary_gsrd V| | Browse...

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

Launch Cancel

Figure7.2. Provide Name for the Workspace Directory

4. | tE®TS B bSeg B [FG®AOS {2/ 5Sarday tNRe2SOi

Q primary_gsrd - Lattice Propel
File Edit Source Refactor Mavigate Search Project Run LatticeTools Window Help
New Alt+Shift«N > . Lattice 50C Design Project T - -
Open File... i Lattice C/C++ Project
™ Proj | Create a new Lattice SoC Design Project i
» Open Projects from File System... roject.. - -
Recent Files * BY Source Folder
Ct y i Folder
Chif ¢ Source File
Ctrl+5Sk V i
n Header File
+5 File from Template
Class
+5hift+5
™ Example..
I Other.. Ctri+N
™ Rename.. F2
Refresh F5
Convert Line Delimiters To ?
rint Ctrl+P
3 Import...
: Export..
Properties Alt+Enter
Switch Workspace ’
Restart
Exit

Figure7.3. Creating Lattice SoC Design Project

5. hy GKS {2/ tNB2SOl 6AYyR24Y

a. Enter a name for your SoC project

b. EnableBoardoption.

c. FomBoard Selecsection, selec€CertusPreNX Versa Evaluation Board

d. FromProcessosection selectRIS&/ RX

e. FromTemplate Desigrsection, selecGHRD SoC Project@iXas shown irFigure?.4.
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$ SoC Project

O >
Create SoC Project r—
Create SoC project of selected template |—
Project name:  soc_gelden_gsrd
B Use default lecation
Location:  CAWork\GSRD3.0\Beta_Release\CPNX-1000hw\SoChsoc_golden_gsrd Browse...
Choose file systern: default
Language: Verilog w
Board Select
Avant-E Evaluation Board rrocessor: RISC-V RX hul I
Avant-E Evaluation(EST)

CertucPro-MY Fyaliyatinm
CertusPro-NX Versa Evaluation Board

Lattice Sentry Demo Board for Mach-MNX (484)
Machx03D PFR Demo

Template Design

Golden Hardware Reference Design (GHRD) for CertusPro-MNX
Device

Components included:
a) Processor - RISC-V RX CPU Core
b) OSPI Flash Controller
c) LPDDR4 MC

d) Tri-5peed Ethernet MAC, SGMII, Scatter-Gather DIMA
&1 A¥IA Interrnnnert APR Intercnnnect AYIA +n APR Rridne

®

Figure7.4. SoC Project Window
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<
Fie Edt View Design Tooks Window Help
PR - | A MBS NG > QaeaQaQ B
Design View =) [ schematic I Address Summar % Start Page
~ @ soc_golden_gsrd - - J
¥ Instances 1 ne—

4 o_aph_bridge inst

e s sync st

coneat

concat1

canca_modue? jot

=
i
: | i i
1 equaton moduie nt | — —

enuation_modvie st

eth_2c_inst —H ] | =C—q

eth_sgdma_inst e

eth_tse_mac_sgmi_inst = |

i3

5
1} spla_module_inst

Properties i T
Name: s0¢_golden_gsed ]“
Type: Instance ¥
Path: soc_golden_gsrd EE"
VLNV: lattice-systembuddersoc_golden_gard1.0 - ]
Location: Beta R ) C &
User Wrapper —

Figure7.5. Launched SoC in Propel Builder

7. 1t A®BISA7VEY B £ I2WROGGEOBTI RHY KA IKE ATKISR Ay 4O0ONBSYy&akzi

File Edit View Design Tools Window Help

crEAocEEs BEe xoBERe e ER

Figure7.6. Validate Design in Propel Builder
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UuSR®

wr N
mA<,
— Qx
w
O(

I [
b BB J

N
- R
EU»

Tel Console
% sbp_de:

- Start: sbp_design drc.
- Dangling inputs are set o default value (ARUSER=0,EWUSER=0,WUSER=0
- Dangling inputs are set to default value (BUSER=0,RUSER=0) in syste:

Da: a D=0) in tsemac )

ystem_ic_inst.AXI_S501,system ic_inst.BXI_502,system ic_inst.BXI_503
st.AXI_M02, system_ic_inst.AXI_MO3

sfully: sbpidesxgﬁ aze.

Figure7.7. TCL Console Output after Validating Design
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8. / t A®SanVAY B2 WSYOF KISGSEt 128 KAIKE AIKISR Ay

File Edit View Design Tools Window Help

ER9cHEs mEghoBERS eaaa ER

Figure7.8. Generate in Propel Builder
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Figure7.9. TCL Consolerintout after Generating Design
9. b20G A0S HK/ISINI HiTSANERYE SINS2 i S&Ea U K BPOEY®RY (GKS LINR2SO0G RAN
CAJueNG GRAYSPWPETS dzaSR (G2 ISYSNIrGS /k/bb LINB2SOG F2N
CNBESWCHE AIONHIa2QGa Ay (KS ySEG asSdirazyao
) Project Explorer X
v é soc_gelden_gsrd
> [~ constraints
v [ sge
> (= bsp

> [ soc_svd

{07 sys_envaxml

1.

Figure7.10. sys_env.xml File Created
I £ A0

Window Help
s-EH -

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:

G§KS wkRAFYd A02y FNRY

File Edit View Design Tools

t N LISt A ¢ dAERRES NJ ( 2

f I dzy OK
sa mE@-NoByR]le caaa A%
2. ¢KS wl RALFY

Figure7.11. Run Radiant Icon
GAYR2g 27

@ 2Ny JuamE2 SOG A& fF dzy OKSR

FPGARD023221.0
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Fle Edt View Project Tools Window Help

* [l soc_golden_gord
B LFCPH 100-9LFGsT

Reports

Sac galden gsrd Project Summary

-39 aQaa AL @eCDNERRSGORERESEBSE
P O sreeaonsn | vwown | recesromonign [ corie
Q- Test B Y Start Page Report Browser

Stegies Satept
ares & High-Pefaminss 10¢
Synthesrs Reports
Timing " o e
7 Suateay! e
L Map Reports
= 7% impl_1 (Symplity Pro) P Flopo 2
nput Fils
Pt Place & Route Reparts
- ——
. Fies R
’ Constraint Files
system,ic.cfg Misc Reports Resource Usage
~ [ s0c_geiden g/ aticesemi.comymodule . e . J—
» RTL Filas
PFU Regte armen2 oo e w7208 000y

sac_gokden_gord - soc_goklen_gsrd.v *
tramisc_tx, fo(tzemac_tx_fifo inet) - tsemac, b .

e foltsemac_ox_ffe nst) - tssmac_o il

zoe WC:/Work/GSRDS.0/Beta_Releass/CEHK-10

07w/ S

moc_golden_gard/radi.

Figure7.12. Lattice Radiant Window
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- |:| soc_golden_gsrd
ﬁ LFCPMNX-100-9LFGET2I
=~ Strategies
=] Area
= Tirning
i Strategyl
v % impl_1 (Synplify Pro)
» Input Files
7 Pre-Synthesis Constraint Files
constraints/constraints.sdc

Post-Synthesis Constraint Files

soc_golden_gsrd.pdc
Debug Files

Script Files
Analysis Files

Programming Files

Figure7.13. Lattice Radiant Window
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X
Description:
- Al ~ || Default
~ [ Synthesize Design Name T Value A
| Constraint Propagation Allow Duplicate Modules F
Synplify P
& Synply Pro Area TF
v [ElLse
— Arrange VHDL Files TF
RTL Design Rule Check
« [2] ost-synthesis Auto Compile Point TF
= Bost-Synthesis Timing Anslysis Automatic Read/Write Check Insertion for RAM TF
+ [Z] Map Design Clock Conversion TF
[=] Map Timing Analysis Command Line Options Text
~ [=] Place & Route Design Default Enum Encoding List  Default
[=] Place & Route Timing Analysis Disable 10 Insertion TF
[=] 10 Timing Analysis Disable Register Replication during S/R Optimization  T/F
L= Timing Simulation Export Radiant Settings to Synplify Pro GUI List  Ves
Bitsream FOC Constraint Files File
FSM Compiler TF
Fanout Guide Num 1000
Force GSR List  False
Frequency (MHz) Num 150
Library Directories Dir
MNumber of Critical Paths Mum
MNumber of Start/End Points Mum
Output Netlist Format List  None
Pipelining and Retiming List  Pipelining Only
Push Tristates F
RTL Design Rule Check Option TF
Resolve Mixed Drivers TF
Resource Sharing |
Resynthesize Al TF
Update Compile Point Timing Data TF
Use Clock Peried for Unconstrained /0 F
VHDL 2008 TF .
X
Description:
Process All ¥ | Default
. . - s
- Synthesize Design MName Type Value
=
Constraint Propagation . -
— pag Command Line Options Text
Synplify Pro . . . .
— Disable Auto Held Timing Correction T/F
v LSE . . .
= Disable Timing Driven T/F
RTL Design Rule Check
= . Impose Hold Timing Correction T/F
hd Post-Synthesis P El :
Post-Synthesis Timing Analysis Multi-Tasking Node List File
v [=] Map Design Number of Host Machine Cores Num 4
=] Map Timing Analysis Pack Logic Block Utility [blank or 0 to 100] Mum
=] B -
hd 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] Num 10
= -
Timing Simulation Placement Save Best Run [1-100] Mum 1
=
Bitstream L . B
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 TF -
oK Cancel Help
Figure7.14. Strateges Used for GSRD Testing
= 22 z A A ZA _ s A 2 s . A
5. / t A0l wézy ADRY (2 3ISYSNIXiS oAl FAfSO FAG F2NJ GKS
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File Edit View Project Tools Window Help
5 B 9F AL @
I:> Synthesize Design Map Design Place & Route Design Export Files
Run All §
Qv FndTat.. L ox 7} Start Page Reports

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. This will force tool to run each iteratiaandincrease runtime

c. Unchecked2op Once Timing is Mebption.

d. ClickOK

e. (dick onExport Files

7. ¢ BSIH 0002 virakBSt H M2 dzi S SSER IRATFSNBEY G Ay ONBY $§ Y@y d&iBl NI
NB LJ2 NI &0 SR 2 @O SIYiSty & NB&adzZ Ga FyR aStSOG GKS o6Sad GAYAy3

7.3. Building the Hello World Prograrsing Lattice Propel SDK (Optional)

For quick start on SoC bmot up, you can create a basic Hello World program by using the template with the Lattice

Propel SDK\ote that this action is optional.

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

1. / NBFGS | F2t RSNJ F2NJ @82dzNJ LINP2SOG 2y @2dzNJt/ & C2NJ SEF
2. [ | dzyf GBNR LIFBY | LILIX AOF A2y @

3. tNEOSSR (2 GKS t NBLGSEE S 5H5Y bShwy R2 4 db i/ (EAMGS| /2y bb t N2 2SO
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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
4. LY /xlIbb tNR2SOl sA{RRYSYHEBEEOHNUR ¥KENBBY SMEGHBRNGE { 2/
9El YLX S 13LSL0fGAACRIViisA Systt 28 Crii2 NI (LINRSIRE | yIYS yw2NJ GKS

£t workspace - Lattice Propel

File Edit Source Refactor NMNavigate Search Project Run LatticeTools Window Help

C A Ik
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EXS—E

{08 C/C++ Project O * |
Load System and BSP p—)
Load lattice system environment file and BSP package =
Select system environment file and BSP package
System env: | C\HelloWorld\sys_env.xml Browse...
Select processor core to create C/C++ Project
Core selected: riscv_nc_cpu_inst v
Project type: C ~
System information
Device Family CPU Name Instance Mame
LFCPNX riscv_rtos nscv_n_cpu_inst
Select Example Application
FreeRTOS-LTS minimal Project # || Example-HelloWorld-blink-uart 5
FreeRTOS-LTS PMP-Blinky Project
Code Coverage Project 1.Led blink.
Timing Profiling Project The corresponding SoC project should include gpio instance.
Hello World Project 2Uart print.
Hardware Interrupt Project There are two ways to support uart print:
Real Timer Project a) The corresponding SoC project should include uart instance or
RISC-V RX Demo Project v || local vart. w
Project name: | riscv_rtos_helloworld
Use default location
ChIscc\propel\2025.1\workspace\riscv_rtos_helloworld Browse...
© default
(] Build the project
Create a debug launch configuration for | OpenOCD
@ < Back Next > Cancel E

5.

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

Lattice Toolchain Setting

Configuration: Debug

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 Semihosting (--oslib=semihost)
() Dummyhosting (--oslib=dummyhost)

@
£

< Back Next >

Cancel

Figure7.19. C/C++ Lattice Toolchain Setting

6. ¢KAA f2FRa GKS 1Sftf2 22NIRCAMUEBBEBEOI Ay (KS g2N] aLl OS

G HelloWerld - Lattice Propel

File Edit Source Refactor Mavigate

-

L] = |§}'%'qu1§j'lﬁj'
(- Project Explorer X = H

I5 riscv_rtos_helloworld

Figure7.20. Hello World C Project Created
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‘L Project Explorer X
SR-
v 15 riscv_rtos_helloworld
¥ Includes
v B src Go Into
& bsp
[N device_info.h

Open in New Window

Show In Alt+Shift+W >
main.c

£ ~-
W platform_initt = COPY Crl+C
utils.c Paste Ctri+V
[® utils.h X Delete Delete
Remove from Context Ctrl+Alt+Shift+Down

cpusvd
= P Source >
) cpuyaml P
Aove

W linker.ld
o1 sys_env.xml
X riscv_rtos_hellows & Import..
5 Export..

Build Project
Clean Project
Refresh F5
Close Project

Close Unrelated Project

=

®&®

Rename... F2

Build Configurations >
Build Targets >
Index >

Run As >
Debug As >
Profile As >
Restore from Local History...

Create Lattice Application Template

Update Lattice C/C++ Project...

%" Run C/C++ Code Analysis

# Q0

Team >

Compare With >

Configure >

Source >
M Validate

Properties Alt+Enter

Figure7.21. Build Hello World Project

8. ¢KS 02y42f{$ 2d KezygAAdaRB 5L 8 SR | &

[& Problems a Tasks |2 Console X . [ Properties & Terminal x| & [T @8 RE "B -m-
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.lst”
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 Project Build Console Output
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11.hy OS LINBINI YYAYy3TI AyiG2 GKS FflaK Aa O2YLX SGSRX L322 g SN
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Figure7.23. Hello World C Program
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7.4. Building the Baremetal BootloaderUsingthe Lattice Propel SDK (Primaand

Golden)
Once the Hello World program is workirygu can proceed to build the Bootloader binary files:
1. /NBFGS | T2t RSNJ F2NJ & & KWANPYISERS § QD A &IA®NI t / & [ | dzy OK

2. tNPOSSR G2 GKS t NP LGSt S 5hY beSay Rz 4 db (/GEAAGEE] /2yl bb t N2 2SOl

& primary_gsrd - Lattice Propel

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
New Alt+Shift+sN > '« 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

1 Example..

=] Other... Ctrl+N

Figure7.24. Creating Lattice C/C++ Project for Bootloader
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{3 C/C++ Project O x
Load System and BSP |_='~<\

Load lattice system environment file and BSP package e |
Select system environment file and BSP package

System env: | C\CertusPro-NX\soc_primary_gsrd\sge\sys_env.xml v Browse...
Select processor core to create C/C++ Project

Core selected:  riscv_rx_cpu_inst e
Project type: |C e
System information

Device Family CPU Name Instance Name
LFCPNX riscv_rtos riscv_r_cpu_inst

Select Example Application

FreeRTOS-LTS minimal Project ~ | | GSRD-CPNX-Bootloader ~
FreeRTOS-LTS PMP-Blinky Project 1. Initializes GPIO, UART

Code Coverage Project 2. Configures LPDDR4 MC

Timing Profiling Project 3. Configures QSPI Flash Controller

GSRD Avant Bootloader 4, Configures Ethernet PHY over 12C interface

GSRD CPNX Bootloader 5. Copies FreeRTOS Application Software from external SPI FLash to
GSRD Avant FreeRTOS LPDDR4 MC

GSRD CPMNX FreeRTOS 6. Checks Application Software's integrity by checking the

Hello World Project v || appended CRC v
Project name: | c_primary_bootloader
Use default location

Location: | C\Iscc\propel\2025.1\workspace\c_primary_bootloader Browse...

Choose file system: |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)
@ Picolibe (- -specs=picolibcspecs)

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
g2N] aLl OS I ;

[exN
~
w

5. ¢KAd 21/ Ra GKS 0220t 2+ RSNYCNZRED(I Ay

ﬁ prirnary_gsrd - Lattice Propel

File Edit Source Refactor Navigatd
- ﬁ}v%r“‘mrrt

- w " y - v

(s Project Explorer x = 0

g

= ¢_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

7. ¢2 ONBIGS (KS 0O@LIINERYRREBIYO 2 Y ( NERIEARGMIENMS Y NBE yioy2Re (af 2f - SRCEIN
. dZAf R Ot N2 2SOU
1 Project Explorer X =8
I c_primary_app
=% c_primary_bootlo: *
) New »
e soc_primary_gsrd
Go Into
Open in New Window
Show In Alt+Shift+W >
Copy Ctri+C
Paste Ctri+V
X Delete Delete
Remove from Context Ctrl+Alt+Shift+Down
Source »
Move...
Rename... F2
i= Import..
i Export.
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=rv32imac -mabi=ilp32 -msmall-data-limit=8 -mno-save-restore -00 -fmessage-length=0 -fsigned-char -ffunction-sections -fdata-sections -g3 -T "C:/CertusPro-NX-GSRD2.@/c_|

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"
Finished building: c¢_primary_bootloader.lst

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "(J:rimar'yibootloader.e]f"
text data bss dec hex filename
9668 20 3500 13188 3384 ¢_primary_bootloader.elf
Finished building: ¢_primary_bootloader.siz

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_b

Finished building: c_primary_bootloader.mem

01:09:51 Build Finished. @ errors, 4 warnings. (took 4s.731lms)

Figure7.30. Bootloader Build Project Console Output
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v & ¢_primary_bootloader
% Binaries
n' Includes
src
Debug
src
% c_primary_bootloader.elf - [riscv/le]
¢_primary_bootloader.bin
il c_primary_bootloader.Ist
) c_primary_bootloader.map
) ¢_primary_bootloader.mem
makefile
objects.mk

sources.mk

X| c_primary_bootloader.launch

Figure7.31. Bootloader Binary Created
10.! LIRFGS GKS aeadsSy YSY2NER O2yMiSVy 30 & AdOARRE 2 /MR N$ e INBNJ
AYF2NXI GAZ2Y O

11.hy 0SS GKS LINAYINEB 0220f2 RSNJ A& NHzys: dza SHEILROOYRRSSRGKS
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Figure7.32. Bootloaderboots up without FreeRTOS8pplication
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#define GOLDEN BUILD

Figure7.33. Golden Build Define; Set _ GOLDEN_BUILD_ for Golden Binilehain.c
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7.5. Building the FreeRTO&pplication Softwareusing Lattice Propel SDK (Primary

and Golden)
To build the FreeRTOS application software using Lattice Propel SDK, perform the following:
1. {AYAfI NI &z ONBIGS GRSt ENBSwEb{ H/ [HBEEZOSIdkDBLI2NR2SOI

f’ primary_gsrd - Lattice Propel

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help

New Alt+ShiftsN > 4. Lattice SoC Design Project - 9@
Open File... 7 lattice C/C++ Project
. Open Projects from File System... [ Project.. Create a new Lattice C/C++ Project |
Recent Files > &3 Source Folder
i Folder
¢ Source File

n Header File

Curl+S File from Template
@ Class
™ Example..

1 Other... Ctri+N

Figure7.34. Creating C/C++ Project for FreeRTOS

2. Ly {(&ISSOG 9EI YLX 55 (ByDii5A @Kt8bA- 2 yDREBESWE ] t N2 GARS (KS LINR2
C A JbNdB

08 C/C++ Project [m] x ‘

Load System and BSP

Y Directory with specified name already exists.

Select system environment file and BSP package
System env: | C\CertusPro-NX\soc_primary_gsrd\sge\sys_env.xml w Browse...

Select processor core to create C/C++ Project

Core selected: riscv_rx_cpu_inst

Project type: | C

System information
Device Family CPU Name Instance Name

LFCPNX riscv_rtos riscv_rx_cpu_inst

Select Example Application

GSRD Avant FreeRTOS ~ || GSRD CPNX FreeRTOS N
GSRD CPNX FreeRTOS

Hello World Project 1. Configures UART and GPIO

Hardware Interrupt Project 2. Configures OS5

Real Timer Project 3. Configures TSE MAC

RISC-V RX Demo Project 4. Configures SGDMA

Software Interrupt Project + || 3.5ets up TSE MAC Ping Test "
WWistebhdnn Tisnar Deninss £ Mom e o e TTIME W ol e el

Project name: | ¢_primary_app|

Use default location

5. 1\workspace\c_primary_app Browse...

default

[]Build the project
[~]Create a debug launch configuration for OpenOCD

@ < Back Next > Finish Cancel

Figure7.35. FreeRTOS C/C++ Selection
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aiSL) e2dz ySSR
OND Y I RR YIRGEBNEHH (RERIY N & 12 & @athas

w =% c_primary_app
[l Includes
w 2 src

= bsp

== FreeRTO5-Kernel
= Iwip

[£] board.c

[n] board.h

[R] ethernet_frame.h
[k FreeRTOSConfig.h
[£] hooks.c

[£] wip_wrapper.c
[£] main.c

[£] os.c
[S 0sASM.S

[n] osmacro.h
[£] tcp_echoserver.c
[h] tcp_echoserver.h

[£] utils.c

[n] utils.h

[5] vector.S

cpnx.cfg

cpu.svd

cpu.yaml
crc_add_debug.bet
crc_add_releasetxt
E linker.Id

£

it sys_envaeml

O2yTdzaA2y 3> Y2@S

Figure7.36. FreeRTOS Project Created
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w =5 c_primary_app Copy Ctrl+C
! Includes Paste Ctrl+V
M ¥ Delete Delete
(= bsp
(= FreeRTOS-Kernel Remowve from Context Ctrl+Alt+Shift+ Down
= lwip Mark as Landmark Ctrl+Alt+Shift+ Up
[¢] board.c Move...
5] board.h Rename... F2
[n] ethernet frame.h
[n FreeRTOSConfig.h [ Import.
[ hooks.c 4 Export..
[ wip_wrapper.c
[€] main.c Build Project
[g osc 7] Refresh F5
[§ osASM.S
[n] osmacro.h O Runks i
[¢ tcp_echoserverc %5 DebugAs ?
[n] tcp_echoserver.h Profile As #
% ut?:s.; #7 Run C/C++ Code Analysis
utils.
[5] vector.S Team ’
cpnx.cfg Compare With >
cpu.svd Replace With >
{3 cpuyaml Rebuild SV Index
crc_add_debug.bet Validate
crc_add_release.tet
T linker.ld l
1 sys envaml (E Console * .1l Registers| =

[etN

Figure7.37. Copy the CRC Add files

Ay

@2dzNJ YI Ay @FQRINBME NE ¢ LI LINR 2SO0

- Project Explorer x =
w < i
= c._plnn':a;y _af New
il Includes Go Into
& src
¥ c_primary Open in New Window
5 c_primary_b¢ Show In
¥ soc_primary_ [ Copy
T Paste
Delete
Past
Remaove fr -crt Ctrl+Al
Source

Figure7.38. Paste in FreeRTOplication CProject

FTAL Sa

I NB y26

~ Igf c_primary_app
il Includes
= src
% ¢_primary_app.launch
[} crc_add_debug.brt
Il crc_add release.txt

Figure7.39. Copied Text Files
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KS

7. ¢2 o0dzAf R t NAYFNE D{w53 &2dz YSSKR I WDARSTA M KAGt Blyd !0\
{tL FTRRNBaa (2 LRAyG (G2 tNAYIFINE CNBSwe¢h{ AYIF3IS Ay (K

Set for GOLDEN OR PRIMARY bu

#define _PRIMARY_BUILD_

Figure7.40. Primary Build Defing Set _ PRIMARY_BUILD _ for Primary Binldchain.c

Ly GKS OYERHA KSENE QIR (FOR (iSSR0 R E § NB f S| & SCOETREN®Sy Ay

[AYS p FYR tAYyS mMH Ydzad 068 NBLI I OSR 6AGK (GKS | LI LINE
OPLINA Y NB Wl LI | Sy O0Ss { KSOYLINASY | 2N yifilr AL BBFoMEyS Y AizE ( NBRIY K O
OYLINRA YI NBE @I LILIONDDPOAY ® ¢KAA 2dzillzi FAES KIFa GKS [/ w/ F;

cre_add_debug.txt 3¢ = 0

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

3

A #first: create CRC checksum

5 ..\Debughc_primary_app.bin -Binary

ur

6 -fill @xFF exea8s 6x40080 # fill code area with exff

7 -crop 8xeess axifffe # just keep code area for CRC calculation below

8 -CRC16_Big Endian @x3fffe -CCITT  # calculate big endian CCITT CRC16 at given address.
9 -crop Bx3fffe ox400080 # keep the CRC itself

[ex]

11 #second: add application file
12 ..\Debughc_primary_app.bin -Binary
13 -fill @exFF exBees ax3fffe # fill code area with @xff

a

15 # generate a Binary file
16 -0 ..\Debughc_primary_appcrc.bin -Binary

Figure7.41. Update crc_add_debug.txt

9. hLISY [ A K STSANBPSORF INRAYY IONE @ | LILI

1 Project Explorer X BE Y 8 = O | B Linker X
v &S c_primary_app - —=
) Includes Linker Script: linker.ld
v B sre Available Memory Regions
& bsp
(= FreeRTOS-Kernel Mame Attributes  Base Address Size
= lwip system_lpddrd_mc_inst  rwx 0x0 0% 20000000
[£] board.c
beard.h

% dcbugibe STACK and HEAP Size
[6] debuglib.h

[B] ethernet_frame.h

[¥] FreeRTOSCanfig.h HEAP SIZE: [ 00 |
[£] hooks.c STACK_ SIZE: | 0x0A00 |
[€] Iwip_wrapper.c X X X
[£) main.c Section to Memory Region Mapping
[£] os.c
[8] osasm.s
[B] osmacro.h CODE: | system_lpddrd_mc_inst
[£] tep_echoserver.c DATA: | system_lpddrd_mc_inst ~
[K| tep_echoserverh
€] utils.c Section Name Memory Region
B wilsh text system_Ipddrd_me_inst
[ vectors .ctors system_lpddrd_mc_inst
B cpu.svd
) cpuyami .dtors systamjpddr{mci!nst
cre_add_debug.txt .rodata system_lpddrd_mec_inst
crc_add_releasext data system_lpddrd_me_inst
&) linker.ld bss system_Ipddrd_me_inst
3 sys_envaml heap system_Ipddrd_mc_inst
[¥] c_primary_app.launch .stack system_lpddrd_mc_inst

Figure7.42. Open linker.ld File

© 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

FPGARD023221.0 87


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v3.0 for CeriNaPDevices

Reference Design

= LATTICE

10.! LIRFGS GKS a9ahwERZNAC NERRINGSH{a @2 NHzy FTNRY [ té%wry YSY?2
dza8 G(KS RSTFIdA G tAY]ISNDPER ISYKNEKEEROYB2NI 68SnmabBYP NB®
aSY2NE &SQaAiAfdygo

55 Project Explorer ES Y § ° B |[& Linker = linkerdd 3 = 8
w =% c_primary_app 1/* Lattice Generated linker script, for normal executables */ A
- % \Sr:ccludes ;ENTRY (_start)
a4
& bsp 5 _HEAP_ST7E = DEFINED{_HEAP_STZE) ? _HEAP_STZE : @ud;
(= FreeRTOS-Kemnel 6 _STACK_SIZE = DEFINED(_STACK_SIZE) ? _STACK_SIZE : @xBABO;
Twi 7
% bo:rd‘( E?EMDRY
8 boardh l':‘ system_lpddr4 mc_inst 3 = = 8000800
r 8 . - mc_: (rwx) : org = BxG-I, len = @x2
[ debuglib.c v P
6] debuglib.h 3
[h] ethernet_frame.h 13 SECTIONS
[6] FreeRTOSConfig.h 14 { . .
[ hooks.c 12 Kt Cctmk-E A‘IiIGNH—)
[ lwip_ wrapper.c 17 SR
[£) main.c 18 _ftext = .;
[ osc 19 PROVIDE (_sprof = .);
@ osASM.S 28 KEEP (*(SORT(.crt*)))
[ osmacro.h 21 *(.text .text.* .gnu.linkonce.t.*®)
Bt h ' 22 KEEP (*(.init))
cp_echoserver.c 23 *( . fini
[h] tep_echoserverh 24 "(EEPAiIéNHJ;)J
] wtils.c 25 _etext = .;
[ utils.h EE } »system_lpddr4_mc_inst
g::‘ut:: Pl .gprof : ALIGN(4)
' 29
cpuyaml EL PROVIDE (_s_part_prof = .J);
crc_add_debug.tt 31 KEEP (*(.gprof))
crc_add_releasetxt ?E ﬁR;V};EEGI:GJ; . )
. 33 eprof = .);
§ kel 34} >syste|n_lEd5r4_|nc_inst
i sys_envaml 35
|¥| c_primary_app.launch ?E {ctnr‘s : ALIGN(4)
38 t tart = .;
39 E;Egr?:?::it_array‘))
a8 KEEP {*(SORT(.ctors.*}})
41 KEEP (*(.ctors))
42 . = ALTGN(2); v
< »
Figure7.43. Update linker.ld File
1.t NBaAANI 2ba8 0SS (KS OGAY@SE & aK26y AY
17 Project Explorer x = 0
I ¢_primary_app
= ¢_primary_bootloader
2 soc_primary_gsrd
Figure7.44. Workspace
12.. SF2NB ONBI (Ay3 KA AONE B2 Qi TANGIE KIS WKLBNERYerSLAd | yR Of A O

t NB LISNI A S a
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. Project Explorer X BE®v§<0
S 1
‘li c_primary_apg New. >
&5 c_primary_boc
Go Into

& soc_primary_g
Open in New Window

Show In Alt+Shift+W >
& Copy Ctrl+C
Paste Crl+V
% Delete Delete
Remove from Context Ctrl+Alt+Shift+ Down
Source >
Move.
Rename.. F2
iz Import..
& Export..
Build Project
Clean Project
Refresh F5
Close Project

Close Unrelated Projects

Build Configurations Open Properties Dialog 22

Build Targets >
Index >
O RunAs >
% 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

<

Figure7.45. Properties

13.Ly Ol asS e2dz g6AaK (G2 ONBFIGS I INBEiSH a.SdzF@R RBN) 20 XiRBa /
14./ t A Qi y2yaS |/ 2 yF AORKAS SR BRI RN dKISY Of A O

[
type filter text Settings ~ v 3
Resource
Builders E
v C/C++ Build Configuration: Debug [ Active ] ¥ Manage Configurations...
Build Variables
Environment T3
»
Logging # Build Steps Build Artifact w Binary Parsers @ Error Parsers
Settings Pre-build steps
Tool Chain Editor Command:
C/C++ General -
MCU
Project Natures Description:
Project References =
Run/Debug Settings {0} c_primary_app: Manage Configurations X
SystemVerilog Projec
Task Tags Ctz Configurati.. Description Status L
Validation St | Debug Active gas
D¢ [Release I
1 | Set AmveJ New... Delete Rename..
< N Restore Defaults Apply
2 Apply and Close Cancel

Figure7.46. Set Release as Active Configuration
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15.D2 /ik2 bb . dAfR B {ISYiRAgR@IB{ Rz (08 LEI HRR 2 YKS §F R
0SSt 26 FT2NJ &2dzNJ NB a8 BamSASPlods t Ras GKFG Aa F2N
C2 NJ 2 Aa/eRisaY Y
srec_cat.exe "@.. \crc_add_debug.txt"
srec_cat.exe "@.. \crc_add release.txt"

QN [AYydE &déadasSy
srec_cat "@../crc_add_debug.txt"
srec_cat "@../crc_add_release.txt"
Q Propert g ¥ O X
type filter text Settings =14 -~ 3
Resource
Builders .
s C/C++ Build Configuration: | Debug [ Active ] ~ | | Manage Configurations...

Build Variables
Environment

Logging i Tool Settings 3 Toolchains M Devices /#* Build Steps Build Artifact Binary Parsers | ¢ | *
Settings
Tool Chain Editor Pre-build steps
C/C++ General Coemmand:
Git | v|
MCU Description:
Project Matures
Project References | V|
Run/Debug Settings .
SystemVerilog Project Prope Post-build steps
Task Tags Command:
Validation | srec_cat.exe "@.\crc_add_debug.txt” v|
Description:
| |
< > e

Figure7.47. Adding Post Build Step for FreeRTOS Application CRC Binary Appmdiows)

J

O02YYl YR
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E:EProperTiesfor c_primary_app O X

type filter text Settings Grovd

~ Resource
Linked Resources

Resource Filters Configuration: |Debug [ Active ] ~ | | Manage Configurations...

Builders
wv C/C++ Build

Build Variables
Environment Pre-build steps
Logging Command:
Settings |
Tool Chain Editor

C/C++ General Description:

Git | i |

MCU

Project Natures

Project References

Run/Debug Settings

% Tool Settings & Toolchains B Devices # Build Steps Build Artifact Binary Parsers | Y| "

Post-build steps
Command:

SystemVerilog Projec Description:
Task Tags Y |
Validation

< > :

® Apply and Close Cancel

Figure7.48. Adding Post Build Step for FreeRTOS Application CRC Binary Append (Linux)

16.C2 NJ [ A yXzEdZIIR 1AW S Yi K SONDSIK LI A G R A YFHMIRI § A ydzE LI G K

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

#first: create CRC checksum
. ./Debug/c_golden_app.bin -Binary

-fill OxFF Ox0000 0x40000 # fill code area with @xff

-crop 0xB8000 @x3fffe # just keep code area for CRC calculation below
-CRC16_Big Endian @x3fffe -CCITT # calculate big endian CCITT CRC16 at given address
-crop @x3fffe 0x40000 # keep the CRC itself

#second: add application file
../Debug/c_golden_app.bin -Binary
-fill @xFF 9x0000 ox3fffe # fill code area with @xff

# generate a Binary file
-0 ../Debug/c_golden_appcrc.bin -Binary

Figure7.49.Update the CRGcript to Match LinuxPath Format

17./ t A0 & IoyR /248
18. wA B (A @Y LANK Y [FNERp FQOEzZO | R2oy NB 2 SOl
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i1 Project Explorer x

1% c_primary_a—
= ¢_primary_b New !
& soc_primary Go Into
Open in New Window
Show In Alt+Shift+W >
B Copy Ctri+C
[@ Paste Ctrl+V
X Delete Delete
Remove from Context Ctrl+Alt+5hift+Down
Source »
Move...
Rename... F2
s Import..
i Export..
Build Project Incremental Build of Selected Project
Clean Project
Refresh F5

P, W,

Figure7.50. Build c_primary_app C/C++ Project

19. ¢ KS O2ya2t$ 2dzii Ldz§/CA AR a LI | 8 SR

Invoking: GNU RISC-V Cross Create Listing

riscv-none-embed-objdump --scurce --all-headers --demangle --line-numbers --wide “c_primary_app.elf” > "c_primary_app.lst”

Invoking: GHU RISC-V Cross Print Size

riscv-none-embed-size --format=berkeley "c_primary_app.elf”

Invoking: Lattice Create Memory Deployment

riscv-none-embed-objcopy -0 binary --gap-fill @ "c_primary_spp.elf™ “c_primary_app.bin"; srec_cat “c_primary_app.bin” -Binary -byte-swap 4 -DISable Header -Output "c_primary_app.mem™ -MEM 31
text data bss dec hex filename
Ghede 100 308828 374968  SbEbB c_primary_app.elf

Finished building: ¢_primary_app.siz

Finished building: c_primary_app.lst
Finished building: c_primary_spp.men

srec_cat.exe c_primary_app.bin -Binary -fill @xFF 0x0000 0x40800 -crop Bx@000 Gx3fffe -CRC16_Big Endian Bx3fffe -CCITT -crop Ox3fffe @xd8000 c_primary_app.bin -Binary -fill @xFF 8x0000 Bxifffe -o ¢

14:58:28 Build Finished. @ errors, @ warnings. (took 18s.728ms)

Figure7.51. FreeRTOS App Build Project Console Output

20. ¢ KOMB I GSa GKS

C A JdpNdB

RSo0dzZaA F2f RHENINAYRNBE OB WEBRDDAKNKI /WAt $ a6 Al
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5 Project Explorer <

0
3 @08 (]|

v % c_primary_app
ff‘ Binaries
il Includes
2 src
w = Debug
== src
%5 c_primary_app.eff - [riscv/le]
Z| c_primary_app.bin
H c_primary_app.lst
c_prirnary_app.map
H C_prirnary_app.merm
Z| c_primary_appcre.bin
rakefile
objects.mk
sources.mk
%] c_primary_app.launch
crc_add_debug.bet
crc_add_releasetxt

Figure7.52. FreeRTOS App Binaries Created with CRC

21.C2NJ LINPANI YYAYy3 Ayid2 GK
O2NNBOGf eENNBRSXNYAZIGKS yRI
aSotArzyo

22.¢2 ONBI (S (KS COrexzet2RSyyid AFAGNEORRGPIMIKIET 16D b WA y LYl A € S
G2 0dZAfR FT2NJ 32t RSy 06220t 2FRSNJFyR 32t RSY | LIJ 0AYy L+ NR:

TANYAY3 0620K LI
2NJ t NRKYFNE D{v

Set for GOLDEN OR PRIMARY build

#define _GOLDEN_BUILD_

Figure7.53. Golden Build Defing Set  GOLDEN_BUILD__ for Golden Builehain.c

23. wS LIS G ANUIRLIEONB Iii2S w32t RSy 0622Gf 21 RSNJ FyR 3I2f RSy | LILJ L

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. [ FdzyOK GKS [FOGGAOS wlkRAFY(O tNPIANGAYVUEN® (22f FTNRBY [ |GG
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Figure7.54. Launch Radiant Programmer from Windows Start

2. t N2OARS

Lattice Radiant Software 2025.1
f Install&Uninstall Cable Drivers
.
[~ | 1P Packager

'@' Power Calculator

- Questa Lattice Edition

a Radiant Programmer

Radiant Software

¢ Radiant Software Help

Release Notes

€35  synplify Pro for Lattice

E; TCL Console

IKSeRaOWi®A #yi 2 5K S NBOEOINB @WI & X S NI

£ Radiant Programmer - Getting Started

Neve Project:

Project Name: |m\3

Project Location: ||

@ Create 2 new project from 2 scan

Cable: ~ | Paort:
TCK Divider Setting (0-30x):
(Z) Creste 2 new blank project

Open Project:

(_) Open 2n existing programmer project

b Detect Czble

Figure7.55. Radiant Programmer Getting Started Window

b 2 (i¢SKYA &
YySaalk3as Oty

RA & LJX I
0S AIYy2NBROD

&4 KSCHNIMRBN yYES A RISNRHRBBYE 232 v v § O
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3. |t ROPE A

4. ¢KA A

Radiant Programmer - mcsxcf - o
File Edit View Run Tools Help
Trds BRE R 26 v
Enable Status Device Vendor Device Family Device Operation Cable Setup
1 Generic JTAG Device JTAG-NOP Bypass Cable Settings
Detect Cable
Cable: HW-USEN-2B (FTDI}
Programming Speed Settings
< <
Output
Lsttice WM Drivers detected (HW-DLN-3C (Paraliel)}
Programmer device datzbase loaded
pen FTDI USE port. Make sure to select the right cable type.
3 e instructions in the Programmer Help topic:
cable, please wiait a few seconds and try again,
Output | Tl Console
Figure7.56. Error if No Board is Connected
F 58t 28 YSyid ¢22t
u Radiant Pregrammer - mes.xcf *
File Edit View Run  Tools Help
g s [ Deployment Tool
Enable Status Devic 1) Download Debugger
Programming File Utility
1 TAG-N(
# Custom Flash Device...
Figure7.57. Open Deployment Tool from Radiant Programmer
2LSya GKS 5SLX 28 YSNIAWpNER 2f 6AYR26 a
Tool- pro - X

®

H EEEE2CE 2B

B Radiant Deployment Tool - Getting Started

(® Create New Daployment

FunctonType: | File Conversion

OutputFile Type: | [EEE 153215 Data File

() open an Existing Deployment

Recent Fles: C:JUsers SKothari/Downloads [GSRDRelease foroject?. ddt

Previous

Figure7.58. Deployment Tool StarwWindow

K26y AY
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5. 1 LJLJ & GKS &S idMampgsyiRa ODPRDGY Ay

B Radiant Deployment Tool - Getting Started ? X

@ Create New Deployment

Function Type: External Memory ~

Output File Type: | Advanced 5PI Flash ™

() Open an Existing Deployment

Figure7.59. Options for Creating New Deployment

6. LYGSLI m 2F nY { SIAYRR 6EK S GA s yC MfyS o6 & 0
a. Click theFile Name fieldo browse and select the primariit file from your primary soc project.
b. TheDevice FamilyndDevicefields autepopulate based on the bitstrearbit file selected.
c. ClickNext

AR O R DR D E £ E
External Memory: Advanced SPI Flash

Step 1 of 4: Select Input File(s)

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

1 C/CertusPro-NX/soc_primary_gsrd_impl_1.bit LFCPMNX LFCPMX-100

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

7. LYGSLI v 2F nY ! ROIZYy @SR S{OIL (ISICRKEBEMIRBA 2 V63 a K246y AY
a. UnderOptionstab, choose Output Format dsitel Hexand SPI Flash Size (Mbpag
b. SelectQuad I/O SPI Flash Re&dm the SPI Flash Read Modepdown menu.
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(1

External Memory: Advanced SPI Flash

e R 2

Step 2 of 4: Advanced SPI Flash Options

Options  User Data Files =~ Multiple Boot

Output Format: Intel Hex v
SPI Flash Size (Mb):  |512 v
SPI Flash Read Mode: | Quad I/O 5Pl Flash Read
[ Byte Wide Bit Mirror
[ Retain Bitstream Header
L] Optimize Memory Space

[ Encryption

Encryption Mode: | AES256-CBI

Encryption Key:

(] ECDSA Authentication
Authentication Mode: | ECDSA-256
Public Key:

Private Key:

ECDSA Signature

] HMAC Authentication

Edit Key

Load
Load

Load

Previous Mext

Figure7.61. External Memory Step 2 of 4: Select Options

c. No changes needed loser Data Filesection.
d. UnderMultiple Boot tab.

i. {St SOadldztli KBL®R BIi A 2 F &
Ol bdzYoSNJI 2Fmi £t GSNYIGS
NDJ 2 (f rié$y >t Iﬁ[’]\l}?@l‘@é I F R REXHASIQUONGK & Aca o
32t RSY YDA NR §H AWV CNKIFAW SRR R 8F aral GHGd3iNg/Y' H G A OF £ £ &
GKS o NR%aSuadzMBEYdJI

i. {S
i. |y
az
iv. ! y
{a
YS
v. [ f

- O(;U<.—h
Q—Z(D>-E(D>

y dz
b

S

NG SNY I G FASIE RES I AwD |

Z)f

IJAYyAF! BRNBAA&N GGSNY A&
zp ¢CKAA Aada GKS LI Gd4G§SNy
B

tFGGSNYE kA&

- dzG2YlF GAOKT T @
f2| RSR RdzNRy 3
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E Radiant Deployment Tool- projectd.ddt™
File Edit

Help

NEH BB E £ E

. —

External Memory: Advanced SP1 Flash

Step 2 of 4: Advanced SPI Flash Options

Options

User Data Files ~ Multiple Boot

Multiple Boot

Golden Pattern: | C/CertusPro-NX/soc_golden_gsrd_impl_1.bit

Starting Address: 0x001E0000

[] Protect Golden Sectar

Number of Alternate Patterns: 1
~
Alternate Pattern 1: | Ci/CertusPro-NX/soc_golden_gsrd_impl_1.kit W
Starting Address: | 0x003C0000 >
Mext Alternate Pattern to Configure: | Primary Pattern w
Alternate Pattern 2:
Starting Address:
Next Alternate Pattern to Configure: | Primary Pattern
Alternate Pattern 3:
Starting Address:
Mext Alternate Pattern to Configure: | Primary Pattern
v
Previous Mext

Figure7.62. External Memory Step 2 of 4: Muftle Boot

nY { St a0& W& & Fubhdiz(i/L8d2i2 S f B 0f 2 0L A2y 2V
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liant Deployment Tool- project

ectU.dat”

O
SRR NN RN
External Memory: Advanced SPI Flash
Step 3 of 4: Select Output File(s)
Output Filel: C:/CertusPro-NX/multiboot_system.mcs w
Previous Next

9. / ft GBI
10.LYyGSLI n

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

27T

nY DSy SRNAEEPNIBGSE 8 S eovSilyliiz Y NA @K IWeRRE NI SNJ |

© 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.
FPGARD023221.0

99

sa

a


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v3.0 for CertbisPD®evices .l.lLATT’CE
Reference Design

Radiant Deployment Tool- projectl.ddt* - O >

File Edit Help
i = R 1<CR = o == v R

External Memory: Advanced SPI Flash

b,

Step 4 of 4: Generate Deployment

View File

Deployment Tool Summary
Input File: C:/CertusPro-NE/soc primary gsrd impl 1.bit

Opticns:
Output Format: Intel Hex
SPT Flash Size (Mb): 512
SPI Flash Read Mode: Quad I/0 SPI Flash Read
Byte Wide Bit Mirror: Off
Retain Bitstream Header: Off
Optimize Memory Space: Off
Multiple Boot: On
Golden Pattern: C:/CertusPro-NX/soc_golden gsrd impl 1.bit
Golden Starting Rddress: Ox001EQODO ¥l

Command Line

"Ciflsce/pregrammer/radiant/2025.1/bin/nté4/ddtcmd" -oft -advanced -dev "LFCPMNX-100" -if "C:/CertusPro-
MX/soc_primary_gsrd_impl_1.bit" -format int -flashsize 513 -quad 1 -golden "C:/CertusPro-NX/
soc_gelden_gsrd_impl_1.bit" -goldenadd 0x00TE0D00 -multi 1 -altfile "C:/CertusPro-MNx/
soc_golden_gsrd_impl_1.bit" -address (kD03C0000 -next prim -of "C:/CertusPra-MX/multiboot_systern.mecs"

T L T LS F T U OO S TU_ITTT T T L T PCE S S0 S eSS Uy

A
Successfully generate file(s)
Ch\CertusPro-MNX\soc_golden_gsrd_impl_1_alterD_tmp.bit
Format: Intel Hex
Output File: C:/CertusPro-MNE/multiboot_system.mcs
Sector (x003C0000: ChCertusPro-MNX\soc_geolden_gsrd_impl_1_alterl_tmp.bit.
Start generation.
Generating Intel Hex PROM File.....
Successfully generate file(s)
CACertusPro-Mimultiboot_system.mes
Lattice Radiant Deployment Tool has exited successfully. hd
Previous Generate

Figure7.64. External Memory Step 4 of 4: General Development

11./ KSO1 F2NJ GKS F2fyAFNE 2dzi Lidzi | & aAK2gy A

Lattice Radiant Deployment Tool has exited successfully.

Figure7.65. MCS File Generated Successfully

Z

122.¢KS 3IASYSNIGSR FAYIf oYOa FAES Aad y26 NBIFIRe (2 0S LINE:
13./ f2a4S GKS 5S8LX 28YSyid ¢22f GAYR260

14.C2NJ LIN2INF YYAY3I AyhG2 GKS FtlakK I'yR IGRNEANVXYAYBKSE (a1
D2f RSy 2NJ t NAYIFNE D{ w5 . AtGNRIINGFYYY AYYAR (! KLILIE DA2GH RIRYZH// t{{ NATFY
TAESOGA2Y @
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7.7. Setup Host Machine for Ping Te@Vindows)

The setup is based on the setup on Windows 11 Host Machine temddaation boardFor Linuxbased machine, refer
to the setupprocedurein the Linux Setup IP Address

1. { SI ADKSNY S F NEXKESA ¥ R B & yidulz
All Apps Documents Web More ¥

Best match

Ethernet settings
System settings
Related: "network settings”
. Ethernet settings
Settings
System settings
& Network status

Wi-Fi settings
L 9 ) Open
@ Proxy settings

% Hotspot 2.0 settings Get quick help from web

% VPN settings Run an internet speed test

Search the web

L network settings - See more search
resufts

network settings wifi
network settings and connections
network settings menu

network settings reset

Figure7.66. Configure Ehernet Settings

A - AL A

2. {SESOil KERNF SUiKS ESERBY A Te (KDFYBOZIEHRSAI fLd2NIw 2y 02 NR
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Settings

(@ Home

Ethernet

| 'iw,: a setting

Network & Internet

@ Status

Wi-Fi

Ethernet 4
Not connected

1z
I %3 Ethernet
2 Dial-up
° VPN
5 Airplane mode
) Mobile hotspot

& Proxy

Related settings

Change adapter options
Change advanced sharing options
Network and Sharing Center

Windows Firewall

Help from the web

Updating network adapter or driver
Fixing Ethernet connection issues
Run an internet speed test

Finding my IP address

(@ Gethelp

& Give feedback

Figure7.67. Select Ethernet Port
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<« Settings - m} *

o Ethernet 4

Metered connection

If you have a limited data plan and want more control over data usage,
make this connection a metered network. Some apps might work
differently to reduce data usage when you're connected to this network.

Set as metered connection
@ or

If you set a data limit, Windows will set the metered connection setting
for you to help you stay under your limit.

Set a data limit to help control data usage on this network

IP settings
IP assignment: Manual
IPv4 address: 192.168.1.2

IPvd subnet prefix length: 24

Figure7.68. Edit IP settings
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Edit IP settings

Manual ~

IPv4
@ o

IP address

192.168.1.2

Subnet prefix length

24

Gateway

192.168.1.1

Preferred DNS

Alternate DNS

| Save Cancel

Figure7.69. Set the IP=ttings to Manual, IP address, Subnet Prefix Length, and Gateway

5. hy0S GKS 9 i KSR/ (d2Sywi wME E2)i (KSoK2ad t/
6. & LISLIO2IYiT AiKWSY I yR & NRIKB O] (KS Oy SKOAAR Yyt /6 SIHWRSYDI € dzt (
d K2 ggA AENG

Ethernet adapter Ethernet 4:

tion-specific DNS Suffix
ption . . . . . . . . . . . : In ) erne 3) I219-LM

Enabled

Figure7.70. Check EthernetConnection
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4,
imate round mes in mill

Minimum = ©ms, mum = 7ms

kjlee>

Figure7.71. Ping theDevice

Figure7.72. UARTTerminal Showing the Printout when Ping PacketReceived
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8. Customizing the GSRD

This section describes the customization that can be applied to this 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 ProfsK.

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 |Berform the following

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

FyR ISYSNI S

b2 i8¥ @2dz YySSR (2 ONPBFHGGSAOSODAGR2NYGLONBESMBHENP ®H O0Ct D!
2 KB NIKS awlA{y/ GKS aedadSyo ¢K

2. 1 2yySOG (KS ySgta WRRSRNIt
9 ! - Ln Ml KRRLY S al yI ASNk{dzo2NRAYIFI(iS AYydidSNFIFOS Ay &
2y GKS ySg Ltod /2yySOi GKS ySgte FRRSR Lt (G2 GKS

e 3
Y

1 '"t¢! RR ySo wSIjdzSaidi2Nk/ 2YLX SGSNI AYGSNFI OS Ay aeadaSvyy

ySoté I RRSR AYUGSNFIOS 2y (KS AYyGSNO2yySOiGo

T "I HAQRR ySg al ylI IASNk{dzo2NRAYIF(iS AyGdSNFI OS fKWwoaHeadas

AYGSNFI OSs: e2dz y3RSIU2NRARRBS! LEnA§y20SG86SSy o
/| 2yySOG GKS Ot201 FryR NBaSdid ardayrfaz FyR RIGF 06dzaSa

D2 'IRRNBASWw (2 aaArdy GKS ot

L¥ &2dz YIRS OKl-yE]Sé ﬁEIQKS 0

hiKSNBAaSE alALl GKAa aioSLe

a. Select the System Memory instance from fhesign Viewn the left column and it highlights the
system_boot_mem_inst.

b. Doubleclick on the highlighted component shown in the schematic and it openstdaile/IP Block Wizard

c. (dick on the three dots at thinitialization FileQ daluefield to locate and select your bootloader file.

d. ClickGenerateat the bottomright corner of theModule/IP Block Wizardas shown irFigure8. 1.

FRRNB&aa F2N GKS ySst
20t 2F RSNE FT2fft2¢ (KSas

o 0 b~ w
[

Qx
N U
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Module/IP Block Wizard X
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
B General Port S0 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
Xl SO Port Count 1
axi aclk i AXI4 D Width 6
~ Data Streamer
ax' resetn | Enable Data Streamer
system_memory
~ |nitialization
Initialize Memory
Initialization File Format hex
Initialization File |
Rl 3 E
User Guide No DRC issues are found.

Generate Cancel

Figure8.1. BootloaderHle Updated in System Memory

7. 1LYy O2YLX S6A2QAY HSEHOMRRIVAY S5 SHaNBy y2 5w/ SNNE ND

8. { S{HVEAIY B DSy SN (dBLIFPF DS yiSKNG G{S2/ RSaA3dy o

9. LYFrddA0S WIRRABYI LIAya F2NJ 6KS ySgfe IRRSR Lt O0ATF | LILX
10./ t RELIR2 NI 2CHEBEENI S G(GKS dzZLIRIF SR 60AGAGNBI 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 BSPperform the following

1. Ly tNELJS@f?xEYZQMJ\BK@ a2F0ol NB LINP2SORI GBI ﬁl-ééﬂ@SNﬁxﬁa
Ly /G8RSF 6S {eaRSYEIRWROZ2EL %mdwsmuezh&oassammm GC2A BERGROGET H A Y
CKA&d A& 0SOlFdzaS GKS az2FGgFNB LINRP2SOG A& ONBIFGSR Ay I
LINEP2SOG A& AYLERNISR (G2 tNRLStE {5Y®
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$ C/C++ Project — O ht

Update System and BSP

Select system environment file and BSP package

Current System enwv: | _vI,‘goIden_gsrd,‘n:_goldr:'n_bDotloakler!src,fsys_env.xml |

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

O Re-generate toolchain parameters and linker script
[Jupdate BSP package

Cancel

Figure8.2. New SystenENV Error

PS z ’

2.  t AOINHI@S8 G2y G2 ylrgA3ILdS d2 GKS ySg aealisSy Syg LI dK
C2 NJ S EBYveLyt 62N qJRANJ;')KDaEIS adayuSygoEYt
b2GtSKyA & A0GSLI) dzLIRF GS& GKS az2FidgF NB LINR 2SO® Wi2dzNI2tA/ydi  dir
O2NNBOG LI GK Aa RAA LJtlééR AyaaSrRrR 27 [’JKS LINB QA 2dza S
3. { St SOHRIKS . {a28BP OYKAES aKz2pa (KS ySsfé I RRSR Lt RN G
b2 (58l h astwsmsysm as ﬂZZfC)KI-Ay LB NEYPSERERA2YROE N | BINR & €
GKA&E NBFSNBYyOS RSarday O FAY Y2RAFASR fAy]1SNI & ONR LI

2yu
4, | f AOQRKI®S O2YLX SGS GKS LINROS&aaod
5. . dzA f GKS a2FGg61 NB LINRB2SO0

puli

8.2. Changing LPDDR4 Memory Controller Memory Density

The LPDDR4 memory controller IP parameters are set according to the LEDRRMavailable on the CertusPeX
VersaEvaluatiorBoard, which can bedifferentiated by the BRI number at the back side of the b@adhdicated in
Figures.3.

Table8.1. Types ofLPDDR&DRAMN CertusPreNX Versa Evaluation Board

BRI Number LPDDR4 SDRAM Density Micron Part Number
LS&309001 4Gb MT53E128M32D2D@&H3WT:A
Other BRI numbers 16Gb MT53E512M32D1ZW46-WT:B

Both SDRAMSs support 588Hz DDRCommandrequency You can change the IP parameters to suit your board and
LPDDR4 memory device in your project.

win: fatticesemi.com/legal

(2 220K F doyA WAIRF G SR SESOdzi | ¢


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v3.0 for CeriNaPDevices

Reference Design

= LATTICE

29929999335952%08333
§2999999999908489

To modify the IP parameterperform the following

©c00 0000 0®6 00
) ®
ﬂﬂ@@'?‘ﬁ@@mnﬂ

5000000
®

BRINSC-2309-001

cc0C0

Figure8.3. Identifying LPDDRMemory Device through BRNumber

1OdZM (OR 8§ BE ( BXdgo LIBRRNE QYO YA v & i

[ Ipddrd_ca_o[5:0]

[ lpddrd_ck_o[0:0]

[ Ipddrd_cke_o[0:0]

[ lpddrd_cs_a[0:0]

" Ipddrd_dmi_io[3:0]

¢ Ipddrd_dg_io[31:0]

" Ipddrd_dgs_io[3:0]

{ Ipddrd_reset_n_o

{> pddrd_init_done_o

{ Ipddrd_pll_lock_o

{> Ipddrd_trn_err_o

Figure8.4. IP Block

1. Ly t NRLIST

system_Ilpddrd_mc_inst
ddr_ca_o[5:0]
ddr_ck_o[0:0]
adr_cke_o[0:0]
rBAPE S0 ddr_cs_ol0n]
fRAXLSD  ddr_dmi_io[3:0]
pll_refclk_i ccr_cu:_'o[ihﬂl]l
pll_rst_n_i ddr_dgs_io[3:0]
polk_i ddr_reset_n_o
oreset_n_i init_daone_
rst_n_i pll ok
trn_em_o
iirg
sclk o

2. Ly (GKS a2RdzZ SkLt

55w

f20]

: 2 AT FNRXZ YIS
YSY2REZB OS2 NI S Ed IR SO/ K # de&NIy 3 o

T ¢KS F2tt26Ay3 SEIFIYLES RSY2yaidNI
/I 2YYlF YR CNBIldzsSyoe

iKS

Sa

1S4 WKeS yioe
FNRY poo all G2 n

nn

ANBR OKLI y:

FlyaAg 3t 2 Fi
all o
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3./ ft POY S

4 Module/IP Block Wizard x
Configure Component from I[P memory_controller Version 2.6.2
Set the following parameters to configure this component.
Diagram system_|pddrd_ mc Configure [P
system_lpddr4_mc General Memaory Device Timing Training Settings Example Design
Property Value =
oS0 | e
ddr_ck_o[0:(0) = DDR Interface Type PDDR
ddr_cke_o[0:0 = 1/0 Buffer Type
DDR Command Frequency (MHz)
—[{APB S0 ddr_cs0[0:0f= SIS Ry
—[axs0  ddr_dmi_io[3:0k= -
— pC|k_i dclr_clq_io [271:0 o Enable Power Down
—pli_refclk_i ddr_dgs_io[3:0m= Enable DBI
—pli_rst_n_i ddr_reset_n_o— Read Fatent =
— preset_n_i init_done_o— RISC-V CP
st nd- || PSR
pll_lock_o— Enable PLL
sclk_o— PLL Reference Clock from Pin
170 Standard for Reference Clock LVSTLD_|
trn*er[*o_ NnNe -nd +ual Freaue H~ F 1 0
memory_controller T Memory Configuration
Fl z Calculate
User Guide Mo DRC issues are found.
Generate Cancel
. Module/IP Block Wizard x
Configure Component from IP memory_controller Version 2.6.2
Set the fellowing parameters te configure this component.
Diagram system_|pddrd_mc Configure P
system_lpddr4_mc General Memory Device Timing Training Settings Example Design
Property Value -
ddr_ca_o[5:0 =
ddr_ck_o[0:0 e
ddr cke o[0:0%= DDR Density (per Channel) i8Gh
DDR Bus Width 32
—[4APE S0 ddr_cs o[0:0f=
o Mumber of Ranks 1
-EAXLSD ddr_dmi_io[3:0}= Murmber of DDR Clocks 1
—pclk_i ddr_dg_io[31:0)m= er of Chip 5
—pli_refclk_i ddr_dgs_io[3:0jm=
—pli_rst_n_i ddr_reset_n_o—
—ipreset_n_i init_done_og— Data Width 2
—{rst_n_i irg_o— D Width 6
pll_lock_o— Maximum Burst Length 256
sclk o— Write Ordering Queues 2
Enable Local Bus Clock
trn_err_o—
Read Ordering Queues 2
memory_controller Enable APE I/F -
Fl = Calculate
User Guide Mo DRC issues are found.
Generate Cancel
Figure8.5. Customize IP
NRUSIF 1S adaNB we¢[ Aa dzLJRIFUGSR Ia LISNI U
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4. ,2dz Oy aS$S (KS YSaal3S 0$CRIHIMY I VIKENE /K @ yERS NS I IANE

SEP_contT IV (IatTicesent . contipTSySten_Ipadrd WoT2.6. 17 ~Weta_vInv {Iatticesent .comiip memory_controllers2.6.17 —ofg_value [AXI_DETA WIDTHT3Z, AXT_TD_WIDTHTE, CA_SLEW_RATETNED, DETE_CL¥_EN:false, DDR_CMD_FREQT400, DDR_DENSITYT

{_BURST_LEN:256}

+ipisystem lpddré mc:2.6.1} -name {system lpddr4 mc_inst} -component {soc_golden gsrd/system lpddrd me inst)
ort bus width 4o not match:

' and ‘system_lpddrs_mc_inss.AXI_50°

2> - The following interface port bus width do not macch:

'PADDR' in 'system apb_ic_inst.APB_MO2' and 'system lpddre me inst.APB_SO'

g

Figure8.6. TCL Console Output After Desired Customization

5. | RRNBa@KadlylIaSR FTNRDOpwmMHu a. (2 H

Schematic mﬁ\ddress Summary 3y, Start Page
Cell Base Address Range End Address | Lock
~ eth_sgdma_inst
~ soc_golden_gsrd/eth_sgdma_inst/SGDMA_BD_Address Space (32 address bits: 4G)
dual_boot_fpga_config_inst/APB_S0 0xC0002000 4K 0xC0002FFF  [F
eth_i2c_inst/APB_SO 0xC000C000 4K 0xCO00CFFF
eth_sgdma_inst/APB 0xC0003000 4K 0xCO003FFF
eth_tse_mac_sgmii_inst/APB_S0 0xC0004000 16K 0xCO00TFFF [F
system_boot_mem_inst/AX]_SO 0x80000000 128K 0x8001FFFF  [F
system_gpio_inst/APB_S0 0xC0001000 4K 0xCO001FFF [
I system_Ipddrd_mc_inst/AXI_S0 Ox 2G OxTFFFFFFF

system_lpddrd_mc_inst/APB_S0O OxCl 4K 0xCO00BFFF
system_ospi_fc_inst/AX14_SUB 0xC4000000 4K 0xCAODOFFF
system_uart_inst/APB_S0 0xC0000000 4K 0xCO000FFF  [F

Figure8.7. Updated Address Map

6. | LIRI (1 SA G &®B22ypa (1 NI %y a PARO FAE S

iHHHE R HARHHARH AR
j## LPDDRA IP Output Clocks
[HHEHHRRHHRRHHHRRHHRRHRRRHHRRRHHRRHRRRHHRRRHHRRHRREHHRRHHRRRHRRRHRRRHHRRRHHRRHRRE

create_generated_clock -name {lpddr4_eclk} -source [get_pins {system_lpddra_mc scc_lpddra /| . mon.u_PLL/REFCK}] -divide_by 4 -multiply by 16 \
[get_pins {system_lpddra_mc scc_lpddra /| _mon.u_PLL/CLKOS}]
R R R R AR R R R R HHRRNHRRERR

Figure8.8. Updated constraints.sdc

7. 1 f AOA tiNGRIZIIB2y lyEAAWERB Yy AdzNB G KFG GKSNB FNB y2 SNNEBNE

File Edit View Design Tools Window Help
sER 9 o & MES-xo @ QQQQ W%

Figure8.9. Validate Design Again if Any IP is Updated

8. / fAONSYiIkRHAI 82y IEABERBYa4NE G(KFG GKSNB NB y2 S$NNENAJ

File Edit View Design Tools Window Help
A 9 g4 MEEINOALES @QQaQ W%

Figure8.10. Generate Again if any IP is Updated

9. [FdzyOK G(KS tNRLISt {5Y FyR 2Ly (G4KS CNBSw¢h{ /«k/bb LINJ
10,9 RAG GKS fAY1TSNI AONRLII 6AGK dzZLJRFGSR [t55wn aSY2NE RS\
a. len =080000000for 16 Gb LPDDR4 SDRAM

b. len=0x20000000 for &b LPDDR4 SDRAM
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Figure8.11. Update the LPDDR length in linker.Id

11.C2f 6 gBI SUIKISREAY I / 2YLR Yy A BDIA2Yyi K& DO4RF §S GKS / k/ bb LN
NEISYSNIrdS o0AGAGNBFIY yR LINRPBINIY (GKS FtlakK gAGK dzLIRF i

8.3. Using 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 bootlodier Typically, the bootloader Isadedinto the System

Memory with.memfile during the bit file generation phase. The Engineering Change Order (ECO) editor toojaliows

to update suctc_bootloader.menadynamically without requiring the entire Radiant flow to berum.

¢KS F2fft26Ay3a SEFYLI S RSY2ZW¥rENG 61ISARKZIBYAN Q@I OKeé ¢ ISk dzLIR T i
1. /fAQ@R24y B R/NI OCXRAOI2 DE LIBFOKSAE ORAYVE NI BAYR25a D

Figure8.12. ECO Editolcon in Radiant Software

win: fatticesemi.com/legal


http://www.latticesemi.com/legal











































