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Abbreviationsin This Document

A list of dbreviationsused in this document.
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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

DDR Double Data Rate

FIFO Firstin-FirstOut

FMC FPGA Mezzanine Card

ISR Interrupt Service Routines

LMMI Lattice Memory Mapped Interface
LPDDR4 Low Power Double Data Rate Generation 4
MPMC Multi-Port Memory Controller

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 Tri- Speed Ethernet Media Access Controller
UART Universal Asynchronous ReceiVeansmitter
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1. Introduction

1.1. Overview of the System

The Lattice FPGBased GSRD SoC design presented herein is aimed at providing a versatile and efficient platform for
embedded applications requiring higierformance computing, memory access, data transfer capabilities, and network
communication. By integting various components onto a single FPGA chip, this design offers flexibility, scalability, and
costeffectiveness for a wide range of applications.

The Lattice Golden Hardware Reference Design (GHRD) is a-Bysii#nip (SoC) that can be used as a baseline design
to create FPGA applications as per the user requirements. It is a/Ri&&d design that interacts with various Lattice
SoftIPs and periperals such as GPIO, UART, I12C, Time3p&ad Ethernet MAC (TSE MAC), QSPI Flash Controller,
ScatterGather DMA (SGDMA) and LPDDR4 Memory Controller. All these building blocks are cahreaggad

industry standard protocols such as AKidl, AXIStean for data transfers and AXl4dte, APB for control.

The Lattice Golden Software Reference Design (GSRD) is a comprehensive embedded system which incorporates
drivers and relevant firmware needed to operate various design componentsRHr&S and First Stage Bootloader
(FSBL) is built on RISQRX CPU Corkhe primary function of FSBL is to initialize the hardware blocks in the design
using the respective IP drivers and ensure the integrity of the firmware by performing CRC check.

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

As a part of multboot demo, the executables folder comprises of compatible binaries and executable irragess
FPGA Bitstream (.bit) and Firmware Binary (.bin) for both Primary and Golden GSRD projects. The only difference is that
the Primary bitstream contains the code for muitiot enablement and Golden bitstream does not enable rdit.

GSRD fo€CertusPra-NXdevice is developed and tested with the following Lattice Pnoeld Lattice Radiant
software versions.

Notes:

1. ¢KS {DalLL AYyi{iSNFI OS dzé)\ya [+5{ Lkh KIFa fAYAGFGAZ2Y A
[FGGAOS NBO2YYSYRA& dz@Ay3 fGSNYFGAGBS AydSNFI OSasx adz
WSTFSNIV{2¢66 883S 5 T2 NI RSy EANIBEIO B 8dzNJ £ 20K € [ FGGAOS alf
AYVIF2NXIEGAZ2Y ®

2. ¢KS D2f RSy {@2aiGdSY wSTSNBYyOSNG @&adNBha2yRas Say 8§ Ny G A&
DI w5k D{ w5 wS FISNBS ywB & DF SvbA FySeyRoy aldNg Sise® ywSFSNI G2 GKAA
RSY2Yy&aiN) GA2Yy F2NJ GKS {DalLL AYyuSN¥FIFIOS GKIG Aa AYLXS

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

) Supported FPGA Family CertusPreNX
SoC Requirements -
SoC Version 2.0
) Targeted Devices LFCPNX00
FPGA Device(s) -
Supported User Interface AXI4Full, AXl4 ite, AXdStream, APB
Lattice Implementation Lattice Propel Software 2024.1
Design Tool Support P Lattice Radiant Software 202411
Synthesis Synopsys® Synplify Pro®
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1.3. Features

The key features of the system include:

FPGA device supported in this documer@éstusPreNX

RIS&/ RX CPU Core, SGDMA, TSE MAC, LPDDR4, and QSPI Flash Controller over AXI4 Interface
Lowspeed peripherals like GPIO and UART

Bootloader, Primary and Golden FreeRTOS Application

P LILX AOFGA2Y CANXGEFNBQa / w/ OKXOdotloader collelzy OG A2y AYLI SYS
FPGA bitstream CRC check done by FPGA Configuration Engine

Manual and Automatic MukBoot capability

FreeRTOS Application Software is run on LPDDR4 MC

256-bit AX14 LPDDR4 data width to supporit8ldata to DDR a400/533MHz operating frequency
AXI4/AX14 iteand APBPeripherals at @0 MHz

1 Gbps Ethernet throughptihrough SGMII SF8upport at 125 MHz

= =4 =4 -4 -4 -4 -89 _-9 -9

1.4. Naming Conventions

1.4.1. Nomenclature
The nomenclature used in this document is based on Verilog HDL.

1.4.2. Signal Names

Signal names that end with:

1 _nare active low (asserted when value if logic 0)
1 _iareinput signals

1 _o are output signals

1 _io are bidirectional input/output signals
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2. Functional Description

The GSRD/GHRD SoC architecture comprises of & RIBQ core, LPDDR4 Memory Controller, SGDMA controller,
QSPI Flash Controller, and a 1 Gbps TSE MAC, interconnected through a combinatiespafduigind lowspeed bus
fabrics such as AXI4 InterconnentdaAPB Interconnect. This architecture enables seamless communication and data
exchange between the components, facilitating efficient operation and system performance.

2.1. System Architecture Overview

2.1.1. CertusPreNXArchitecture

[Fle—s—»{5] [ 32 » o
—» e | SGDM A7 3 = AXKIC — MPMC o |€—256—» LPDDRMC |€—32—p| External DDR
o [—32—a] e 2 NE rle——32—»5] g
i ?
8 8 AXH System Mem
& > . >
¢ E R;%f;er Boot-Loader
"N R 32 & GPIO
32 P &%
TSEMAC |« 2
N UART
AT > AXHK-APB APB
E d Bridge Interconnect
SGMII SGMII AXKIC 12C
v l Reset Control GSRD Central
Interconnect
Multi-Boot
Confi
SGMII POPHY Clock Control 9
R35
QSPI Flash |4 «| External SPI
‘oa- oz 32 ——» Controller | d Flash

Figure2.1. GHRD Architecture oa CertusPreNXDevice

The design includes the following components:

Table2.1. IP Versions

SoftIP IP Version
RISG/ RX Processor v2.4.0
LPDDR4 Memory Controller v23.1
System Memory v.2.2.0
QSPI Flash Controller v1.2.0
General Purpose 1/0 GPIO v1.6.2
UART v1.3.0
12C Controller v2.0.1
AXl4 Interconnect v2.01
APB Interconnect vl.2.1
AXI to APB Bridge v1.2.0
TriSpeed Ethernet MAC v1.6.0
SGMII PCS/PHY V1.6.2
SGDMA v2.2.0
AXI4 Register Slice v1.0.0
Multi-Boot Configuration v1.0.0
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Soft-IP IP Version
PLL v1.9.0
OSC v2.1.0

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 in each interface are described inStymal Descriptiogection.

2.2. Clocking

This section describes the reference design clocking scheme. There are some minor differences between the clocking
scheme andhe LatticeCertusPreNXdevice. Refer to th€ertusPreNXClocking Overvievsection.

2.2.1. CertusPreNXClocking Overview

There are five clocks in GSRD Certu$PfdArchitecture. They are as follows:

External Reference Clock for DDR4 isNIb2

External Reference Clock for TSE MAC idvit25

On-Chip Oscillator Clock is 1R81z

RIS©/ Realtime Lowrequency Clock derived from OSC inside the FPGA Config IP
Internal System Clock derived from FPGA PLL iSMH20

=A =4 =4 4 A

EZ'— DDR Ref Clie 100MHz—————— 3 LP“?K?R

PD<F—————— 1Gbps Ref Clk125MHz—————»{ TSE MA(
Low-Frequency Clock
from OSC Realtime Clock | RISQ/
inside FPGA Config 0.032Mhz d
Logic
Ii) Zise% System Clock
> oo [ 100MHz —»
P | To Ax4/ APBAXHK-Lite _

(PLD SGDMA QSPI 12C Glue Logi¢
System GPIO UART Timer
Memory

CertusPreNX GSRD Clocking

Figure2.2. Clocking Structure fo€ertusPreNXGSRD
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2.3. Reset Scheme

There are two resets in the entire design:

1 External Asynchronous Reset which is controlled by a pugbn
1 Synchronous Reset for entire system is generated fromRISC

Table2.2. Reset Scheme

= LATTICE

rstn_i

Reset Signal Source Destination Description
rstn_i Board Pushbutton PLL reset inpuand Reset the PLL
Synchronizer
cpu_rstn_i PLL Lockndsynced RIS©/ RX reset input Release RISCRX from reset pin, synchronizer

and PLL lock

system_rstn_o | RIS&/ RX output

All components in system

RISE/ RX output reset provides reset to all
components in the design. This also triggers th
reset during CPU OCD debugging mode.

PLL ——1

lock:

\ 4

...

—rstn_i |

Reset

RIS/ |——

Sync

\ 4

system
resetn o

LPDDR
fyrs TSE MAC

SGDMA QsPI Glue Logi

System GPIO UART

Memory

Figure2.3. Reset Structure foCertusPreNXGSRD

2.4. 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.

2.4.1. RIS©/ RX CPU Core

For more information about the IP core including register map informatiefier to RIS&/ RX CPU IP Core User Guide
(FPGAPUG02241) The RISW RX CPU IP has A&s$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 the memory andpterals for control.

wini: fatticesemi.com/legal


http://www.latticesemi.com/legal
https://www.latticesemi.com/view_document?document_id=54006
https://www.latticesemi.com/view_document?document_id=54006

Golden System Reference Design and Demo User Guide v2.0 for CertbisPD®evices .l.lLATT’CE
Reference Design

“ Module/IP Block Wizard

Configure Companent from Module riscy_rtos Version 2.4.0
Set the folloving parameters to configure this component.

Disgram cpu Configure IP
| General Debug Buses Interrupt UART
cpu Property Value

Processor Mede {Balanced

[HIRQ S2 ResetVector | 32 h00000000
RQS3
[HIRQ 54
[#IRQ S5 AXI M DATAH—
[HIRQ S6  AXI M_INSTR4|
RQ_S7 system_resetn_of—

clk_realtime i

clk_system_i

rstn_i

riscv_rtos

4 3

Document Ho DRC issues are found.

Figure2.4. CPU Configuratiog General

“ Module/IP Block Wizard

Configure Component from Module riscy_rtos Version 2.4.0
St the following parameters o configure this component.

Diagram cpu Configure 1P
= General Debug Buses Interrupt UART
Cpl_l Property Value
Enable Debug
—_ RQ_SZ Enable Debug On Off Control Port
JTAG Type Hard

= RQ—S3 JTAG Channel Selection for Certain Devices [14-16] 14
—(IrRQ 54
—_— RQSS AXIiMiDAT —
-_ RQSG AXLMiINST
RQ_S7 system_resetn_o—

—clk_realtime_i
— clk_system_i
—rstn_i
riscv_rtos
. o
Document No DRC issues are found.

Figure2.5. CPU Configuratioq Debug
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“ Module/IP Block Wizard

Configure Component from Module riscv_rtos Version 2.4.0
Set the following parameters o configure this component,

cpu

[Hra_s2
[Hra_s3
IRQS4
[HrQ_s5
[Hra_s6
EIRQ_S?
EIRQ_SB

clk_realtime_i

AXI_M_DATAH—
AXI_M_INSTRHH—

system_resetn_of—

clk_system_i
rstn_i

riscv_rtos

Interrupt

Enable Local Bus

Enable AX] Instruction Ports
AXI Instruction Interface Register Slice Type | 0
AXID Width 2
AX| Data Ports ID Number [0- 3] 0
AXl Instruction Ports ID Mumber [0 - 3] 0

Enable CFU Ports

Document

UART

Cany

Figure2.6. CPU Configuratiog Buses

“ Module/IP Block Wizard

Configure Component from Module

riscv_rtos Version 2.4.0
Set the folk fiqure this

[Hmra_s6
[Hra_s7
[Hmrq_ss

AXI_M_INSTRHH—

system_resetn_o—

Diagram cpu Configure 1>
4 General Debug Buses Interrupt UART
Property Value
cpu
E[RQ_SZ Enable Non-maskable Interrupt
Enable Interrupt for Superviser Mode
E[RQQ Width of Interrupt Priority Register [2-3] 3
E[RQ% Number of User Interrupt Requests [1-30] 7
HIRQ S5 .
|
. AXI_M_DATE— Enable COC Register for IRQ_S2

Enable CDC Register for IRQ_S3
Enable CDC Register for IRQ_S4
Enable CDC Register for IRQ_S5
Enable CDC Register for IRQ_S6
Enable CDC Register for IRQ_S7
Enable CDC Register for IRQ_S8

clk_realtime_i
clk_system_i
rstn_i
riscv_rtos
4 » 4
Document

Mo DRC issues are found.

Generate

Can

Figure2.7.

CPU Configuratioq Interrupt
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“ Module/IP Block Wizard *

Configure Component from Module riscv_rtos Version 2.4.0
Set the folloving parameters to configure this companent.

Disgram cpu Configure IP
= General Debug Buses Interrupt UART
Cp u Property Value
Enable UART Instance
—[4HRQ s2
— RQ_S3
R 54

Rst AXI?M?DAT
RQ_SG AXI_M_INST—
RQ_S? system_resetn_of—

—{clk_realtime i
—clk_system_i
—rstn_i
riscv_rtos
, i
Document MNo DRC issues are found.

Figure2.8. CPU Configuratiogq UART

2.4.2. LPDDR4 Memory Controller

For more information about the IP core including register map information, tefstemory Controller IP Core for

Nexus Devices (FPEAIG02127)

The LPDDR4 Memory Controller IP enables access to the external LPDDR4 memory modules. The memory can be used
to store CPU software code and data.
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“ Module/|P Block Wizard X
Configure Component from IP memory_controller Version 2.3.1
Set the following parameters to configure this component.
Diagram Ipddrd_mc_contrd Configure IP
= General Memory Device Timing Training Settings
Property Value
~ General
1/0 Buffer Type LVSTL_|
DDR Command Frequency (MHz) 400
Ipddr4_mc_contr0
ddrﬁcafo[S:D] Enable Power Down
Enable DEI
ddr_ck_o[0:0]
- EAPB_SD ddr_cke_o[0:0]
—[HAXIS0  ddr_cs o[0:0] ~ Clock Settings
—aclk_i ddr_dmi_io[3:0]
PLL Reference Clack fram Pin ]
—areset_n_i ddr_dq_io[31:0]
—pclk_i ddr_dgs_io[3:0]
—pll_refdk_i ddr_reset_n_o ~ Memary Configuration
- pII_rst_n_i init_done_o DDR Density (per Channel) 4Gb
DDR Bus Width 32
—preset_n_i Irq_o MNumber of Ranks 1
—rst_n_i p”JOCk;D MNumber of DDR Clocks 1
sclk_o B ————
trn_err_o|
memory_controller Data Width 6
1D Width 4
Write Ordering Queues 4
Read Ordering Cueues 4
Enable Local Bus Clock
Enable APB I/F
4 » Calculste
Document No DRC issues are found.
Generate Cancel

Figure2.9. LPDDR4 MC Configuration

2.4.3. QSPI Flash Controller

For more information about the IP core including register map information, ref&3BI Flash Controllgt User Guide
(FPGAPUG02248)

The QSPI Flash Controller is a foustiaite data line serial interface that is commonly used to store, program, erase and
read SPI Flash memories. QSPI enhances the throughput of a standard SPI by four times since four bits are transferred
every cycle.l GSRD, the QSPI is used to store the application software and bitstreams for both Primary and Golden
systems.
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4. Module/IP Block Wizard ped
Configure Component from IP qspi_flash_controller Version 1.2.0
Set the following parameters to configure this component.
Diagram qspi0 Configure IP
Property Value M
~ Interface Settings
Main Interface AXl4
AXI4 1D Width [0 - 32] 4
Data Endianness Big-endian
~ 10 Primitive
Enable |0 Buffer [~]
~ SPI Configuration and Transfer Settings
Supported Protocol Quad
qspio Number of SPI Target [1 - 32] 1
SPI Clock Polanty 1
INTRH SPI Clack Phase 1
qspi_io0
. Chip Select High Time (ns) 30
—EAXH qgspi_iol -
- Clock Frequency Settings
—a_clk_i qspi_io2 System Clock Frequency (MHz) [1 - 200] 100
—a_reset_n_i qspi_io3
sclk_o SPI Clock Frequency Divider 2
ss_n_o[0:0
N_0[0:0] = ~ Flash Address Mapping
- Enable Flash Address Mappin
gspi_flash_controller [y
~ Flash Commands
Read Status Register 1 8'h05
Read Status Register 2 8'n35
Read Status Register 3 8'n15
Read Configuration Register 8'nB5
Read ID 8'hoF
Read Electronic ID 8'hAB
Multiple 10 Read 1D 8'hAF
Read Manufacturer and Device ID 8'h90
Read Manufacturer and Device ID Dual 10 8'h92
Read Manufacturer and Device ID Quad 1O 8'ho4
L Read Data &8'h03
d L Cact Raad QN <
Document No DRC issues are found.
Generate | Cancel

Figure2.10. QSPI Flash Controller Configuration

2.4.4. Tri-Speed Ethernet MAC

For more information about the IP core including register map information, reféri#8peed Ethernet MAC IP User
Guide (FPGARPUG02084)

The TSEMAC IP core is a 10/100/100ps network interface as per the IEEE 802.3 standard. It is complex core
containing all the necessary logic, interfacing and clocking infrastructure to allow integrating an external industry
standard Ethernet PHY with an internal processor, with minimafttead. The GSRD requires 8®MIl Easy Connect
to support 1Gbps daterates.
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% Module/IP Block Wizard

Configure Component from IP tse_mac Version 1.6.0
Set the following parameters to configure this component.

Diagram tse_macO

tse_macO

r_error_o|
r_fifo_error_of

rx_stat_vector_o[31:0]

ired_i[7:0]

. t_done_o
irxmac_dk_en_i
te_en_o|
irmac_dk_i
te_er_o
t_fifoctrl_i
tx_macread_o|

e _sndpausreq_i
ite_sndpaustim_i[15:0]
bamac_dk_en_i
itemac_dk_i

4

Document

Configure IP
Property

~ General
Host Interface
Select IP Option
Include MIIM Module
Statistics Counter Registers

- Configuration
Select MAC Operating Option

Mo DRC issues are found.

Value

APB
MAC only

SGMII Easy Connect

Generate

Cancel

Figure2.11. TSE MAC Configuration

2.4.5. SGMII PCS/PHY
For more information about the IP core including register map, ref&Gd/ll and Gb Ethernet PCS IP Core (FPGA

IPUG02077)
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4. Module/IP Block Wizard

Configure Component from IP sgmii Version 1.6.2
Set the following parameters to configure this component.

Diagram sgmii0 Configure TP
sgmi0 = Property
MMI
debug_link_timer_short i ~ General
fors et (GIMIl Style
force_loopback i
force_uridi_i an link ok RX CTC Mode
gbe_mode i dlk_gddr_
me_adv_ability_i{15:0] aolc
me_an_enable i s
me_main_reset_ i mr_an_complete_c ~ Optional Ports

me_restart_an_i me_lp_adv_ability_o[15:0)

opesational_rate_i{1:0] mr_page_nx ¢

pl_refcl_i _dlock_enble_ source
rst_n i re_d_of7:0]
_cl_mi_i i dv
_dock_enable_sink _i e
ser i ser_bi_s
sgmii_mode i ¢ dlock_enble_ source
o cl_mi_i usr_ck ¢
o_dlock_enable_sink _i
b d {7:0]
b en i
b_er_i
sgmii
E
4 »

Document

Use External PLL (remove internal PLL instance)

Enable Port: CDR Reference clock (input)
SGMII Core Register Access

No DRC issues are found.

Value

TSMAC Easy Connect

Dynamic

LMMI

Generate

Cancel

Figure2.12. SGMII PCS/PHY Configuration

2.4.6. ScatterGather DMA
For more information about the IP core including register map information, refS@DMA Controller IP CqfePGA

IPUG02131).

The SGDMA Controller IP core is to access the main memory independent of the CPU processor. It offloads processor

intervention. The processor initiates transfer to SGDMA Controller and receives interrupts on completion of the
transfer by the DMA engine. &ltore implements a configurable, AXi@mpliant DMA controller with scattegather
capability. It also implements the AXMream interface to support stream data from TSE MAC modhkAXI4Lite
CSR interface is used to configure the control and statgisters by the RISCCPU.

“ Maodule/IP Block Wizard

Canfigure Component from IP sgdma Version 2.2.0
‘Set the fallowing parameters to configure this companant.

Diagram sgdmad

sgdmal

X14L
o o000
~ Aa4_BD_MIH

axil_dk

Ax14_MJH

axil_rstn
- MM2S_IRGH
ok S2MM_IRGH
rstn -
sgdma
‘
Document

Configure 1P
Property Value

~ SGDMA Setting
AXI Data Width: 2
AX| Address Width: 2
AX D Width: [1- 8] 2
AX] Stream Data Width: 8
AX] Stream TDEST Width: [1-4] 4
AX] Stream TID Width: [1-4] 4

Memery Map to Stream FIFO Depth: 2048
Stream to Memory Map FIFO Depth: | 2048

No DRC issues are found.

Generate Cancel

Figure2.13. SGDMA Configuration
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2.4.7. UART

For more information about the IP core including register map information, refel®dBT IP User Guide (FRBRIG
02105)

The Universal Asynchronous Receiver/Transmitted (UART) Transceiver IP core perfortesysadlel 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.

. Module/IP Black Wizard x

Configure Component from IP uart Version 1.3.0
Set the following parameters o configure this component.

Dizgram uari) Canfigure IP

4] Property Value

~ General

System Clock Frequency (MHz) [2-200] | 100

Serial Data Width 8
Stop Bits 1
Parity Enable

~ Baud Rate
Baud Rate Type Standard
UART Standard Baud Rate 115200

~ UART Feature Enables
FIFO Enable

uart

Rx Ready Enable
T Ready Enable

Document Mo DRC issuss are found.

Figure2.14. UART Configuration

2.4.8.GPIO

For more information about the IP core including register map information, ref&RtD IP Core (FPGAJG02076.
The GenerdPurpose Input/Output (GPIO) peripheral IP provides dedicated memapped interface to configure the
GPIO ports as well as the number of input and output ports.

“ Module/IP Block Wizard x

Configure Component from IP gpio Version 1.6.2
Set the folloving parameters to configure this component.

Disgram gpicd Configure IP
| Property Value
~ General
Number of 1/ Lines [1 - 32] 8
Remove Tii-State Buffer
Initial Qutput Value (hex) [0 - FFFFFFFF] | 0
gp i00 10 Direction (hex) [0 - FFFFFFFF] FF
APB =) Interface APB
o INTRH
clk_i L
) gpio_io[7:0]
resetn_i
gpio
E
Al »
Document No DRC issues are found.

Figure2.15. GPIO Configuration
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2.4.9.12CController

For more information about For more information about the IP core including register map information, ré&t€r to
Controller IP Core (FP&RUG02071)

The 12C Controller IP core provides a standandr2 external 12C bus interface. It supports @iftband interrupt and
configurable transmit/receive FIFO size to minimize intervention by the host. In GSRD, it used to control the Marvel
PHY register spadeside the SFP connector.

% Module/IP Block Wizard X
Configure Component from IP i2c_cantroller Varsion 2.0.1
‘St the fallowing parameters o configure this component,
Diagram i2c0 Configure IP
=] property Value
~ General
APB Mode Ensble =
Remove Tristate Buffers
~ HFO
i2c0
FIFO Depth 16
Implementation of FIFO wr
PB_SO INT TXFIFO Almost Empy Flag [1 - 256] 2
RX FIFO Almost Full Flag [1 - 256] 14
clk_i scl_io - Clock

System Clock Frequency (MHz) [10- 2001 100
Desired SCL Frequency (kHz) [100-1000] 100

i2c_controller

Document No DRC issues are found.

Generate Cancel

Figure2.16. 12C Configuration for SFP PHY Control

2.4.10.Multi-Boot Configuration Module

The MultiBoot Configuration is used to trigger an internal FPGA REFRESH/PROGRAMN command to LMMI logic. This
core IP implements an APB endpoint which decodes theRISRU command data. The LMMI host FSM inside is used
to execute the soft reset to loadhé next or alternate bitstream and application software data onto the FPGA.

“ Module/IP Block Wizard X
Configure Compenent from IP fpga_multiboot_config Version 1.0.0

St the folloving parameters to configure this companent.

Diagram mbeonfigd Configure IP
] | property Value

~ General
SIM[O --> SYNTHESIS and 1 --> SIMULATION] | 0

mbconfig0

config_active

fpga_multiboot_config

Document No DRC issues are found.

Figure2.17. Multi-Boot Configuration
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2.4.11.AXI Bridge MultiPort Memory Controller
For more information, refer té\X14 Multi Port Bridge for Memory Controller Module (FRBAG02246) This is used

to enable 256&bit AX| databus to LPDDR4 MC.

4. Module/IP Block Wizard x
Configure Component from IP mpmc_axi Version 1.0.0
Set the following parameters to configure this component.
Diagram mpmc0 Configure IP
= General External Manager Settings
Property Value
~ General
mpmc0 Total External AXI4 Managers 2
1500
1501
axi_M00_aclk_i[0:0] Manager and Subordinate ID Width 4
axi_MO00_aresetn_i[0:0]
axi_S00_aclk_i[0:0]
axi_S00_aresetn_i[0:0]
axi_S01_aclk_i[0:0]
axi_S01_aresetn_i[0:0]
mpmc_axi
4 »
Document No DRC issues are found.
Generate | Cancel
Figure2.18. MPMC Configure IP General
4. Module/IP Block Wizard x
Configure Component from IP mpmc_axi Version 1.0.0
Set the following parameters to configure this component.
Diagram mpmc0 Configure IP
= General External Manager Settings
Property Value
~ External Manager CDC Enable Settings
mpmc0 CDC Enable Manager 0 ENABLE
LS00 CDC Enable Manager 1 DISABLE
1 501 ~ External Manager Qutstanding Limit Settings
axi_MOD_aclk_i[0:0] QOutstanding Limit Manager0 8
axi_MO0_aresetn_i[0:0] Outstanding Limit Manager 1 8
. - AXLMOQe— "
axi_S00_aclk_i[0:0] ~ External Manager Data Width Settings
axi_S00_aresetn_i[0:0]
axi_S01_aclk_i[0:0]
axi_S01_aresetn_i[0:0] ~ External Manager Access Mode Settings
mpmc_axi Access Mode Manager 0 Read_and_Write
Access Mode Manager 1 Read_and_Write
Al » 7
Document No DRC issues are found.
Generate | Cancel

Figure2.19. MPMC Configuration Manager Settings
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2.4.12.System Memory

For more information about the IP Core, referSgstem Memory Module (FP&RUG02073) The System Memory
implements EBR, LRADI Distributed Memory in either single port or dual port AHBL or AXI4 subordinate. In GSRD, an
EBR and single AXI4 port is used. The system memory in this design is used to store the bootloader.

* Module/IP Block Wizard *
Configure Component from Module system_memory Version 2.2.0
Set the following to configure this ent,
Diagram sysmemd Configure IP
= General Port S0 Settings Port 51 Settings
Property Value
~ General
Interface AXI4
Sysmemo Memory Address Depth [1 - 4055040] 32768
Data Bus Width(bits) 32
Memory Type EBR
— A Port Count 1
I—SO ECC Enable
— axi_aclk_i AXM 1D Width 4
* Data Streamer
—_ aXl_resetn_| Enable Data Streamer
system_memory |gp..
Initialize Memory
Initialization File Format hex
Initialization File .J.fAvant_RX_GSRD_Bootloader_Template...
4 » =
Document Mo DRC isues are found.
Generate Cancel
Figure2.20. System Memory Configuration
2.5. System Level Interfaces
Table2.3. System Level Interfaces
Top-Level Interface Name SUIS Description
Protocol
Advanced eXtensible Interface 4 AXl4 Used for Data/Control Interfaces on all IPs
Advanced eXtensible Interface Lite AXl4Lite Used as Control Interface for SGDMA
Advanced Peripheral Interface APB Used as Control Interface for lespeed and LPDDR4 MC
Serial Peripheral Interface QSPI Used for communication with external SPI Flash
Dual Data Rate LPDDR4 Used for communication with external LPDDR4
1G Ethernet SGMII Used for communication with externgFP
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2.6. SoC Memory/Address Map
Table2.4. Address Map of GHRD

Base Address End Address Size kB/MB/1 GB) | Block

0x00000000 0X0003FFFF 256kB CPU Instruction/Data RAM
0xF2000000 OXF20FFFFF 1 MB CLINT (CPU)
0xFC000000 OXFC3FFFFF 4 MB PLIC (CPU)

0xF0000000 0xFO0003FF T Reserved_Spacel (CPU)
0xF0000400 OXF1FFFFFF T Reserved_Space2 (CPU)
0xFC400000 OXFFFFFFFF T Reserved_Space3 (CPU)
0x40000000 0x40000FFF 4kB GPIO

0x40005000 0x400053FF 1kB 12C

0x40007000 Ox4007F-FF 4kB LPDDR4 APB
0x80000000 OXBFFFFFFF 1GB LPDDR4 AXI
0x40006000 0x40W6FFF 4kB Multi-Boot Config APB
0x40300000 0x4030FFFF 64 kB QSPI Flash Controller
0x40093000 0x400D3FF 4kB SGDMA

0x00000000 O0x0001FFFF 128kB System Memory
0x40001000 0x40004FFF 16kB TSE MAC

0x40090000 0x40090FFF 4kB UART

2.7. Functional Operation

The GSRD system comprises of two SoCs (System osuhigdPrimary and Golden. Each SoC is linked with its

respective FirsGtage Bootloader (FSBL) and a FreeRTOS Application Software. These SoCs are built using Lattice Propel
SDK, Lattice Propel Buildand Lattice Radiant software tools. The FPGA image comprises of the entire system and is
generated by the Radiant tool in the (.bit) bitstream format. The bootloader code is stored inside the system memory

and is part of the bitseam. The hitstream ahthe FreeRTOS application software are stored into the external SPI Flash
(Macronix or Winbond).

Duringpower-on, the Primary FPGA image is loaded into the désR2&M by the Config Engine. Before the device is
completely programmed with the bitstream, the config engine checks the CRC (Cyclic Redundancy Check) for the
bitstream to be loaded onto the FPGA. Once the FPGA is configueddONE LED on the board gkgveen.

Immediately, the RISE stars executing the bootloader software stored inside system memory and initialize all the
soft-IP modules and peripherals to establish a base for commuaitatid data transfers. This process includes
configuring the IPs for the desired system operation. After all the IP configuration is complet¥, iRltgEes trigger

the QSPI Flash controller to copy the FreeRTOS application software from external SPI Flash into the external LPDDR4
for software execution. Once the application software is copied, the-Rt®€ckshe CRC on entire copied application
software. If the CRC check fails, R¥S@itiates a soft reset/refresh by instructing the muliioot confguration module

to start the PROGRAMN sequence. The PROGRAMN setpamtgtbe next bitstream into the FPGA which in this case
would be the Golden FPGA and FW images, and the same process.fallme CRC check passes for either Primary or
Golden, the RISZjumpsto the application instruction and stathe FreeRTOS FW execution.
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3. Signal Description

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
clk_125MHz Input 1 Reference clock input for internal PLL and TSE MAC/SGMII
pll_refclk_i Input 1 Reference clock input for LPDDR4 MC internal PLL
rstn_i Input 1 Active low reset input for reference design. Activate by pressin
pushbutton on the board.
CertusPreNX devices: SW3
GPIO
sO_gpio Input/Output 8 General Purpose /O signals connect to LED on board
UART
sl uart_txd_o Output 1 UART transmit output. Connects to the board TXD signal.
sl uart_rxd_i Input 1 UART receive input. Connects to the board RXD signal.
QSPI Flash
SPI_CLK Output 1 Serial clock to SPI Flash
SPI_CSS Output 1 SPI Flash chip select
SPI_MOSI Input/Output 1 Serial data between FPGA and external SPI Flash
SPI_MISO Input/Output 1 Serial data between FPGA and external SPI Flash
SPI_D2 Input/Output 1 Serial data between FPGA and external SPI Flash
SPI_D3 Input/Output 1 Serial data between FPGA and external SPI Flash
LPDDR4 MC
ddr_ca_o Output 6 LPDDR4 command/address
ddr_ck_o Output 1 LPDDRA4 clock
ddr_cke_o Output 1 LPDDRA4 clock enable
ddr_cs_o Output 1 LPDDR4 chip select
ddr_dmi_io Input/Output 4 LPDDRA4 data mask
ddr_dg_io Input/Output 32 LPDDR4 Data
ddr_dgs_io Input/Output 4 LPDDRA4 data strobe
ddr_reset_n_o Output 1 External Memory chip reset signal
init_done_o Output 1 Connects to LED for status check
irg_o Output 1 Connects to LED for status check
pll_lock_o Output 1 Connects to LED for status check
sclk_o Output 1 Connects to LED for status check
trn_err_o Output 1 Connects to LED for status check
SGMII PCS/GbE
ser_rx_i Input 1 SGMII PCS receive data from SFP
ser_tx_o Output 1 SGMII PCS transmit data from SFP
an_link_ok_o Output 1 Connects to LED to check Ethernet anagotiation status
Multi-Boot
config_active_o Output 1 Connects to LED to check MuBtot Configuration Block
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4. Software Components

The GSRD (Golden System Reference Design) is enabled-bydei8@ased FreeRTOS and Lattice FPGA IP modules.
Lattice developed BSP (Board Support Package) drivers in C language act as intermediaries, facilitating communication
between the hardware elentégs on the FPGA and FreeRTOS software. During boot up, these drivers initialize and
configure FPGA peripherals to establish effective coordination with the\RBaCessor.

4.1. Primary and Golden Bootloader
Bootloader is a barenetal progranthat does the following IP configurations

il
f

Configureghe GPIO and UART IP

For LPDDR4 MC configuration, it first reads if the PLL Lock status is set and then initiates Memory Training and
waits until training is complete. Configures the QSPI flash controller to read the application software stored into
external flash while FIF® disabled using API and copies it into LPDDRen calculates the CRC value on the

entire FW copied into DDR using crc16_ccit() APl and compares the value with the original CRC value.

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

Primary GSRD system.

4.2. Primary and Golden Application

f
f

f
f

Executed by RISCRX CPU core from LPDDR4 where it initializes the BSP and Operating System

Configures the TSE MAC handler with 1G Ethernet address, speed mode, MAC upper and lower. Passes TSE Core
object to initialize the Ethernet IP and sets the MAC address.

Creates an Ethernet frame using the API provided in ethernet_frame.h.

For the SFP PHY initializatidrconfiguresthe PHY using i2c_phy_init() API by writing the configuration into PHY
Status Register. then performsa PHY reset before starting the TSE packet traffic. The PHY configuratiamifcheck
the Marvell 88E1111 PHY is attached before performing the configuration.

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

Configure the SGDMA IP for MM2S to transfer the Ethernet frame td $ieMAC argkt up S2MM to receive
packets from the TSE MAC as&cond intervalsRuns FreeRTOS scheduler and Task Handler.

Ethernet RX packets displayed upon every incoming Ethernet packet
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5. Design Constraints

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

5.1. Clock Constraints

# Top level Clocks

create_clock - name {pll_refclk i} - period 10 - waveform {0.000 5.000} [get_ports
pll_refclk_i]

create_clock  -name {clk_125MHz} -period8 -waveform {0.000 4.000} [get_ports clk_125MHz]

5.2. 1/0O Constraints

create_generated_clock - name {pll0_inst_clkop_o_net} - source [get_pins
pll0_inst/Iscc_pll_inst/gen_no_refclk_mon.u_PLL.PLL_inst/REFCK] -divide_by5 -
multiply by 4 [get_pins pllO_inst/Iscc_pll_inst/gen_no_refclk_mon.u_PLL.PLL_inst/CLKOP]
create_clock - name {pll_refclk i} - period 10 - waveform {0.000 5.000} [get_ports
pll_refclk_i]

create_clock -name {clk_ 125MHz} -period 8 -waveform {0.000 4.000} [get_ports clk 125MHz]
create_clock - name {cdro_srclk} - period 8 [get_pins

sgmiiO_inst/lscc_sgmii_gbe pcs_inst/u_serdes/genblk4.u_SGMIICDR.SGMIICDR_inst/SRCLK]
create_clock - name {fpga_config0_sys clk} - period 35.5556 [get_pins
{fpga_config0_inst/fpga_config_inst/OSC_inst.OSC_inst/HFCLKOUT }]

create_clock - name {fpga_config0_inst_lfclock_out_net} - period 31250 [get_pins
{fpga_config0_inst/fpga_config_inst/OSC_inst.OSC_inst/LFCLKOUT }]

#GPIO

Idc_set_location - site {R9} [get_ports {sO_gpio[0]}]

Idc_set_location - site {U8} [get_ports {sO_gpio[1]}]

Idc_set_location - site {R7} [get_ports {sO_gpio[2]}]

Idc_set_location - site {R6} [get_ports {sO_gpio[3]}]

Idc_set port  -iobuf {IO_TYPE=LVCMOS33} [get _ports {sO_gpio[*]}]
#STATUS LEDs

Idc_set_location - site {R4} [get_ports init_done_0]
Idc_set_location - site {R8} [get_ports pll_lock_o]
Idc_set_location - site {R5} [get_ports an_link_ok_o]
Idc_set_location - site {P8} [get_ports config_active 0]
#UART

Idc_set_location - site {M9} [get_ports s1_uart_txd 0]
Idc_set_location - site {L8} [get_ports s1_uart_rxd_i]

Idc_set port  -iobuf {IO_TYPE=LVCMOS33} [get_ports s1_uart rxd_i]
Idc_set port  -iobuf {IO_TYPE=LVCMOS33} [get ports s1_uart _txd 0]

#CLOCKS

Idc_set port  -iobuf {IO_TYPE=LVSTLD_ I} [get ports pll_refclk _i]
Idc_set_location - site {AB19} [get_ports pll_refclk_i]

Idc_set port  -iobuf {IO_TYPE=LVCMOS33} [get_ports clk_125MHZz]
Idc_set_location - site {P24} [get_ports clk_125MHZz]

#RESET

Idc_set_location - site {N9} [get_ports rstn_i]

Idc_set port  -iobuf {IO_TYPE=LVCMOS33 PULLMODE=UP} [get_ports rstn_i]
#SGMII

Idc_set port  -iobuf {IO_TYPE=LVDS} [get ports ser_tx_0]
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Idc_set_location - site {U26} [get_ports ser_tx_0]

I[dc_set_port  -iobuf {IO_TYPE=LVDS} [get_ports ser_rx_i]
Idc_set_location - site {V24} [get_ports ser_rx_i]

#12C

Idc_set port  -iobuf {IO_TYPE=LVCMOS33} [get_ports sfp_disable 0]
Idc_set_location - site {T19} [get_ports sfp_disable o]
Idc_set_location - site {U19} [get_ports [12C_SCL]

Idc_set_location - site {T18} [get_ports 12C_SDA]

#SPI flash

Idc_set port  -iobuf {IO_TYPE=LVCMOS33 SLEWRATE=FAST} [get_ports SPI_CLK]
Idc_set port  -iobuf {IO_TYPE=LVCMOS33 SLEWRATE=FAST} [get_ports SPI_CSS]
Idc_set_port  -iobuf {IO_TYPE=LVCMOS33 SLEWRATE=FAST} [get_ports SPI_MOSI]
Idc_set_port  -iobuf {IO_TYPE=LVCMOS33 SLEWRATE=FAST} [get_ports SPI_MISO]
Idc_set port  -iobuf {IO_TYPE=LVCMOS33 SLEWRATE=FAST} [get_ports SPI_D2]
Idc_set port  -iobuf {IO_TYPE=LVCMOS33 SLEWRATE=FAST} [get_ports SPI_D3]

Idc_set_location - site {H7} [get_ports SPI_MOSI]
Idc_set_location - site {K5} [get_ports SPI_D2]
Idc_set_location - site {H6} [get_ports SPI_MISO]
Idc_set_location - site {H4} [get_ports SPI_D3]
Idc_set_location - site {G6} [get_ports SPI_CLK]
Idc_set_location - site {G7} [get_ports SPI_CSS]
#LPDDR4 MC

#lO location assignment after back - annotation

#DQ GROUP

Idc_set_location - site {AA6} [get_ports {ddr_dqg_io[0]}]
Idc_set_location - site {AA5} [get_ports {ddr_dqg_io[1]}]
Idc_set_location - site {Y6} [get_ports {ddr_dqg_io[2]}]
Idc_set_location - site {Y5} [get_ports {ddr_dq_io[3]}]
Idc_set_location - site {AE4} [get_ports {ddr_dqg_io[4]}]
Idc_set_location - site {AD4} [get_ports {ddr_dq_io[5]}]
Idc_set_location - site {AD3} [get_ports {ddr_dq_io[6]}]
Idc_set_location - site {AC4} [get_ports {ddr_dq_io[7]}]
Idc_set_location - site {ADG6} [get_ports {ddr_dq_io[8]}]
Idc_set_location - site {AEG6} [get_ports {ddr_dqg_io[9]}]
Idc_set_location - site {AC7} [get_ports {ddr_dq_io[10]}]
Idc_set_location - site {AB7} [get_ports {ddr_dq_io[11]}]
Idc_set_location - site {AA7} [get_ports {ddr_dq_io[12]}]
Idc_set_location - site {Y7} [get_ports {ddr_dq_io[13]}]
Idc_set_location - site {AB6} [get_ports {ddr_dq_io[14]}]

Idc_set_location - site {AC6} [get_ports {ddr_dq_io[15]}]
Idc_set_location - site {W10} [get_ports {ddr_dq_io[16]}]

Idc_set_location - site {W11} [get_ports {ddr_dq_io[17]}]
Idc_set_location - site {AD9} [get_ports {ddr_dq_io[18]}]
Idc_set_location - site {AE9} [get_ports {ddr_dq_io[19]}]
Idc_set_location - site {AD10} [get_ports {ddr_dq_io[20]}]
Idc_set_location - site {AE10} [get_ports {ddr_dq_io[21]}]
Idc_set_location - site {AA10} [get_ports {ddr_dq_io[22]}]
Idc_set_location - site {Y10} [get_ports {ddr_dq_io[23]}]
Idc_set_location - site {AC11} [get_ports {ddr_dq_io[24]}]
Idc_set_location - site {AD12} [get_ports {ddr_dq_io[25]}]
Idc_set_location - site {AD11} [get_ports {ddr_dq_io[26]}]
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Idc_set_location - site {AE11} [get_ports {ddr_dq_io[27]}]
Idc_set_location - site {AB12} [get_ports {ddr_dq_io[28]}]
Idc_set_location - site {AA11} [get_ports {ddr_dq_io[29]}]
Idc_set_location - site {Y11} [get_ports {ddr_dq_io[30]}]

Idc_set_location - site {AA12} [get_ports {ddr_dq_io[31]}]

# DQS GROUP

Idc_set_location - site {AF4} [get_ports {ddr_dgs_io[0]}]
Idc_set_location - site {AF6} [get_ports {ddr_dgs_io[1]}]
Idc_set_location - site {AF10} [get_ports {ddr_dgs_io[2]}]
Idc_set_location - site {AF12} [get_ports {ddr_dgs_io[3]}]
# DMI GROUP

Idc_set_location - site {AE3} [get_ports {ddr_dmi_io[0]}]
Idc_set_location - site {AD5} [get_ports {ddr_dmi_io[1]}]
Idc_set_location - site {AB9} [get_ports {ddr_dmi_.io[2]}]
Idc_set_location - site {AC12} [get_ports {ddr_dmi_io[3]}]
# CK, CKE, CS, CA

Idc_set_location - site {AA13} [get_ports {ddr_ck o[0]}]
Idc_set_location - site {AD20} [get_ports {ddr_cke_ o[0]}]
Idc_set_location - site {AC19} [get_ports {ddr_cs_0[0]}]
Idc_set_location - site {W13} [get_ports ddr_reset_n_0]
Idc_set_location - site {AE22} [get_ports {ddr_ca_o[0]}]
Idc_set_location - site {AE23} [get_ports {ddr_ca_o[1]}]
Idc_set_location - site {AD21} [get_ports {ddr_ca_o[2]}]
Idc_set_location - site {AE21} [get_ports {ddr_ca_o[3]}]
Idc_set_location - site {AF22} [get_ports {ddr_ca_o[4]}]
Idc_set_location - site {AF23} [get_ports {ddr_ca_o[5]}]

# Below are the IP constraints

# The ECLKDIV primitive already has constraint but the inferred name is not good.

# The constraint below only aims to assign a name to the generated clock.

create_generated_clock -name {eclk_w} -source [get _pins
*/Iscc_lpddr4d_mc_inst/u_lp4mem/u_pll/gen_no_refclk_mon.u_PLL.PLL_inst/REFCK] - divide_by
3 - multiply_by 16 [get_pins
{*/lscc_lpddr4_mc_inst/u_lp4mem/u_pll/gen_no_refclk_mon.u_PLL.PLL_inst/CLKOS }]

set_clock_uncertainty - setup 0.2 [get_clocks eclk_w]
create_generated_clock -name {clkop_o} - source [get_pins
*/Iscc_lpddrd_mc_inst/u_lp4mem/u_pll/gen_no_refclk_mon.u_PLL.PLL inst/REFCK] - divide_by

1 [get_pins {*/Iscc_lpddr4_mc_inst/u_lp4mem/u_pll/gen_no_refclk_mon.u_PLL.PLL_inst/CLKOP
1

set_clock_uncertainty - setup 0.2 [get_clocks clkop_0]
create_generated_clock -name {sclk_o} -source [get pins
*/Iscc_Ipddr4_mc_inst/u_Ip4mem/ul_clock_sync/u0_ECLKDIV.ECLKDIV_inst/ECLKIN] - divide_by

4 [get_pins {*/Iscc_lpddr4_mc_inst/u_Ipdmem/ul_clock sync/u0_ECLKDIV.ECLKDIV_inst/DIVOUT
1

set_clock_uncertainty - setup 0.2 [get_clocks sclk_o]
HHHH#SgmI
create_generated_clock -name {clk_625m_pllo} - source [get_pins

sgmiiO_inst/lscc_sgmii_gbe pcs_inst/u_serdes/gen_int_pll.genblk1l.u_pll_125 625s/Iscc_pli
_inst/u_PLL.PLL_inst/REFCK] - multiply_by 5 [get_pins

sgmiiO_inst/lscc_sgmii_gbe pcs_inst/u_serdes/gen_int _pll.genblkl.u_pll_125 625s/Iscc_pll
_inst/u_PLL.PLL_inst/CLKOS]
create_generated_clock -name {clk_125m _pll_o} - source [get_pins

sgmiiO_inst/lscc_sgmii_gbe pcs_inst/u_serdes/gen_int_pll.genblk1l.u_pll_125 625s/Iscc_pli
_inst/u_PLL.PLL_inst/REFCK] - divide_by 1 [get_pins
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sgmiiO_inst/lscc_sgmii_gbe pcs_inst/u_serdes/gen_int_pll.genblk1.u_pll_125 625s/Iscc_pll
_inst/u_PLL.PLL_inst/CLKOP]

create_generated_clock -name {usr_clk_o} - source [get_pins

sgmiiO_inst/lscc_sgmii_gbe pcs_inst/u_serdes/genblk4.u_gddr/u0_ECLKDIV.ECLKDIV_inst/ECLK

IN] -divide_by 5 [get_pins

sgmiiO_inst/lscc_sgmii_gbe pcs_inst/u_serdes/genblk4.u_gddr/u0_ECLKDIV.ECLKDIV_ins t/DIVO
UT]

# Constraints for Clock synchronization logic

# Group the double FF so that they will be placed in the same slice

set_false path - from [get_clocks clk_125MHz] - to [get_clocks pll0_inst_clkop_o_net]
set_false path  -from [get_clocks pllO0_inst_clkop_o_net] - to [get_clocks clk_125MHZz]
set _false path  -from [get_clocks usr_clk o] - to [get_clocks pll0_inst_clkop_o_net]
set_false path  -from [get_clocks pllO0_inst_clkop_o_net] - to [get_clocks usr_clk_0]
set _false path  -from [get_clocks sclk_o] - to [get_clocks usr_clk_o]

set_false path  -from [get_clocks sclk_o] - to [get_clocks clk_125MHz]

set_false path  -from [get_clocks clk_125MHz] - to [get_clocks sclk_0]

set_false _path  -from [get_clocks usr_clk_o] - to [get_clocks sclk_0]

set_false path - from [get_clocks usr_clk_o] - to [get_clocks clk_125m_pll_o]

set_false path - from [get_clocks clk_125m_pll_o] - to [get_clocks usr_clk_o]

set false _path  -from [get_clocks cdro_srclk] - to [get_clocks usr_clk_0]

set _false _path  -from [get_clocks usr_clk o] - to [get_clocks cdro_srclk]

set _false _path  -from [get_clocks usr_clk o] - to [get_clocks clk_125MHZz]

set _false path  -from [get_clocks clk_125MHz] - to [get_clocks usr_clk_0]

set false path  -from [get clocks clk_125m_pll_o] -to [get_clocks sclk_0]
set_false_path - from [get_clocks sclk_0] - to [get_clocks clk_125m_pll_o]

set false path - from [get_clocks pllO_inst _clkop_o_net] - to [get_clocks clk_125m_pll_o]
set false path  -from [get_clocks clk_125m_pll_o] -to [get_clocks pll0_inst_clkop_o0_net]
set false path  -from [get _clocks clk_125m_pll_o] -to [get_clocks cdro_srclk]
set_false_path - from [get_clocks cdro_srclk] - to [get_clocks clk_125m_pll_o]

set _false _path - from [get_clocks cdro_srclk] - to [get_clocks sclk_0]

set false path - from [get_clocks sclk_0] - to [get_clocks cdro_srclk]

set false path  -from [get_clocks pllO_inst_clkop_o_net] - to [get_clocks cdro_srclk]
set_false_path - from [get_clocks cdro_srclk] - to [get_clocks pll0_inst_clkop_o_net]

set false _path  -from [get clocks clk_625m_pllo] - to [get_clocks usr_clk_o]

set false _path - from [get_clocks usr_clk 0] - to [get_clocks clk_625m_plio]

set_false _path  -from [get_clocks clk_125m_pll_o] - to [get_clocks clk_625m_pllo]

set _false path  -from [get_clocks clk_625m_pllo] - to [get_clocks clk_125m_pll_o]
set_false path  -from [get_clocks pllO_inst_clkop_o_net] - to [get_clocks sclk_0]

set _false path  -from [get_clocks sclk_o] - to [get_clocks pll0_inst_clkop_o_net]
set_false path  -from [get_clocks pllO_inst_clkop_o_net] - to [get_clocks

fpga config0_sys clK]

set_false _path  -from [get clocks fpga config0_sys clK] - to [get_clocks
pll0_inst_clkop_o_net]

set false _path - from [get_clocks pllO_inst_clkop_o_net] - to [get_clocks
fpga_config0_inst_Ifclock out net]

set _false _path - from [get clocks fpga config0_inst_Ifclock out_net] - to [get_clocks
pll0_inst_clkop_o_net]

set_false _path  -from [get_clocks pllO_inst_clkop_o_net] - to [get_clocks eclk_w]

set false _path  -from [get clocks eclk w] - to [get_clocks pll0_inst_clkop_o_net]

#set false path  -from [get clocks clk_125MHZz] - to [get_clocks pll0_inst_clkos_o_net]
#set _false _path  -from [get clocks pllO_inst clkos_o_net] - to [get_clocks clk_125MHZz]
#set false path  -from [get clocks usr_clk 0] - to [get_clocks pll0_inst_clkos_o_net]
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#set_false_path - from [get_clocks pllO_inst clkos_o_net] - to [get_clocks usr_clk_0]
#set_false_path - from [get_clocks pllO_inst _clkos_o_net] - to [get_clocks clk_125m_pll_o]
#set false _path  -from [get_clocks clk_125m_pll_0] - to [get_clocks pll0_inst_clkos_o_net]
#set_false_path - from [get_clocks pllO_inst clkos_o_net] - to [get_clocks cdro_srclk]
#set_false path - from [get_clocks cdro_srclk] - to [get_clocks pll0_inst_clkos_o_net]

#set false path - from [get_clocks pll0_inst_clkos_o_net] - to [get_clocks sclk_0]
#set_false path - from [get_clocks sclk_o] - to [get_clocks pll0_inst_clkos_o_net]

Idc_set_sysconfig {JTAG_PORT=ENABLE PROGRAMN_PORT=ENABLE CONFIG_IOSLEW=FAST
MASTER_SPI_PORT=DISABLE DONE_PORT=DISABLE INITN_PORT=DISABLE MCCLK_FREQ=28.1
BOOTMODE=DUAL CONFIGIO_VOLTAGE_BANK1=NOT_SPECIFIED CONFIGIO_VOLTAGE_BANKO=NOT_SPECIFIE
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6. Resource Utilization

Figure6.1 shows the GSRD resource utilizatéord Table6.1 shows the total LUT4, PFU registé@ buffer, and EBR
resource utilization foa CertusPreNXdevice

tgﬁ BT vted RAM 'ﬁ%‘le Logic PFU Registers 10 Registers 10 Buffers DSP MULT EBR
soc_primary_gsrd 35512(3) 6954(0) 5992(0) 34196(4) 10(0) 81(18) 6(0) 162(0)
» apb_interconnect0_inst 88(0) 0(0) 0(0) 7(0) 0(0) 0(0) 0(0) 0(0)
b axi2apb0_inst 243(0) 0(0) 42(0) 197(0) 0(0) 0(0) 0(0) 0(0)
b axi4_interconnect0_inst 5980(0) 3738(0) 420(0) 6201(0) 0(0) 0(0) 0(0) 0(0)
» axi4_interconnect2_inst 1842(0) 1056(0) 102(0) 2743(0) 0(0) 0(0) 0(0) 0(0)
b axid_regslice0_inst 152(1) 0(0) 0(0) 284(0) 0(0) 0(0) 0(0) 0(0)
b cpu_inst 5055(1) 72(0) 1304(0) 3412(0) 0(0) 0(0) 6(0) 18(0)
» fpga_config0_inst 57(0) 0(0) 0(0) 55(0) 0(0) 0(0) 0(0) 0{0)
» i2c0_inst 456(0) 24(0) 126(0) 515(0) 0(0) 2(0) 0(0) 0(0)
» lpddrd_mc_contr0_inst 10495(0) 1488(0) 1452(0) 9077(0) 1(0) 49(0) 0(0) 33(0)
» mpmc0_inst 2791(1) 576(0) 452(0) 4198(0) 0(0) 0(0) 0(0) 34(0)
» plio_inst 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
» qspi0_inst 3262(0) 0(0) 408(0) 2360(0) 0(0) 4(0) 0(0) 0(0)
» rst_sync_inst 45(1) 0(0) 34(0) 36(0) 0(0) 0(0) 0(0) 0(0)
» s0_apb_gpio_inst 113(0) 0(0) 0(0) 89(0) 8(0) 8(0) 0(0) 0(0)
» s1_apb_uart inst 208(0) 0(0) 46(0) 146(0) 1(0) 0(0) 0(0) 0(0)
» sgdma0_inst 1522(0) 0(0) 600(0) 2014(0) 0(0) 0(0) 0(0) 8(0)
» sgmiid_inst 111(0) 0(0) 272(0) 876(0) 0(0) 0(0) 0(0) 1(0)
» sysmem0_inst 524(0) 0(0) 114(0) 334(0) 0(0) 0(0) 0(0) 64(0)
» tse_mac0_inst 1565(0) 0(0) 620(0) 1650(0) 0(0) 0(0) 0(0) 4(0)

Figure6.1. CertusPreNXGSRD Resource Utilization
Table6.1. GSRD Total Resource Utilization

Resource Usage Percentage Utilization
LUT4 (Logic + Distributed RAM + Ripple Logic) 48458 60.66%
PFU Register 34198 42.81%
I/ O Buffers 81 T
EBR 162 7%
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7. Demo User Guide

7.1. Boot-Up Sequence
This section describes the RIS&X CPU boot up sequence that configures IP drivers, operating modes, bootloader and
FreeRTOS application software execution.

Here is the description of the terms used throughout the document:

1 Boot Upg Process oftartingthe RIS&/ RX CPU, loading the FreeRTOS application software from external SPI Flash
into the LPDDR4 memory aedecutingthe application.

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

1 FreeRTOEApplication softwarehat is loaded into LPDDR4 Memory and executed by-RIGRU at the end of
boot up process.

1 SPI Flash Nonvolatile external memory that stores the FreeRTOS applicatftwareand multiboot MCS
bitstream.

The following is the boot up sequence showtrigure7.1:

1 The system provides similar functionality both in Bare Metal and FreeRTOS mode. For the demo, the Golden and
Primary application software binaries and their FPGA bitstream imagestcaeslin 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
inside the external SPI Flash. Upon powerboot up, the bootloader configures the peripherals and GSRD
building blocks such as UART, GPIQ,3GDMA, 1G TSE MAC, SGMII PCS, LPDDR4 and QSPI Controller.

1 The bootloader loads the bitstream from the SPI Flash to program the SRAM of the FPGA and fetches the
respective application software (Primatiyoughthe QSPI flash controller.

1 As the application software needs to be executed from the external memory, the\Rig8@ule loads it into
LPDDR4 Memory controller.

1 This application software is stored at the beginning of the LPDDR4 Memory. After the application software is
loaded, the RISZ CPU calculates the CRG@he application code in LPDDR4

1 Thecalculated.PDDR4 CRC is compared with the originaltB&ads a part of SPI Flash.
T LT G(KS O2yRAGARY/ VY| (0S8 GRSCWNBEESwech{ SESOdziizy TN2
T LT GKS O2yRAGAZ2¥v YAdYIAEGKSEHAS G KT DAL{wWI9CwI{Il O2YYIlI YR

FYR FLILX AOF(GA2Y a2FGgl NBE FNRY {tL CflakKo

1 Upon the execution of the correct Primary or Golden application software from LPDDR4, the building blocks
mentioned earlier are up and running with their associated drivers. For example, if any Ethernet data is expected
to arrive, the RIS® CPlsetsup the SGDMA IP accordingly with address, data length and other configuration
modes to successfully route the incoming Ethernet packets.

1 When the Ethernet frame is received by the TSE MAC IP, it forwards it to SGDMA to transfer the data to its

destination based on parameters set. The endpoint in this case is the main memory LPDDRA4.

Youcan also choose to store the data into another system memory based on SGDMA configuration.

For outgoing data, dats fetched from a location inside LPDDR4, and SGDMA traniséedata to TSE MAC for

transmission outside the FPGA.

1 When no data activity occurs over Ethernet, the RVSTPU continues running its tasks in the usual manner based
on the loaded software execution.

=a =4
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#of alternate

image is greater
thanl

Next Image Boot Flo
similar to Golden

Image Jump

<

Golden Bitstream
loaded from SPI Flag

to FPGA SRAM by
Config Engine

Golden

=71

>I
Boot Fail

Config Enginé
checks for Golden

UART and GPIO
Initialization

LPDDR QSPI
Initializaiton

Read Golden Firmwa]
from external SPI
Flash and load into
LPDDR

checks for firmware

Jump to FreeRTOY
Application

SGDMATSE MA@Q2C
SFP PHY Initializatiq
and Link Up Status

FreeRTOS Task
Scheduler

NO

Golden GSRD
Boot Flow

Figure7.1 GSRD Boetlp Sequence
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7.2. Prerequisites
The following sectionshowthe hardware andsoftware requirements to execute the GSRD demonstration.

7.2.1. Software Requirements
1 Lattice Propel 2024.1 Packageontains both Lattice Propel SDK and Lattice Propel Builder
T 526yt 2[R KEBNBY t NRBLISt HAaHndm
1 Lattice Radiant 20241 Package contains IP Packager, Radiant Software, Questa8ichProgrammer
T 526yt 2[R KBNBY wl RAFY(d HAaHn dOmdm
1 Lattice Propel 2024.1 Patch for CertusiRbé Golden System Reference Design
1 526yt 2IR2KSBINBIYRIFIofS {2FdsFNB GFo Ay GKS DI w5kD{ w5

7.2.2. CertusPreNXRequirements

7.2.2.1. HardwareRequirements

The section describes the hardware needed to run the GSRD demonstration.

Lattice CertusPrdIX Versa Evaluation Board

USB Typé UART cable for programming the bitstream, firmware and proper terminal prints
Electrical 1G SFP(s) Model FSGBBET for Ethernet connection on the CertusMiX board
Ethernet cable to connect CertusPXX board to the Host PC

12V power adapter for board power

=A =4 =4 -8 A

7.2.2.2. Hardware Setup
This section provides the procedure for setting up the CertudPto/ersa Evaluation boaadshown inFigure7.2.

81 suffs
|LLLURRLLLLLARRRL A

Figure7.2. CertusPreNX Versa EvaluatioBoard
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P R R UART Connection between Host

| E‘ PC and CertusPro-NX Board

! 1

i [Host PC Running | ! : 12V
| | Propel Teminal < Ethernet 1G : oo IR > il
] " 2

: ! 1G SFP

s 1 Converter

CertusPro-NX Versa Board

Figure7.3. Connections and Buttons needed for Demonstration

To setup the Lattice CertusPiX Versa Evaluation board for GSRD demonstration:

2yy SOl 82 SWI | RIFLIG S NI

2y ySOln{KStax¥bmwt S FNRY t/ G2 Wono

2yySOG 2dzYLISNE 2y tAY ™M FYR tAYy H 2y 020K Wt oH

~ O~~~ ~

2yySOi GKS 9GKSNYySi wwnp OlFlofS FTNRY (KS Kz2ad t/
¢CdzNy 2y asAdOK t2w agAidoOKo®

S e o

7.2.2.3. Executables

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

1 Download the design package frdhe Lattice Semiconductor website.

FyR

2YyySOlGkLYaSNI (GKS 90GKSNYySid {Ct 2yi2 Wmp O02yySOi2N»p

Ol o1

f D2 5023 A Iy OAKSS Kk D{ w5 5 SY RRHYNI20 AR21Hi-K SD 2 {SANSIVEzA{t NBG SY wS

5SaAr3dy yR.389ANBhPn TAL SO
1 Unzip the .zip file to your local directory, for example<t@iuser_workspace>.
1 The extracted directorpasthe following executablebsted inTable7.1.
Below are the bitstreams and the software image binaries for programming the FPGA.

Table7.1. ExecutableFles for Winbond Flash

File Description File Name Starting Address in SPI Flash
Primary Software with CRC C_primary_appcrc.bin 0x028A 0000
Primary Software without CRC c_primary_app.bin 0x028A 0000
Primary FPGA Bitstream soc_primary_system.bit 0x0000 0000
Golden Software with CRC c_golden_appcrc.bin 0x0280 0000
Golden Software without CRC c_golden_app.bin 0x0280 0000
Golden FPGA Bitstream soc_golden_system.bit 0x0000 0000
Multi-Boot MCS File (Golden + Primary Bitstream) multiboot_system.mcs 0x0000 0000

Table7.2. Flash Devices Supported on CertusiN® Boards

Board Flash Device
CertusPreNX Versa Board Winbond W25Q512JV
CertusPreNX Versa Board Macronix MX25L51245G
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7.3. Implementing the GHRD/GSRD Demo

This section describes the procedure for running the GSRD/GHRD demo usinghihétgneecutables and binary files
in the design package.

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

To setup the UART terminal:

1. /1 2yySO0 6 R8Tk & KB@®E dz2 A2y 021 NR (2 WKS 'tw [ OHLAI23P dza
2. hLISYy t NRLISt {5Y Haunodm (G22f @

3. 52dza@fSA O1 2y GKS GSNONASYENKS o0dzi G2y &AK2gYy AY

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help

s v Qv Qv ™ 4w (=]
<o = e Outline X =a
s in your workspace. There is no active editor that provides an

outline.

%] Problems & Tasks & Console [ Properties |4 Terminal #=0

Figure7.4. UART Terminal Icon on Propel Sdkhdow

4, | K223aS C¢SNXYAYlIEY FXPHEFEROBSNYAFNE LI LI2NI RNRBLIR2gy A&l
I & &KE# Aty
Note: This detail can also be found under the Pg&©MandLPT) section in your local PC, under Device Manager.
TheCOM port number can be different. If a USB port dugtsvork, try a different USB port.

&
e

Choose terminal: | Serial Terminal v
Settings
Serial port: | COM10

Baud rate: | 115200
Data size: |8
Parity: None e

Stop bits: |1

Encoding: Default (IS0-8859-1)

Figure7.5. UART Launch Terming/indow
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M Device Manager

File Action View Help
e @ E  HE

0 Bluetooth
@ cameras
@ Computer
w= Disk drives
[ Display adapters
¥ Firmware
5 FortiDeviceGuard
[# Human Interface Devices
=2 Keyboards
@ Mice and other pointing devices
[ Monitors
5 Network adapters
L7 Other devices
« i Ports (COM &LPT)
W Standard Serial over Bluetooth link (COM10)

& Standard Serial over Bluetooth link (COMS)
= Print queues.
[ Processors
B7 Security devices
F Software components
B software devices
| Sound, video and game controllers
S Storage controllers
Em System devices
§ Universal Serial Bus controllers
B linivarcal Sarial Rue devicac

Figure7.6. Device ManageWindow on PC

5. { Sl . | ezZdRp MR ASY
6. / t k@

7.3.2. Setting up the NorVolatile Memory Register

Forthe GSRD design on LattiCertusPreNX Versa Evaluation Boargisuneed to ensure the settings of the One
TimeProgrammable NoiVolatile Configuration Memory/ou may kip this section if yolave already done this step
before. Otherwise, perform a orgme step by JTAG to modify the default MSPI addressing mode freit £1432-bit.
This is necessary for the mdittbot feature to function properly.

7.3.3. Programming the Standalone Golden or Primary GSRD Bitstream and Application Software
1. /2y ySOGENGidAt NISNBRI 9QLedzZ GA2YE | RILRR) dzaAy3d | {. OFofS$S

AAAAAA

YSYy GARWISNRR ¢ | NBS Q@A) S odeNySRo G2 Wy S INPIBS NI & @
2. t29BWI GKS 021 NR®
3. [Fdzy OK [ I G
GKS tNr2SOl [20FGA2y 2y @2dzNJ f 20!l f OK)\y Ly GKAaA
F2f RSN®
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B Lsttice Radiant Software 2024.1

Install8Uninstall Cable Drivers
IP Packager

Power Calculator

Questa Lattice Edition
Radiant Programmer

Radiant Software

Radiant Software Help
Release Notes

Synplify Pro for Lattice

R 1cL console

Figure7.7. Launch Radiant Programmer from Windows Start

3 Radiant Programmer - Getting Started ? X

New Project:

Project Name: | GR0 |

e <] [

@ Create a new project from a scan
Cable: | HW-USEN-28 (FTDI) | Port: | FTUSE-D ~ Detect Cable
TCK Divider Setfing (0-30<): El

() Creste = new biank project

Open Project:

() Open an existing programmer project

C:fUsers/SKothari/Downloads|

GSRD_CPNX_2pd)FinalLatfice-CPNX-G:

=

Figure7.8. Radiant Programmer StaiVindow

4. 1t k&

3 Radiant Programmer - GSRD xcf * - m] *

File Edit View Run Tools Help

HEEH R BEE @2y B

Enable Status  Device Vendor Device Family Device Operation Cable Setup a8 x
1 Generic JTAG Device  JTAG-NOP Bypass Cable Setfings
Datect Cable
Cable: HW-USBH-28 (FTDI) ~
Port: FTUSE-0 ~
‘Custom port:
Programming Speed Setting .
< >« >
[l L

Figure7.9. Radiant Programmer .xaindow

5. LT GKS 5S@A0S ClYAfte GREGHEIORDDHSKSHNIA@NBarLID &S O 1OF 35 S ¢
CFYAt@ AYF2NNIGAZ2Y ldzi2YFGAOIffeod
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£} Radiant Programmer - impl_1.xcf *
File Edit View PRun Tools Help

PEH R BEE B S
‘ Enable Statu| Scan Device hdur Device Family

Figure7.10. Scan Device Icon on Radiant Programmer

u Radiant Programmer - impl_T.cf *
File Edit View Run Tools Help
MEd S BB BB

Enable Status Device Vendor Device Family Device Operation

1 Lattice LFCPMX LFCPMX-100 Fast Configuration

Figure7.11. Select Device foProgramming
6. / A0l 2y (KS KAIBEDOHERG S R AEAKS dxyTK/iiR SSNBTHRKEE A K2 gy AY

u Radiant Programmer - impl_1.xcf *
File Edit View Run Tools Help
OEd S RER @ R

Enable Status Device Vendor Device Family Device Operation

1 Lattice LFCPMNX LFCPMX-100 Fast Configuration

Figure7.12. Device Selected foProgrammer

7. 52 dzDff 8 O h Y NILkK 2 y2rld N® B KIBYSR A0St SINER LISNI A S &

£J LFCPNX - LFCPNX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memory: Static Random Access Memory (SRAM) v
i Static Random Access Memory (SRAM)

Port Interface: Non Volatile Configuration Memol

Access Mode: External SPI Flash Memory (SPI FLASH)

Operation: Fast Configuration v

Programming Options

Programming file: | l

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

Figure7.13. Select the Target Memory fdProgramming

8. .SF¥F2NB LINPIAINIYYAYy3A: &2dz ySSR (G2 SN}I&S GKS SyidiiNB
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ﬂ LFCPNX - LFCPNX-100 - Device Properties ? >

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH) -~
Port Interface: TTAG2SFT v
Access Mode: Direct Programming v |
Operation: Erase All v |
SPI Flash Options
Family: SPI Serial Flash ~
Vendor: Macronix ~
Device: | MX25L512456G v
Package: 8-land WSON i

SPI Programming

Data file size (Bytes): 2230262 Load from File
Start address (Hex): 000000000
End address (Hex): Ox03FF0G00

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

[ ] secure SPI flash golden pattern sectors

Figure7.14. DeviceProperties to Erase the Macronix SPI Flash
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3 LFCPNX - LFCPNX-100 - Device Properties ? ht

General Device Information

Device Operation

Target Memory: External SPI Flash Memory (SPI FLASH) et
Port Interface: ITAGISPI b
Access Mode: Direct Programming L
Operstion: Erass All et

SPI Flash Options

Famiby: SP1 Serizl Flash b
Vendor: WinBond Lv
Davice: WZBO512V b
Package: 1&-pin SOIC e

SPI Programming

Data file size (Bytes): | 252144 Load from File
Start address (Hesx): TecDDO0D0DD
End address {Hex): (e03FFO0DD

I:l Turn off addresses auto updating
I:l Erase SPI part on programming error

Secure SPI flash golden pattern sectors

e

Figure7.15. DevicePropertiesto Erasethe Winbond SPI Flash

MYy R Ot A01 2y GKS t NP INIwdzas SEHAOSE DI WA RINBNBES ¥ Sy S
K aSY2NE® 2 A0 F2NJ GKS LINROSaa G2 O2YLX SGSo

-
D¢ L

O\
—, —h

u Radiant Programmer - impl_1_12cf *
File Edit View FRun Tools Help
TEE G BEE B S

Enable Status Device Vendor | Program Device i

Figure7.16. ProgramButton to Program the SPI Flash
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Output

INFD =850212%4= - Devicel LFCPMX-100: W2SQE12TV: Erase All
Initizlizing...

IDCode Checking...

Enter 4-Byte mode...

Enabling...

Erasing All...

Disabling...

INFO <85021359= - Execution time: 03 min : 25 sec

INFO <85021371> - Elapsed time: 03 min : 30 sec

Output Tcl Conscle

Figure7.17. Output After Erase All

10.t 2 6 SNJ OeONISdzaitKNEES NE | 9@®f dzZ GA2Yy . 21 NR
11.9N} &S K8 dCthDm O

3 LFCPNX - LFCPMNX-100 - Device Properties ? X

General Device Information

Device Operation

Target Memory: Static Random Access Memory (SRAM) L
Port Intarface: ITAG Mt
Access Mode: Direct Programming L
Operation: Erase Only L

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

s

Figure7.18. Erase Only Operation fdBRAMProgramming

12.{ 1AL atSLda wmn G2 my AF &2dz KI @S LISNHFRNESRG S KSNA iji ZABE |
G2 tNRBINIY bz wSIAAGSNI M (2 Y2RATE (KSoRGHG O o tAdz! |
YySSR (G2 GKAA 2yfeé 2yO0S T2 NRRISENYEBNRRNI ¥ db & Sy 88 ¥ a (i SINI
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a LAV-AT_ENG - LAV-AT-E70EST - Device Properties ? X

Genersal Device Information

Device Operation

Target Memory: Non Volstile Configuration Memony ~
Port Interface: ITAG b
Access Mode: Fezture Rows Programming b
Operation: Program Control NV Registerl b

=

Figure7.19. One Time Programmabl€ontrol NV Registerl

13./ f h@YR Ot MNBENIRKREGBSWADNE 32 (@dzfi KB tYSBBINIAYI SY¥SPAOS
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2 EE
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= - EE|le B @ 22 2o e =222
02T T UYKsE A Slwle Slwvleo 23332 5355
DUU 535285 52 IelaClels 2 oo o 888888
AR I A I - - S B B A
g 5 5 22 5uUE IO 2HLSEAeE B8 8 B EEE o & 5
SS 8z 800prEvgnEFESERaarn=23a3 3
Defaut 0 0 0 OO O OO OO0 0|0 OO0 OO0 OO |0 00 0 0 O 0|0]|0
ChipValue © 0 0 0 0O 0 0O 0 0 0O 0O O O O1 |0 OO0 0 O O O0O0CO0COD0OO0OD0 D
< >

Figure7.20. Settings tolect Chip Value
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£J LFCPMNX - LFCPMNX-100 - Device Properties 7 >
General Device Information
Device Operstion
Target Memory: | External SPI Flash Memory (SPI FLASH) b |
Port Interface: |JTAGEP‘I b |
Access Mode: | Direct Programming b |
Operation: | Erase, Program, Verify b |
Programming Cptions
Programming file: ).'nHenGSRch_gDHEﬂ_apprebugfc_gDHen_appcrc. bin |Z| b 768
SPI Flash Options
Famiy: SP1 Serial Flash v|
Vendor: | WinBond b |
Device: | W2R0512TV e |
Package: | 16-pin SOIC R |
SP1 Programming
Data file size (Bytes): |262144 | | LoadfromFie |
Start address [Hax): |I]:dl?'_8ﬂl.‘l.‘l] . |
End address {Hesx): |lhd123m 63 |
I:‘ Turn off addresses auto updating
D Erase SPI part on programming error
Secure SPI flash golden pattern sectors
I 0K | | Cancel |

Figure7.21. Device Properties to Program thé&/inbond SPI Flash
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£3 LFCPMX - LFCPMNX-100 - Device Properties ? x

General Device Information

Device Operation

Target Mamory: | External SPI Flash Memory (SPT FLASH) b |
Port Interface: |JTHGEPI b |
Access Mode: | Direct Pregramming hvd |
Chperation: | Erase,Program, Verify b |

Programming Cptions

Programming file: l.“nIdenGSRch_golden_apprebugfc_golden_appcrc.b'ln ||E 5758

SPI Flash Options

Famiby: |5PI Serial Flash ' |
Vendor: | Macronie R |
Device: | MX25L51245G R |
Package: |3—h1d WSON e |

SPI Programming

Datz file size (Bytes): |262144 | | LosdfromFle |
Start address [Hex): |lhd]2:3ﬂlm w |
End address (Hesx): |n;mmm b |

D Turn off addresses sutc updsting
D Erase SPI part on programming error

D Serure SPI flash golden pattarn sectors

[ ox ||Gnnel|

Figure7.22. Device Properties to Program the Macronix SPI Flash
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Cable Setup g !
Cable Settings
Detect Cable
Cable: HW-UISEN-28 (FTDI} £
Port: FTUSE-O Mt
‘Custom port:

Programming Speed Settings
() Use default Clock Divider

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

IjO Settings
@ Use default IO settings

D Use custom IO settings

Figure7.23. Cable Settings foDevice Programming
O NHIXN YL OBWADNE 32 (Rdzyi K tYSE BNMRKSYITAA @z O2yaz2t S
- GA2y {dz00S&aafdAg YSaal3So

Output
INFQ - Device 1l LFCPNX-100: W25Q5121V: Erase,Program, Verify

Initializing. ..

IDCode Checking...

Enter 4-Byte mode...

Enabling...

Erasing...

Disabling. ..

Enabiling...

Programming...

Disabling...

Verifying...

INFO - Execution time: 00 min : 04 sec
INFQ - Elapsed time: 00 min : 10 sec

INFQ - Operation: successful,

Output Td Consale
Figure7.24. RadiantProgrammerConsole Output after Programming the SPI Flash
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£ LFCPNX - LFCPNX-100 - Device Properties ? -

General Device Information

Device Operation

Target Memory: Static Random Access Memory [SRAM) L
Port Interface: ITAG hed
Access Mode: Direct Programming ~
Operation: Fast Configuration L

Programming Oplions

Programming file: |../../boc_golden_system.bit | (O

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

o[ o

Figure7.25. Device Properties to Program the FPGA BitstreanSiRAM

[abN
R
N

23./ t AGIYR / (tANBIINGIRE GBPADNE 32 (&2 widlyS BY S YN NG BY 5dyAAAES
2ZLISNI UA2y Aad adzO0Saa¥dZ Fa aKz2gy Ay CAITdzZNBO

INFO 85021074 - Check configuration setup: Start.

INFO 85021076 - JTAG Chain Verfication. No Errors.

INFO 85021078 - Check configuration setup: Successful.

INFO 85021278 - Devicel LFCPNX-100: Fast Configuration

INFO 85021238 - Operation Done. No errors.

INFO 85021371 - Elapsed time: 00 min : 13 sac

INFO =E5021373> - Operation: successful,

Figure7.26. Radiant Programme€onsole Output after Bitstream is Programmed
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Figure7.27. SW3 Reset Button
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a. Golden GSRD Bootloader

LPDDR4 Configuration and Memory Training Status

Ethernet PHY2CConfiguration and Status

LPDDR4 and QSPI CRC matches

Application jumps to Golden FreeRTOS RISC

Waits for Ethernet Link Up.

SGDMA Packet Received

FreeRTOS Task Scheduler Running

Hardware LED Status:

D63: Auto-Link Negotiation
D64: LPDDR4 Init Done
D67: LPDDR4 PLL Lock
D65: Running Animation
D66: Running Animation
D104: Running Animation
D105: Running Animation

S@ "o aoCT

=a =4 —a - _a_a
ADC VRE

D120 4y
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Figure7.28. LD Status
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Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = beeif

INFO: LPDDR4 initialized successfully
Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: 8x8e00f00@

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: 8x8801e00@

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @x8002d4000

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @x80@3c80@

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @x8ee4beoe

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: 0x80052008

QSPI Fast Read -- Cycle: 6

INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @x800629008
Reading and verifying firmware CRC value ...
Embedded LPDDR CRC value: ddBa

Calculated Firmware CRC value: dd8a

CRC matches successfully !!

Jumping to FreeRTOS application ...

Figure7.29. Golden GSRPOutput on UART Terminal for Bootloadand FreeRTOS Start
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Agaie GSRD Golden FreeRTOS on RISC-V CPNX o
R o o R R R

PHY Initialization:

INFO: PHY Model: @x@141@cc2

INFO: Marvell Alaska B88E1111 PHY detected, proceed to configure to SGMII mode
INFO: Configure SFP to SGMII mode

INFO: After configuration: I2C Extended PHY Specific Status Register: ex8e
INFO: After configuration: I2C Extended PHY Specific Status Register: @x84
PHY Initialization Complete.

The granularity of pmp is 4.
AR R SRR R R A R AR AR AR R R R R R A AR AR R R SRR R

pmp entry@: mode=0x01, perm=0x@7, addr=0x2000355c(*4)=0x8000d578, locked=0
pmp entryl: mode=8x81, perm=0x20, addr-0x2000355d(*4)=-0x8000d574, locked=1
pmp entry2: mode=8x@1, perm=0x00, addr=0x20003560(*4)=0x8000d4580, locked=0
pmp entry3: mode=0x01, perm=0x@7, addr=@x3fffffff(*4)=0xfffffffc, locked=0
AAERRRE AR AR R R R AR R R R R AR R R AR R AR R R R R R e e
--------------- Waiting for link-up packet ----------

INFO: PHY Model: @x@141@cc2

INFO: I2C Copper Status Register 1: 79 bd

task rx tx id:2147520672 is running, @

task 2147516288 is running, @

task print rx data id:2147522864 is running, @

rx reg received data:

ffffffffFff fff8Bce721b 7972 8 B 45 @
14858 a4 © 080 11el 1 © 0 @ @ ff ff
ff ff 044 943 1344112 1 1 6 @55 20
ee Je @ @ @ @ @ @ @ @ @ O @0 @ @ @
@ @ @ @ @ Pf3ce721b7972 @ © @ @
e @ P @ @ @ @ @ @ @ @ @ @ © @ @
P @ P @ @ @ @ @ P @ @ @ @ © @ @
e @ P @ @ @ @ @ P @ @ @ @ © @ @
? @ @ @ @ @2 @ @ @ @ @ @ @ © @ @
@ @ @ B @ @ @ @ @ @ @ @ @ @ @ @
e @ P @ @ @ @ @ @ @ @ @ @ © @ 0@
e @ P @ @ @ @ @ @ @ @ @ @ © @ @

Figure7.30. Golden GSRPOutput on UART Terminal for FreeRTOS Running
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Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4A training status = bo@@lf

INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 6
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

Fast Read Command ...
start addr: ex8eeefee

Fast Read Command ...
start addr: 8x8001e000

Fast Read Command ...
start addr: @x8e82deee

Fast Read Command ...
start addr: @x8083ceee

Fast Read Command ...
start addr: @x8eeibeee

Fast Read Command ...
start addr: @x8085a000

Fast Read Command ...
start addr: @x80069000

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC wvalue: 33le
Calculated Firmware CRC value: 331e

CRC matches successfully !!

Jumping to FreeRTOS application ...

Figure7.31. PrimaryGSRBootloader; Output on UART Terminal

wEk
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PHY Initialization:

INFO: PHY Model: 0x01410cc2

INFO: Marvell Alaska 88E1111 PHY detected, proceed to configure to SGMII mode
INFO: Configure SFP to SGMII mode

INFO: After configuration: I2C Extended PHY Specific Status Register: 0x8@
INFO: After configuration: I2C Extended PHY Specific Status Register: 0x84
PHY Initialization Complete.

The granularity of pmp is 4.

pmp entry®: mode=0x01, perm=0x07, addr=0x2000355c(*4)=-0x80004570, locked=0
pmp entryl: mode=0x01, perm=0x00, addr=0x2000355d(*4)=-0x8000d574, locked=1
pmp entry2: mode=0x01, perm=0x00, addr=0x20003560(*4)=-0x80004580, locked=0

pmp entry3: mode=0x01, perm=0x07, addr=0x3fffffff(*4)=0xfffffffc, locked=0

--------------- Waiting for link-up packet ----------
INFO: PHY Model: 0x01410cc2

INFO: I2C Copper Status Register 1: 79 &d

task rx tx i1d:2147520672 is running, ©

task 2147516288 is running, @

task print rx data i1d:2147522864 is running, ©

rx reg received data:

ff ff ff ff ff ff f8 ce 721b 7972 8 045 ©
1487b8 © 080 11be20 @ 0 0 0 ff ff
ff ff 044 043 1344f66 1 1 6 0O f6 ad
369 0 © 0 © 0 @ @ 9 0 © 0 0 O 0
@ 0 0 0 0 0f8ce721b7972 0 © 0 0
0O 0 0 0 6 © 6 0 @ 0 0 0 0 0 0 0
0O 0 0 0 6 0 0 9 0 0 0 0 0 0 0O O
O 0 0 0 6 @ 6 © @ 0 0 0 0 0 0 0
0O 0 0 0 6 @ 6 0 @ 0 0 0 0 0 0 0
0O 0 0 06 6 0 0 9 0 0 0 0 0 0 0 0
0O 0 0 0 6 © 6 0 @ 0 0 0 0 0 0 0
O 0 0 0 0 0 0 9 0 0 0 0 0 0 0O O

Figure7.32. Primary GSRBreeRTO&Output on UART Terminal

7.3.4. Programming the Golden, Primary Software and MCS file
This section describdke three scenarios of GSRD bagi.

Note: The intent of the below three scenarios is to showcase how manual and automaticomottiesults would look
like. Scenario 1 should be enough youto test out the multiboot. Scenario 2 and 3 are merely to showcase the
different multi-boot scenarios in GSRD.

7.3.4.1. Scenario 1: Manual Booting when both Primary and Golden FW are with CRC wittHlé@®Bogramming

1. C2ftt2¢ { (SOIKSNE TN Py AFWNR Y KS D2f RSy I &8 OIkAv2 We Feeetgitsd NSz
GKS 02 NR®

2. YSSL) GKS F2f RSNkTAfS 2F SESOdzil 6f S& KIyReéeo
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Device Information

Device Operation

Target Memory: Esxtternal SPI Flash Memory (SPI FLASH) b
Port Interface: JTAG25SPI b
Access Mode: Direct Programmin, g ~
Crperation: Erase,Program, Verify V
Programming Options
Programming file: | C:fCertusPro-NX-GSRD2.0/soc_primary_gsrd/multiboot_system.mes | |Dmc32C4
SPI Flash Opticns
Famihy: SPI Serial Flash W
Vendor: WinBond £
Device: W2SQ512V A
Package: 16-pin SOIC £
Data file size (Bytes): 67108575 Load from File
Start address [Hex): rcODOD000D £
End address (Hex): Dc03FFD00D £
|:| Turn off ddresses auto updating
|:| Erase SPI part on programming error
s
Figure7.33. Device PropertieVindow to Setup MCSProgrammingFle
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Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4A training status = bo@@lf

INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 6
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

Reading and verifying firmwar
Embedded LPDDR CRC value: 331

Calculated Firmware CRC value:

CRC matches successfully !!

Fast Read Command ...
start addr: ex8eeefee

Fast Read Command ...
start addr: 8x8001e000

Fast Read Command ...
start addr: @x8e82deee

Fast Read Command ...
start addr: @x8083ceee

Fast Read Command ...
start addr: @x8eeibeee

Fast Read Command ...
start addr: @x8085a000

Fast Read Command ...
start addr: @x80069000

e CRC wvalue ...
e
33le

Jumping to FreeRTOS application ...

wEk

Figure7.34. UART Terminal Output after Pow«€ycling Board with MCS and Binaries Programmed
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Figure7.35. Switches to Golden GSRD upon SW2 PROG RBUMNN

INFO: DDR PLL Locked

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
[Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
[Copying SPI content to LPDDR

OSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/O SPI
[Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/O SPI
{Copying SPI content to LPDDR
QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/O SPI
{Copying SPI content to LPDDR
QSPI Fast Read -- Cycle: 6

INFO: Executing Quad I/O SPI
{Copying SPI content to LPDDR

ICRC matches successfully !!

PHY Initialization:

INFO: PHY Model: ©x01410cc2

AR R R R R R Rk

o GSRD Golden Bootloader LFCPNX

0300 R R R R R R R R R R R R R R R R R kR

Memory Controller Initialization:

Memory Controller Initialization Complete.

Fast Read Command ...
start addr: 0x3000f000

Fast Read Command ...
start addr: 0x8001e000

Fast Read Command ...
start addr: 0x8002d000

Fast Read Command ...
start addr: 0x8003c000

Fast Read Command ...
start addr: 0x8004b000

Fast Read Command ...
start addr: 0x80052000

Fast Read Command ...
start addr: 0x80069000

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC value: dd8a
Calculated Firmware CRC value: dd8a

Jumping to FreeRTOS application ...

R R R X

i GSRD Golden FreeRTOS on RISC-V CPNX e

RN RN

X

INFO: LPDDR4 training complete; LPDDR4 training status = be@lf
INFO: LPDDR4 initialized successfully

7.3.4.2. Scenario 2: Manual Booting when Primary FW is with CRC, and Golden FW is without CRC

1.
2.
3.
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£ LFCPNX - LFCPNX-100 - Device Properties 7 *

Generzl Device Information

Device Operation
Target Memory: External SPI Flash Memory (SP1 FLASH) ~
Port Interface: ITAGZSPT b
Access Mode: Direct Programming ~
‘Operation: Erase, Program,Verify A

Programming Options

Programming file: | C:f/CertusPro-NX-GSRD2.0c_golden_app/Debug/c_golden_app.bin e | |OXEESE

SPI Flash Options

Famity: SPI Serial Flash R
Vendar: WinBond '
Davice: W25Q5121V v
Package: 16-pin SOIC w
SPI Prog ing

Dat= file size (Bytec): (262144 Lozd from File

Start addrass (Hex): Due0ZE00000 i

End address (Hex): 002830000 w

[ Tum off ddresses suto updating
[] Erzse SPI part on programming error

Secure SPI fizsh goiden pattern sactors

=

Figure7.36. Device Properties settings to program the Golden Application
5 / f hR@ YR tINRENI YLOESYADNEYyIH GNRPDINRPYAGSANOSE (GKSP 2 LISNI (A

Output

INFCO <B5021234% - Devicel LFCPNX-100: LFCPNX-100: Refresh Verify I
INFC <B5021258: - Operation Done. Mo errors.

INFO <B50212%45 - Devicel LFCPNX-100: W25Q5121V: Erase,Program,Verify
Initizlizing...

IDCede Checking...

Enter 4-Bytz mode..,

Enzbling...

Erasing...

Diszbling...

Enzbling...

Programming...

Diszbling...

Verifying...

INFO <B502135%: - Execution time: 0D min : 06 sec

INFC <B5021371% - Elzpsed time: 00 min @ 12 sec

INFC <B50213735 - Operation: successful,

Cutput Tdl Conscle

Figure7.37. Radiant Programme€onsole Output afteProgramming
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o GSRD Primary Bootloader LFCPNX e

EE e e R e e e P et

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = bo@lf

INFO: LPDDR4 initialized successfully

Memory Controller Initializat

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 6
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

Reading and verifying firmwar

ion Complete.

Fast Read Command ...
start addr: 0x8000f000

Fast Read Command ...
start addr: 0x8001e000

Fast Read Command ...
start addr: 0x8002d000

Fast Read Command ...
start addr: 0x8003c000

Fast Read Command ...
start addr: 0x8004b000

Fast Read Command ...
start addr: 0x8005a000

Fast Read Command ...
start addr: 0x80069000

e CRC value ...

Embedded LPDDR CRC value: 331le

Calculated Firmware CRC value:

CRC matches successfully !!

Jumping to FreeRTOS applicati

RO K R R R R R K

331e

on ...

EEEEEEEEEE RS

b GSRD Primary FreeRTOS on RISC-V CPNX and

S o R R o R R R R RO R R R

PHY Tnitialization:

SNNA Y I

Figure7.38. Primary GSRBUARTOutput after SW3 Resetwhere CRC Matched
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——————————————— Waiting for link-up packet

INFO: PHY Model: @x081418cc2

i e o o o oo e o o oo o e o o o o o o

i GSRD Golden Bootloader LFCPNX
HEEER RN RN AR R R

Memory Controller Initialization:

INFO: DDR PLL Locked

kR

INFO: LPDDR4 training complete; LPDDR4 training status = b@elf
INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 6
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

Fast Read Command ...
start addr: @xB08@fo00

Fast Read Command ...
start addr: @x8001e80@

Fast Read Command ...
start addr: @x8082d800

Fast Read Command ...
start addr: @x80@3ceee

Fast Read Command ...
start addr: @x8084b80e@

Fast Read Command ...
start addr: @x8005a000

Fast Read Command ...
start addr: @x80869800

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC value: dd8a
Calculated Firmware CRC value: ffff

ERROR: CRC Mis-matched!!!

Figure7.39. UARTOutput Switching to Golden GSRwhere CR®lis-MatchedIntentionally
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Scenario 3: Automatic Booting when Primary FW is without CRC and Golden FW has CRC
idKS
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5 / ft @ YR tINRENI YOI EORWBA2 2 NP DNPYAGSAVOEt G(GKS 2 LISNI

£3 LFCPNX - LFCPNX-100 - Device Properties ? X
General Device Information
Device Operation
Target Memary: External SPI Flash Memory (SPT FLASH) A
Port Interface: JTAGZSPI o
Access Mode: Direct Programming b
Operation: Erase,Program, Verify ~
Programming Opticns
Programming file: [NX-GSRD2.0/c_golden_app/Debug/c_golden_spperc.bin | ... | | 0es770
SPI Flash Options
Famihy: 'SPI Serial Flash L
Vendaor: WinBond ~
Deevice: W2EQ5E12V e
Package: 16-pin SOIC ~
SPI Programming
Diata file size [Bytes): 262144 Load from File
Start address (Hesx): DecZE00000
End address {Hex): Dxc0Z830000

D Turn off addiresses zuto updating

D Erase SPI part on programming error

Secure SPI flash golden pattern sectors

Cancel

Figure7.40. Device Properties for Programming Golden ABmarywith CRC

Output

Initizlizing...

1DCode Checking...
Enter 4-Byte mode...
Enzbling...

Erasing...

Disabling...
Enzbling...
Programming...
Disabling...

Verfying...

INFO «B5021234> - Devicel LFCPNX-100: LFCPNX-100: Refresh Verify ID
INFO «85021238> - Operation Done. No errars.

INFO «ES021234> - Devicel LFCPNX-100: W25Q512IV: Erase Program, Verify

INFO «E50213539> - Execution time: 00 min : 06 sec
INFO <85021371> - Elapsad time: 00 min : 12 sec

INFO «ES021372> - Operation: successful,

Output Tl Console

Figure7.41. Radiant Programmer Console Output aft@uccessfuProgramming

© 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.

FPGARD023001.1

63


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v2.0 for CertbisPD®evices .l.lLATT’CE
Reference Design

6. ¢2 LINE IONJLINRIYKISNB @ F UIBIb OB Y FAE S Ayid2 GKS {t LCACHUBNEK> C2f f

£3 LFCPNX - LFCPNX-100 - Device Properties ? x

General Device Information

Device Operation

Target Memary: External SPI Flash Memory (SPI FLASH) L
Port Interface: JTAG2SPI b3
Access Mode: Direct Programiming o
Operation: Erase,Program,Verify L

Programming Options

Programming file: FNX—GSRDZ.O,I‘:_pr'lmary_app,-'Debugfc_pr'lmary_app.b'ln e | | D6GBECS
SP1 Flash Options
Fannihy: SPI Serizl Flash L
Vendor: WinBond ~
Diavige: W25Q5127V w
Packags: 16-pin SOIC o
SPI Programming
Data file size (Bytes): |262144 Load from File
Start address {Hesx): 028 ADDOD R
End address [Hex): c0ZE00D00 w

I:‘ Turn off 2ddresses zute updating
D Erase SPI part on programming error

Secure SFI flash golden pattern sectors

=

Figure7.42. Device PropertiesVindow for Primary App Binary without CRC

i
>

7.t R@ YR tItINRENI YOI FEORWBA2 B2 NP DNPYARSANOEE (GKS 2 LISNI

Qutput

INFO 2850212345 - Devical LECPNX-100: LFCPNX-100: Refresh Verify 1D
INFO <85021298> - Operation Done. No errors.

INFO <85021294> - Davical LFCPNX-100: W25Q5121V: Erase,Program, Verify
Initializing...

1DCods Checking..,

Enter 4-Byte mode...

Enabiing...

Erasing...

Diszbling..

Enabiing...

Programming...

Diszbiing...

Verifying...

INFO <85021399> - Exscution time: 00 min : 06 ssc

INFO <85021371> - Elapsad time: 00 min : 12 sac

INFO <85021373> - Operation: successful,

Output  Tel Conscle

Figure7.43. Radiant Programmer Console Output after successful programming
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8. {H6AUOK 2FF G(GKS 062 NR®
{6AG0K 2y G(KS 062 NR®
10. { SldzLd ! ! we GSNNYAWKESS ([ Ay ¥ S yzlidh 2 g8SRI AR2YED ¢ SN A Y | f

i
1.2 A0 ASS602y Ra F2N) GKS Ct D! (2 f 2K RowbBlad@BzidiRiyai NBI Y FNRBY

12.¢KSaNXx Ga 2y 0 KSBUIRAELI G SNEA BiddiNIB K2 6y A Y
0 Lfi2 HiK&S t NRA YI NBEF ABNEWS LINR 2SO
T 1&a az22y a GKS C2 /w/ FT2Na NREZFNE NBES8S FNAYIddiorKS & 3
T LG Fdzi2zYRGK®I peeREFIB{w5 o0AGAGNBIY yR a2Fisé6l NBo
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i GSRD Primary Bootloader LFCPNX bt

W R R R O R O O R

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = b@@lf
INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @

INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 6
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

Fast Read Command ...
start addr: BxBoeefeoe

Fast Read Command ...
start addr: 8xBo8led0e

Fast Read Command ...
start addr: 8xBoe2deee

Fast Read Command ...
start addr: 8xB083ceee

Fast Read Command ...
start addr: 8xBoe4booe

Fast Read Command ...
start addr: BxB085a000

Fast Read Command ...
start addr: BxB0B69008

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC walue: 331e
Calculated Firmware CRC value: ffff

ERROR: CRC Mis-matched!!y

s ke ek ke sk ke e e e~k skl i o sk ke s i ko o e e ki kool e ek e e sk ks sk ok ke

Figure7.44. Primary GSRD without CRC FagildART Terminal
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i GSRD Golden Bootloader LFCPNX ik
NS

Memory Controller Initialization:

INFO: DDR PLL Locked
INFO: LPDDR4 training complete; LPDDR4 training status = b@elf
INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @xBeeefoes

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @9xB88led8e

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI Fast Read Command ...
Copying SPI content to LPDDR start addr: @xB8802d680

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI Fast Read Command ...

Figure7.45. Automatically Jumps tdoot-up Golden GSRD

13. a I y dzLBfR &St wh Dowdzdali2? y &
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15./ 2y ySOi

16. Replug the ethernet cable in the case of FreeRTOS stop at ethernet linkup message.

2 o e o o o o o e ok o e ool o e Rk R R

(e GSRD Primary Bootloader LFCPNX
eE R 22 R R PR R PR RS P RS R R R R PR R P E Y

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = b@@lf

INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

QSPI Fast Read -- Cycle: @
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 1
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 2
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 3
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 4
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: 5
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

QSPI Fast Read -- Cycle: &
INFO: Executing Quad I/0 SPI
Copying SPI content to LPDDR

Fast Read Command ...
start addr: @xBéeefoos

Fast Read Command ...
start addr: 8x8001e008

Fast Read Command ...
start addr: @x3002d000

Fast Read Command ...
start addr: 8xB8@3coee

Fast Read Command ...
start addr: 8xB88e4booe

Fast Read Command ...
start addr: 8xB8@5a000

Fast Read Command ...
start addr: 8xB8069888

Reading and verifying firmware CRC value ...
Embedded LPDDR CRC value: 33le
Calculated Firmware CRC value: ffff

ERROR: CRC Mis-matched!!y

R i RS S RS st et it S R RS R RS R R R S R i Ed E st

ad GSRD Golden Bootloader LFCPNX

N N N N N

Memory Controller Initialization:

INFO: DDR PLL Locked

INFO: LPDDR4 training complete; LPDDR4 training status = b@@lf

INFO: LPDDR4 initialized successfully

Memory Controller Initialization Complete.

i KS URIGHSRIBNG STIT AQD @ £ S

EE

R

Figure7.46. UART Terminal OutputAfter Pressing SW2 PROGRAMN Button
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8. Compiling the Reference Design

This section describes the process of compiling the GSRD/GHRD Referenceybesigralways start with the

Golden GHRD/GSRD projaehich is a part of the Propel Template. Compilation is required to generate the necessary
binary files and bitstreams from the source files. The compilation process involves the following software tools for
generating the FPGA bitstream and software exalle files.

f
f
f

Lattice Propel Builder 2024Ratch
Lattice Propel Software Development Kit (SDK) 2024.1
Lattice Radiant Software 202411

These sections show the typical design and compilation follow for GSRD design.

il

f
f
f

Building Bootloader and FreeRTOS binary files using Lattice Propel SDK

Validating and generating the GSRD design using Lattice Propel Builder

Synthesizing the RTL files and generating the bitstream using Lattice Radiant Software
Generating the MultBoot MCS File

8.1. Building the Bootloader and FreeRT®ary Fles using Lattice Propel SDK
To build the Bootloader and FreeRTOS binary files:

1.
2.

3.

I NBFGS F T2t RSN T2 NI2 SIAUSINKRIEM N 508 ¢n & 2 dzNJ t /
[ Fdzy OK t NRBLISt {5Y Haundm | LI AOFGAZ2Y ®

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
Figure8.1. Propel Builder Launcher
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Q Lattice Propel Launcher X

Select a directory as workspace

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

Workspace: | C\primary_gsrd ~ | | Browse...

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

Launch Cancel
Figure8.2.ProvideName forthe WorkspaceDirectory
4. | T E®TS B bSs B [FG®AOS {2/ 5Sairdy tNera2SOi

S primary_gsrd - Lattice Propel

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help

New Alt+Shift+N > \.. Lattice SoC Design Project X - -
Open File... il Lattice C/C++ Project - —
&) Onen Projects from Fite System ™ Project.. | reate a new Lattice SoC Design —rr,erri
Recent Files > @5 Source Folder
Close Editor Ctri+W I Folder
Ctrl+Shiftew | © Source File
Header File
Curl+S ! File from Template
& Class
rl+Shift+S
= Example..
1 Other.. Ctri+N
™ Rename.. F2
Refresh F5
Convert Line Delimiters To >
Print. Crrl+P
i= Import..
5 Export.
Properties Alt+Enter
Switch Workspace ?
Restart
Exit

Figure8.3. Creating Lattice SoC Design Project

5. hy GKS {2/ tNR2SOG 6AYyR26I LINEOARS wllfySw- TCI N AS28ZDI) & 2 /
5SOADE/ wlzn t I O I&cBrSH ||-5rF“z OK224as uF{SC/D'ﬂH\NESY{(ESYLUtNLELB$GSUSéA
AK2BEA IS { 8 FQSOMNEENE 26y RSAANBR YZRAFAONGAZ2YE G2 GKA:
32 OPLINRA YO NB ¢34 NR
bZCICSQYNJ D{w52 PZ2INREOUZASEGIKS &2dz Oy 4SS 42YS SNNEBENE 4
{5Y FYR tNRLISt . dzAf RSN
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6. /| f COYIMAR doy®EKK S {2/ Ay CIKMBILISKS v Sowl (RSN K S

GlSaznydy b

1 SoC Project O x
Create SoC Project ;—ﬂ»
Create SoC project of selected template | S
Project name:| soc_primary_gsrd
Use default location
cation: | CA\Users\SKothari\Downloads\GSRD2.0_Final\Template_Testing\CertusPro-NX-GSRD2.0\soc Browse...
Choose file system: |MSTEIERs
Language: Verilog ~
[] Board
Device Select
Processor: | RISC-V RX ~ | Family: LFCPNX (CertusPro-NX) ~
Device: | LFCPNX-100 v | Speed: 9_High-Performance_1.0V v
Package: | LFG672 ~ | Condition: Commercial v
Template Design
Empty Project Golden Hardware Reference Design (GHRD) for CertusPro-NX ~
FreeRTOS_Project_1
ject Components included:
RISC-V RX SoC Project a) Processor - RISC-V RX CPU Core
SHA-3 CFU Project b) QSPI Flash Controller
c) LPDDR4 MC v
AV Tl Commmed Fbbmcmnd BAA
@ o

Figure8.4. SoC ProjectVindow
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Figure8.5. Launched SoC in Propel Builder
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File Edt View

o- @ B
Design View

LFCPNX-10¢
v 1F soc_pnmary

Design  Tools
'_;‘ Auto Assign
['Q) Vahidate Design
E, Generate
Select All

Window Help

=
Z3

= Rk Area_select
Instanc

¥ . )
= en L at:
v B 2 ocate Object

PrTRTT—,

¢ o

> T axi

v 17 axi % Generate Memory Report
» 3 oaxi Run Radiant

v 1% axi Run Propel

» T TdHistory

’ f co Design Settings

» I concarm -

Figure8.6. Validate Design in Propel Builder

8. ¢KS By a¥@8i 0SF2tt206ad

Tel Console

% sbp_design drc

INFO <2359136> —

INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357031> - Dangling
INFO <2357033> - Dangling
INFO <2357033> - Dangling
INFO <2359137> — Finished:
3

9. / f ABSanyay

input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input
input

Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port
Port

Start: sbp design drc.

'BUSER' 1s set to default value 'O' on bus 'AXI M02Z' in component 'axi4_interconnect0_inst'.
'RUSER' 1s set to default value 'O' on bus 'AXI M0O2Z' in component 'axi4_interconnect0_inst'.

'ARUSER' is set to default value '0' on bus 'AXI_S00' in component 'axid_interconnect0_inst'.
interconnect0_inst'.

'RAWUSER' 1s set to default value '0' on bus 'RXI_S00' in component 'axid_.
'WUSER' 1s set to default value 'O' on bus 'AXI 500" in component 'axi4_interconnect0_inst'.

'"RRUSER' 1s set to default value '0' on bus 'RXI S01' in component 'axi4 interconnect0_inst'.
'AWUSER' is set to default wvalue '0' on bus 'REXI S01' in component 'axi4 interconnectO_inst'.

'WUSER' is set to default value 'O' on bus 'AXT 501' in component 'axi4 interconnect0_inst'.

'ARUSER' is set to default wvalue '0' on bus 'REXI S00' in component 'axi4 interconnectl_inst'.
interconnectl_inst'.

'AWUSER' is set to default wvalue '0' on bus 'RXI S00' in component 'axi4 :
'WUSER' is set to default value 'O' on bus 'AXT 500' in component 'axi4 interconnectl inst'.

'ARUSER' is set to default value '0' on bus 'EXI S01' in component 'axi4 interconnectl_inst'.
'AWUSER' is set to default wvalue '0' on bus 'REXI S01' in component 'axi4 interconnectl_inst'.

'WUSER' is set to default value '0' on bus 'ARXI 501' in component 'axi4_interconnectl_instc'.
'BUSER' 1s set to default value 'O' on bus 'AXI4 M' in component 'axi_register_slice0_inst'.
'RUSER' 1s set to default value 'O' on bus 'AXI4 M' in component 'axi_register_slice0_inst'.
'BUSER' 1s set to default value 'O' on bus 'AXI MOO' in component 'mpmcO_inst'.
'RUSER' 1s set to default value 'O' on bus 'AXI MOO' in component 'mpmcO_inst'.

Portbus 'TDEST' 1s set to default value '4'h0' on bus 'AXI45_RX' in component 'sgdmal_inst'.

Portbus 'TID' is set to default value '4'h0' on bus 'AXI4S RX' in component 'sgdmal_inst'.
sbp_design drc.

Figure8.7. TCL Console Output after Validating Design

Be DSy S NI

File Edit View Design Tools

LA

us

Window Help

~— E m Auto Assign -
o o {Q Validate Design 2
Design View :_, Generate X
LFCPNX-10C Select All
-8 sc‘x._p ) K Area_select
v 1V Instanc £
— €37 Locate Object
> Ban
v Top =
v ifai
» I axi B Generate Memory Report
» 1 axi Run Radiant
» 17 axi - RunPropel
» fco Tcl History
P S oo Design Settings
» {1 concarmooures

10.¢KS @y ¥ azd8

>

a

Figure8.8. Generate in Propel Builder
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INEFD <2329%%92> - [(PGE FileExistence) Ho available driwver for rpga_canrlq
%

Figure8.9. TCL Console Output after Generating Design

11.b2GA 0SS GKFG FF0SNONSWKERE V¢ F © QIRKEIPYHR QL @ (B2KNES Y1 84 Y
C A JydeNIS

primary_gsrd » soc_primary_gsrd * sge

Fat

Mame

bsp
soc_svd
. cpulyaml

ﬁ’ sys_env.xml
Figure8.10. sys_env.xmHle Qreated
122t N2POSSR (2 (KS t NPCHKES{BYbBaAYR2p®WILADO/ eybb t N22SO

( primary_gsrd - Lattice Propel

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help

New Alt+Shift4N > 4. Lattice SoC Design Project ©O:K®
Open File.. 1 lattice C/C++ Project
. Open Projects from File System... 3 Project.. [Create a new Lattice C/C+ + Project i
Recent Files > &5 Source Folder .
Folder

¢ Source File
n  Header File

Ctri+S File from Template
@ Class

Example...

] Other... Ctri+N

Figure8.11. Creating Lattice C/C++ Project for Bootloader
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01 C/C++ Project O et
Load System and BSP p—
|
Load lattice system environment file and BSP package ==
Select system environment file and BSP package
System env: | C\CertusPro-NX-GSRD2.00soc_primary_gsrd\sge\sys_envxml w Browse...
Select processor core to create C/C++ Project
Core selected: cpu_inst w
Project type: C ~
System information
Device Family CPU Name Instance Name
LFCPNX riscv_rtos cpu_inst
Select Example Application
FreeRTOS-LTS minimal Project A || GSRD-CPNX-Bootloader S
FreeRTOS-LTS PMP-Blinky Project 1. Initializes GP1O, UART
Timing Profiling Project 2. Configures LPDDR4 MC
GSRD Avant Bootloader 3. Configures QSPI Flash Controller
G de 4. Configures Ethernet PHY over 12C interface
GSRD Avant FreeRTOS 5. Copies FreeRTOS Application Software from external SPI FLash
GSRD CPNX FreeRTOS || to LPDDR4 MC "
Ualis VAlseld Pemiaet el Amalieetiew Cefe e aets Tade malte s bes wls el al e

Project name: | ¢ jrimary_buotloaded

Use default location
CACertusPro-NX-GSRD2.00\c_primary_bootloader

file system: default =

[ Build the project
Create a debug launch configuration for OpenOCD

@ Finish

Figure8.12. Bootloader C/C++ Selection

14./ t bOE §yRA yIh & K

Browse...

Cancel
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£33 C/Ce+ 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)
() Float printf (-DPICOLIBC_FLOAT_PRINTF_SCANF)
O Full printf (-DPICOLIBC_DOUBLE_PRINTF_SCANF)
System Library
(@ Default
(O Semihosting (--oslib=semihost)
(O Dummyhosting (--oslib=dummyhost)

\L) < Back Mext > Cancel

Figure8.13. C/C++ Lattice Toolchain Setting

15. ¢ KRA K& 2 G f 2 I RS NUK&ESRRIE 3 ICHiIFOR 4/fF AaA yghiNDS

ﬂ primary_gsrd - Lattice Propel

File Edit Source Refactor Navigate

|

M- | BB~ @i

- - 4 - - .

L Project Explorer x ~~ © O
=) ‘l—_, 7 B
=5 ¢_primary_bootloader
e soc_primary_gsrd

Figure8.14. Bootloader C Project Created
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17. Ly {iKESS O
C A JydbiNgs

s primary_gsrd - Lattice Propel

File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help

New
Open File...
2 Open Projects from File System...
Recent Files
Close Editor
Close All Editors
Save
Save As...
Save All
Revert

Move...

AltsShiftsN> 4. Lattice SoC Design Project LiOIR $
7 lattice C/C++ Project
O Project. I(reateanewlamce C/C++ Pro;enl
> @3 Source Folder
Ctrisw & Folder A
Ctrl+Shiftsw | © Source File
n| Header File
Q=5 19 File from Template
@ Class
Ctrl+Shift+S
; ™ Example..
3 Other.. Ctri+N
r

Figure8.15. Creating C/C++ Project for FreeRTOS

9 El YEB {SS OOLILd 3 BO NBSWoNR {2 SOl &

t NEOARSKAKS

£ ©fC++ Praject O X
Load System and BSP p—
Load lattice system environment file and BSP package i -
Select system environment file and BSP package
System env: | C\CertusPro-NX-GSRD2.0\soc_primary_gsrd\sge\sys_env.xml v Browse...
Select processor core to create C/C++ Project
Core selected: cpu_inst w
Project type: C v
System information
Device Family CPU Name Instance Name
LFCPNX riscv_rtos cpu_inst
Select Example Application
FreeRTOS-LTS minimal Project # || GSRD-CPNX-FreeRTOS a
FreeRTOS-LTS PMP-Blinky Project
Timing Profiling Project 1. Configures UART and GPIO
GSRD Avant Bootloader 2. Configures 05
GSRD CPNX Bootloader 3. Configures TSE MAC
GSRD Avant FreeRTOS 4, Configures SGDMA
{ FreeRTOS o || 5.Setsup TSE MACTX o
alla WAlarlA Demimet M M me FCae e PVTOW am ol Toals C b w ol A mm
Project name: | ¢ _pnm.ary_app|
Use default location
CACertusPro-NX-GSRD2.0Nc_primary_app Browse...
* default
[1Build the project
Create a debug launch configuration for | OpenOCD
® < Back Mext > Finish Cancel

Figure8.16. FreeRTOS C/C++ Selection
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18./ f hOE ¥ RA yah & K
b2 GtSKyA & A a & 2vdz yid# § RISINIFSZLBY &

A

v &5 c_primary_app
¥ Binaries
) Includes
v 8 src
& bsp
& FreeRTOS-Kernel
i& board.c
b board.h
n ethernet_frame.h
n FreeRTOSConfig.h

& main.c

{8 0s.c

(S| osASM.S

b osmacro.h

{8 vector.S

B cpusvd

3 cpuyaml

[ crc_add_debug.txt
[D crc_add_release.txt
™ linker.ld

[ nocrc_add_debug.txt
[D nocrc_add_release.txt
{22 sys_env.xml

Figure8.17. FreeRTOS Project Created

19./ 2 LJ8a §i KIB2dz8 B

v &5 c_primary_app
# Binaries
) Includes
v 8 src

& bsp
& FreeRTOS-Kernel
ig board.c
N board.h
[N ethermet_frame.h
i FreeRTOSConfig.h
€ main.c
9 osc
1Sl 0sASM.S
i osmacro.h
1Sl vector.S
B cpusvd
= cpuyami
(@ crc_add_debug.txt
[ crc_add_release.txt
R linker.ld
[@ nocrc_add_debug.txt
D nocrc_add_re'~~=~s=

13 sys_envxml New
& Debug Open
(& Release Show In
X ¢_primary_app.l e Copy

- sioiinol sniian

I F0SNJ
OND YIRS R GHAIO NDRISOREZH OND Yl RRYNBf S| a$s

i K
ol

Figure8.18. Copy the CRC and NoCRC Add files
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1 Project Explorer x =k}
v IS c_primary_ag
! Includes

3 src
X ¢_primary Open in New Window

MNew
Go Into

5 c_primary_be Show In
@ soc_primary. [ Copy

T Paste
® Delete
Paste
Remove "ncrt Crl+A
Snurce

Figure8.19. Pask in FreeRTOS C project

21.L0 yROKBRREG FTAESa dzyRSNJ GKSACNDB@ME h{ ! LILJ / LINRB2SOG |
« Igh c_primary_app
il Includes
&2 src
% ¢_primary_app.launch
[ crc_add_debug.ta
[ crc_add_release.bet
[l nocrc_add_debug.txt
[ nocrc_add_release.txt

Figure8.20. CopiedTextHles

22.Ly GKS OQYLINAYLINEBwWo22Gt 2 RSNI YFAYydD FAfSS
ORARKSS g ¢ ITRNEENI[ 59b g/ ht , yga9ahw, ¢g{ ¢! we P! 55w G2 t wiald vy @/ h
L 2dz Ydza i YWARYHBRNIRR) 6KS RSaaAgz(ISKEE dzy RE B & B DECSRB Y A LI

dzLRI G S o

C2NJm@RGE O9RAG GKS YIAY®O FAELS 2 (IKRRI dzNE 20NGIHEH FASH/NE &
D{ WbK A & dszlsL’és“RémamzyLmé L=V mm w3 2y GKS BRHZYBRFGD{ w5
Sy I & KaSdztmi2AF & | G dzNB @

int main(int argc, char **argv) {
static uint8_t idx = 0;
static uint8_t pin_state = OxFF;
unsigned int seq =0;
unsigned int new_addr =
unsigned int lppdr_addr=LPDDR_APPLICATION_MEMORY_START_ADDR;
unsigned int crc_calculated = 0;
unsigned int crc_fw = 9;
uint32_t app_base = LPDDR_APPLICATION_MEMORY_START_ADDR;
bsp_init();

Figure8.21. Updated PrimaryAddress

if(crc_calculated == crc_fw)
{
printf("\r\nCRC matches successfully !1\r\n");
printf("\r\nJumping to FreeRTOS application ...\r\n");
asm volatile ("lui x5, X[appStart]” : : [appStart] "i" (LPDDR_APPLICATION_MEMORY_START_ADDR >> 12));
asm volatile (“"addi x5, x5, ¥[appStart]" : : [appStart] "i" (LPDDR_APPLICATION_MEMORY_START_ADDR & OxFFF));
asm volatile (“jalr x@, x5, @");

else

printf("\r\n ERROR: CRC Mis-matched!!!\n");
fw _softreset();

Figure8.22. Add the fw_softreset(JFunction to Enable Muti-Boot

}
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3Ly GKS OyLINAGZIRME B Nl SR FRERIIND ) | RRCHJLNEBlﬂﬁKZlﬁ@’)\E)@I\m

[AYyS tpiwBROB NBLX I OSR 6AGK uKSLJNH.(E.AH.M'IE)\SeOuOIV&S/ G KK Al
OWLINA Y IS/ @HEI y I YS ARD LA K OG RAIGIS Yi IKNE ([l AYREBRAYY | A Y (]KA Yy
OWPLINA YI NE ¢l LILIONDKIOR A ik S KA B) ROAVL KA FA2Y a2Fd 61 NB | LILIS)

= >+

i) crc_add_debug.xt X . 1il nocrc_add_debug.txt

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

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

-fill OxFF 0x0000 0x40000 # fill code area with @xff

7 -crop 0x0000 Ox3fffe # just keep code area for CRC calculation below

8 -CRC16_Big_Endian @x3fffe -CCITT # calculate big endian CCITT CRC16 at given address.
-crop @x3fffe 0x40000 # keep the CRC itself

11#second: add application file
12 ..\Debug\c_primary_app.bin -Binary
13 -fill OxFF 0x0000 Ox3fffe # fill code area with @xff

15# generate a Binary file
0 ..\Debug\c_primary_appcrc.bin -Binary

Figure8.23. Update crc_adddebugtxt

{AYAE I NI &z MR SOMHENY ¢y ONDp® RRIHPNB SR pBF gRA K GKS FAES y
GAGK2dzi / W/ZAIT@EBNGEK 2 5y

M crc_add_debug.txt | ) nocrc_add_debug.txt X

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

4#first: create CRC checksum

5 ..\Debughc_primary_app.bin -Binary

6-fill @xFF 0x@000 @x40000 # fill code area with @xff
7# generate a Binary file

8 -0 ..\Debug\c_primary_app.bin -Binary

Figure8.24. Update noncrc_add.txt

25.h LISy [ & & $75 NB (ORNINR Y IONE @ | LILI

26. |

£ Project Explorer X B § = O )[R Linker x
Tl Linker Script: linker.ld
~ @ sic Available Memory Regions
- ::’Emos«eme\ Name Attributes  Base Address  Size
3 boardc sysmemQ_inst i 00 0x20000
@ boardh
B FreeRTOSConfigh STACK and HEAP Size
4 mainc
B osc
B osASMS HEAP_SIZE: | 0x0 ]
(8 osmacro.h STACK_SIZE: | OXA00 ]
S:ZT::: Section to Memory Region Mapping
 cpuyaml
D crc_addtxt CODE: sysmem0_inst
R linkerId
@ nocrc_add.bxt DATA:  sysmem0_inst
2 ‘U?:r;:::::_lmm Section Name Memory Region
D cc.adana text sysmem0_inst
B nocrc_addxt ctors sysmem0_inst
& c_primary_bootloader dtors sysmem0_inst
@ soc_primary_gsrd rodata sysmem0_inst
data sysmem0_inst
bss sysmem0_inst
heap sysmem(Q_inst
stack sysmem0_inst

Figure8.25. Open Linker.LdHle

LIRFGS GKS a9ahwEy BNF2ANRRNBSHvch2 (2 NHzy FNBY [t55wnod
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&5 Project Explorer X% E®syé=0o *Linker %
~ &5 c_primary_app 1/* Lattice Generated linker script, for normal executables */
& Includes 2
v. @ stc JENTRY (_start)
¥ ‘—"’f" 5_HEAP_SIZE = DEFINED(_HEAP_SIZE) ? _HEAP_SIZE : 0x0;
& driver 6_STACK_SIZE = DEFINED(_STACK_SIZE) ? _STACK_SIZE : ©xA@@;
[ riscv_errors.h 7
[n sys_platformh 8MEMORY
& FreeRTOS-Kemel 9{
(€ board.c 1e sysmemd_inst (rwx) : org = {3 [, len = 0x20000
 boardh 2
@ FreeRTOSConfig.h 13 SECTIONS
(& mainc 14
[@ osc 15 /* CODE */
8 0sASMS 16 .text : ALIGN(4)
i osmacroh 17 {
B vectorS 18 _ftext =('; 5.
19 PROVIDE (_sprof = .);
R cpusvd &
E‘““"’ 20 KEEP (*(SORT(.crt®)))
= cpuyam! 21 *(.text .text.* .gnu.linkonce.t.*)
D crc_add.txt 22 KEEP (*(.init))
R linker.d 23 KEEP (*(.fini))
@ nocrc_add.txt 24 . = ALIGN(4);
@ sys_envxml 25 —etext = .;
% c_primary_appJaunch ;' } >sysmemd_inst
27
acaddoa 28 .gprof : ALIGN(4)
nocrc_add.txt 29 {
& c_primary_bootloader 30 PROVIDE (_s_part_prof = .);
& soc_primary_gsrd 31 KEEP (*(.gprof))
32 . = ALIGN(4);
33 PROVIDE (_eprof = .);
34} >sysmemd_inst
35
36 .ctors : ALIGN(4)
37
38 _ctors_start = .;
39 KEEP (*(.init_array*))
46 KEEP (*(SORT(.ctors.*)))
a1 KFFP (*(_ctors))
Overview linker.ld

Figure8.26. Update Linker.ld File

27.t NBEIANT a0 (0 K3 a0 Kl KyZ3 S \dbAids

L Projectxplorer x = O
| 8BS 7T §
© &5 c_primary_app
5 ¢_primary_bootloader
- 12 soc_primary_gsrd

Figure8.27. Workspace

28.¢2 ONBI(GS (KS oBFE#ii2G1R 2N oOwWyLINGEY 8BS yBak2t 2Ri ot 2NPRSIND i v R

1 Project Explorer % = o]
BS Y §

» &5 c_primary_app
5 ¢_primary_bootlo: *

» 1 soc_primary_gsrd New ’

Go Into

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

B Copy Ctrl+C

Paste
Delete
Remaove from Context

Ctri+V
Delete
Ctrl+Alt+Shift+Down

Source »
Move...

Rename... F2
Import..

Export..

Build Project
Clean Project

E

S

| Incremental Build of Selected Projects i

Figure8.28. Build Bootloader Project
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20. ¢ K@y a2t SA 2 dAt LBAIK B B ¢ R 3 yibsgs

Building target: c_primary_bootloader.elf
Invoking: GNU RISC-V Cross C Linker

riscv-none-embed-gce -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-GSRD2.8/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.1lst

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "(jr-imaryibmtlﬂader.elf"
text data bss dec hex filename
9668 20 3500 13188 3384 c_primary_bootloader.elf
Finished building: c¢_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: ¢_primary_bootloader.mem

©1:09:51 Build Finished. @ errors, 4 warnings. (took 4s.731ms)
Figure8.29. Bootloader Build Project Console Output

30. ¢ KO RSB I BSDa®BI RS NJ A A&idaNgby 6K 51 NB ONBFGSR A& yIFYSR |
¢tKAASA || BRDIANBSYRANE Ay t RERWSY & dzA £ RS NJ

v & ¢_primary_bootloader
¥ Binaries
n Includes
£ src
v & Debug
& src
%5 c_primary_bootloader.elf - [riscv/le]
¢_primary_bootloader.bin
[B c_primary_bootloader.Ist
[ c_primary_bootloader.map
[B ¢_primary_bootloader.mem
® makefile
@ objects.mk
@ sources.mk
X| c_primary_bootlioader.launch

Figure8.30. Bootloader Binary Created
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31. .ST2NB ONBY GO N¥FITE KD C NEEEWE Oy RBKR el SoMRE SLALd t NF IR3pE A ©3

1 Project Explorer X =R § =0

15 c_primary_apg

New

5 c_primary_boc
& soc_primary_g

Go Into

Open in New Window
Show In

Copy

Paste

% Delete

Remove from Context Ctri+

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

Alt+Shift+Down

Source >
Rename... F2
22 Import...
4 Export.
Build Project
Clean Project
Refresh F5
Close Project
Close Unrelated Projects

Build Configurations
Build Targets
Index 4
Run As >
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
v Validate

Properties Alt+Enter

Open Properties Dialog

# 0

3

Figure8.31. Properties

OR
SNBLAIERI nT ®

7% Properties for ¢_primary_app O X
type filter text Settings Pw v §
Resource
Builders

v C/C++ Build Configuration: IDEbug [ Active ] v| Manage Configurations..

Build Variables Debug [ Active ]
Environment - .
% Tool Setting [ All configurations ] nary Porsers| © ErolIE

Logging

Figure8.32. Select Release as Configuration
33./ t A Q@Y y2yaS [/ 2 ysES\IudE W IVEBAES G POUA GBS
Settings SRAL R

Configuration: Release ~| | Manage Configurations..

o -
% Tool Settings % Tq -’ c_primary_app: Manage Configurations X gact [ Binary Parsers @ Emo * | *

Pre-build steps Configurati.. Description Status
Command: Debug Active

Release ~
Description:

7| | Set Active || New... Delete | Rename.. | o
Post-build steps Cancel

Command:

Nesrrintinn:

Figure8.33. Set Release as Active Configuration
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34.D2 /K2 bb . dAf R B {SYdRSRE B { .RdzX {05 LBI HRNBSIYRYVTBHR a K20y
0StRHNI 82dzNJ NBALISOGADS odzif RE APSd F2NJ 5506dz3 2N wSt St

srec_cat.exe "@.. \crc_add debug.txt" && srec_cat.exe "@.. \ nocrc_add _debug.txt"
srec_cat.exe "@.. \crc_add release.txt" && srec_cat.exe "@.. \ nocrc_add_release.txt"
{1 Properties for c_primary_app O X
| | Ssettings Ve b
Resource "
Builders
v C/C++ Build Configuration: Debug [ Active ] ~ | Manage Configurations...

Build Variables
Environment

Logging # Build Steps Build Artifact w Binary Parsers & Error Parsers 1)
Settings Pre-build steps
Tool Chain Editor Command:
C/C++ General . |
MCU
Project Natures lDescrlptlor-:
Project References w
Run/Debug Settings )
SystemVerilog Projec Post-build steps
Task Tags lCommand:
Validation srec_catexe "@.\crc_add_debug.tet” && srec_catexe "@.\nocrc_add_debug.txt” ~ |
Description:
|
< » »

Figure8.34. Adding Post Build Step for FreeRTOS Application CRC Bipasnd

35./ t A QILUf yoRE 2pa S
36. wA EKXOQ Y RINA Y I NERA QJLdzR iR &t N2 2 S O

5 Project Explorer S8 Y § 50
= C_primary_a~——
= ¢_primary_b e !
&} soc_primary Go Into
Open in New Window
Show In Alt+Shift+W »
& Copy Ctrl+C
[} Paste Ctrl+V
K Delete Delete
Remove from Context Ctrl+Alt+Shift+ Down
Source »
Move..
Rename... F2
s Import..
i Export..
Build Project Incremental Build of Selected Project:
Clean Project
Refresh F5

Figure8.35. Build ¢c_primary_app C/C++ Project
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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=@ -fsigned-char -ffunction-sections -fdata-sections -g3 -T "C:/CertusPro-NX-GSRD2.0/
Finished building target: c_primary_app.elf
Invoking: GNU RISC-V Cross Create Listing
riscv-none-embed-objdump --source --all-headers --demangle --line-numbers --wide "c_primary_app.elf" > "c_primary_app.lst”
Finished building: c_primary_app.lst
Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley “"c_primary_app.elf"
text data bss dec hex filename
29556 140 27648 57344 @00 c_primary_app.elf
Finished building: c_primary_app.siz
Invoking: Lattice Create Memory Deployment
riscv-none-embed-objcopy -0 binary --gap-fill @ "c_primary_app.elf" "c_primary_app.bin"; srec_cat "c_primary_app.bin" -Binary -byte-swap 4 -DISable Header -Output "c_primary_app.mem" -MEM 32
Finished building: c¢_primary_app.mem

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

01:09:22 Build Finished. @ errors, 3 warnings. (took 8s.261ms)
Figure8.36. FreeRTOS App Build Project Console Output

3. ¢ KORBIKSD dzZa T2t RSN ' YR ODPEINK ¥ NE ¢RYAINIG X i/ 8B O B BOHIANRIS A0 A
gAGK [/ w/ | yYRAKRAERADNG w/ | &

(. Project Explorer X = Sl = |
v &5 c_primary_app
¢ Binaries
») Includes
2 src
v & Debug
& src
¥ c_primary_app.elf - [riscv/le]
c_primary_app.bin
B c_primary_app.ist
@ c_primary_app.map
B c_primary_app.mem
¢_primary_appcrc.bin
makefile
objects.mk
sources.mk
X, c_primary_app.launch
[ crc_add.txt
B nocrc_add.txt

Figure8.37. FreeRTOS App Binaries Created with CRC and without CRC

8.2. Using Different SPI Flash Manufacturer

There are few SPI flash manufacturers supported by RI88H ControllelP and drivers such as Winbond, Macronix,
andMicron.

To build the GSRD bootloader for specific SPI flash model, perform the following steps:

1. / KFEy3SEih KB YOSURESRILR B F & | A K Y OyTiday®dibn ) BNVTOY RX #o/S HyH (2
FftlrakK Y2RSt 6a4SS 0St260

for(seq=0;5eq<QSPI_FETCH_SEQ;seq++)

printf("\r\nQSPI Fast Read -- Cycle: Zd\r\n", seq);

gqspi_flash_cntl_read_fifo_dis(new_addr, FLASH_ADDR_WIDTH, FLASH CATL_BSPI NODE,
(unsigned int x)lppdr_addr, QSPI_FW_FETCH_SIZE,
;

new_addr = new_addr+QSPI_FW_FETCH_SIZE;

lppdr_addr = lppdr_addr+QSPI_FW_FETCH_SIZE;
printf(“Copying SPI content to LPDDR start addr: @x%x \r\n", lppdr_addr);

Figure8.38. SPI Flash Manufacturer Parameters Changes in QSPI Read Function
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8.3. Validating and Generating the GSRIsign using Propel Builder
To validate and generate the GSRD design, perform the following steps:
1. { St S0G GKS a20 LINRB2SOG IyR [ Idzy OK t MR W2fI . dZNBR RN BNE

£ primary_gsrd - Lattice Propel . m} X
File Edit Source Refactor Navigate Search Project Run LatticeTools Window Help
8 4 | ® v v @velviegv @~ % v (4 OpenDesigninPropel Builder
v v oD E v v | Generate and Open Diamond Project Q iE
(. Project Explorer X = n Generate and Open Radiant Project O |(2 Outlin X =n
| Lattice Sentry Tools for MachXO3D >

< : i i 2
&S c_primary_app Lattice Sentry Tools for Mach-NX N e

15 c_primary_bootloader that provides an outline.
13 soc_primary_gsrd

Figure8.39. Open Propel Builder
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Figure8.40. Propel Builder SoC Project
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Figure8.41. System Memory Highlighted
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* Module/IP Block Wizard

igu from _memory Version 2.2.0
‘Set the following parameters to configure this component.

Dizgram sysmemo Configure 1P
| General Port 50 Settings Port 51 Setti
Property Value

sysmemO

Interface A4

4 ™ Memory Address Depth [1 - 4055040] 65336
Data Bus Width(bits) 2
I\‘XI S O Memory Type EBR
S Port Count 1
ECC Enable

| aXi_aC”(_i AXI4 1D Width 4

Enable Data Streamer

—axi_resetn_i

Initialize Memery
Systel l | I | |e| l lory Initialization File Format hex
- Initialization File ./-/c_golden_bootloader/Debug/c_golden_bor
Al »
Document No DRC issues are found.

Figure8.42. System Memory IP Configuration
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primary_gsrd > c_primary_bootloader > Debug

ilder
MName

src :
H c_primary_bootloader.bin :
D c_primary_bootloader.elf :
H c_primary_bootloader.Ist i
0 c_primary_bootloader.map i
H c_primary_bootloader.mem i
D makefile :
D objects.mk ;

D sources.mk :

Figure8.43. Initialize System Memory with c_primary_bootloader.mem
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Figure8.44. Click Generate
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. Module/IP Block Wizard

Configure Component from Module system_memaory Version 2.2.0
Set the following parameters to configure this component.

Dizgram sysmem0 Configure IP
= General Port 50 Setings Port 51 Setings
Property Value
~ General
Interface AXl4
Memory Address Depth [1 - 4033040] 32768
Data Bus Width(bits) 32
S Smem o Memory Type EBR
y Port Count 1
ECC Enable
— + /\ AXI4 1D Width 4
I—SO ~ Data Streamer
. . Enable Data Streamer
—axi_aclk_i
—axi_resetn_i * niazaton
Initialize Memory =
Initialization File Format hex
System memo ry Initialization File ;‘.f...fc_primary_bootloader.fDabug/c_primary_bootl..‘

Figure8.45.BootloaderHle Updated in System Memory
9. 2 A GAf (GKS LINRPOSAaaGNAAI R KEEWENSI S | YR Of A O]
4. Module/IP Block Wizard X

Check Generated Result
Check the genersted component results in the panel below.

Component 'sysmemd’ i successfully genarsted.
Module: system_memory  Version: 2.2.0
Vendor: latticesemi.com

Language: Veriog

Generated files:

IP-XACT_component: componentaml
IP-XACT_design: design.eml
black_box_verilog: rtlfsysmemd_bb.v
cfg: sysmemi.cfg

IP package file: sysmemi.ipsx
template_verilog: misc/sysmam_tmpl.y
dependency_file: testbench/dut_inst.v
dependency_file: testbench/dut_params.v
template_vhdl: misc/sysmemd_tmpl.whd
top_level_verileg: rtlfsysmemd.v

< Back Finish

Figure8.46. Click Finish
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8.4. Synthesizing the RTHles and Generating the Bitstream using Lattice Radiant
To synthesize the RTL files and generate the bitstream, perform the following steps:
1. /1 fA01 GKS wlRAFYG AO02y FTNRBY t NRPLISt CHARIS NI (2 | dzy OK
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File Edt View Design Tools Window Help

— % ? R v 1 ey
o= 9 A BME TS NS @ e S Q
0 = Run Radans
View ; Schamatic Addrens A Stat Page uni_m_J
BB LFCPNX-100-9LFGET2C A

Figure8.47.Run Radiant Icon

2. ¢KS WIRAFY(G 6AYR26 2F 22dNUd2 SO0 A4 1 dzyOKSR a4 &K:

Lattice Radiant Software -[C:/CertusPro-NX-GSRD2.0/soc_primary_gsrd/soc_primary_gsrd.sdf] - Reports
Fle Edt View Project Tooks Window Help

o3 R Qe N AL e0HNRENBERIORERESBSE
> O sevemonn [ moouen [ rcsmmeomn [ comne

2 x & sutruge Reports i

~ [ soc_primary.gsrd
LFCPNX-100-OLFG672C Reports Soc_primary_gsrd Project Summary

v [ Strategies
S _
Timing
1 Strategyt + [} Synthesis Reports

~ 7% impl_1 (Synplify Pro) Family LFCPNX Timing Errors
- Input Files

impl_1 Performance Grade 9_High-Performance_1.0V

Stratagy1 Oparating Conditon: com

LFCPNX-100-0LF GB72C Synthesis Synpity Pro

, Device FCPNX-100 Prosct Created 40930 0116:14
* |8} soc_pnmary_gsrd/lib/latticesemi.com/module/p0/1.9.0/pl0.ipx Map Reports o 0 2 20240300110

» RTL Files Package LFG672 Project Updated. 2024/09/30 01:16.17

,
/88, Consismias Fles FPcRnass Repony Proct File C1CartusPro-NX-GSRD2 0so:_primary_gerdisoc_premary_gsrd.rof
» (20 Testhench Fles
POty » [ Export Reports

= [8) s0c_prmary_gsrd/ib/laticesems com/ip/a4_regsice/1.00/axid.regslce0ip:

Implementation Location: LiCertusPro-NX-GIRD2 (soc anmary. gsrimel |

» £ RTL Files » [7) Misc Reports BRSNS UShIR
» 2 Testbench Files
T iy LuTe ) 10 Bufer 0
+ [§) soc_primary.gsrdb/latticesemicomyip/sgdmati2 2.0/sgdmalipx PFU Register ) EBR 0
» £ RTL Files Al
- 1 ot ki, i 3¢ lmady Gy - Soc_primary_gsrd Constraints Dropped Summary
3 tse_macO(tse_macO_inst) - tse_macO.v Synmhest 0 Post Synthesis 0
§ sysmemisysmem st - sysmemOy = = e o
3 sqmidisgmid_inst - sgmidv
sqdmeisgdmad_inst) - sgdmalisy
51.apb_uart(s? apb._uart inst} - 51_apb_uartv
§ 50_apb._gpiols0_spb_gpio_inst) - 20_spb_gpiov
£ stsyncOistsyncd jnst - styncOy
I3 qspiOiqspil_inst) - qspiOv
5 pIOKpO,inst) - plldy
T mpmcOimpmad_inst) - mpmcOisv
§ lpddndme_contrOlpdded_me,_contrd jnst) - Ipdded me_conti0.v
2606260 inst) - 260
§ fpgs_configOifpgs configd_inst) - fpga configh
3 cpulepu.inst) - cpusv
£ 04 regulced{and regeliced inst) - s, regulicedv
4 ¥ st - axi4J

C:/CertusPro-NX-GSRD2.0/scc_primary_gsrd/radiant_setup_template.tcl® 2 x

 aca inst) - a4

Figure8.48. Lattice Radiant 2024.Window
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Windows (C:) » lscc » propel = 20241 » templates » LFCPMX_RX_GSRD_Templatel1 » LFCPMNX

s

Mame

-

M clock_constraint.sde

ﬂ soc_board_constraints.pdc

Figure8.49. Constraint Filed-older

5. wA BKAO| NEBRYW G KSaAa /2yAGNI Ayl CAIICEBHAANIRR B 9EAAGAYI C

© 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.

FPGARD023001.1 88


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v2.0 for CertbisPD®evices .IILATT’CE
Reference Design

Lattice Radiant Software -[C:/primary_gsrd/soc_primary_gsrd/soc_primary_gstd.rdf] - Reports
File Edit View Project Tools Window Help

g-E=5-H 9 ¢ Qaaa o
> u Synthesize Design u Map Design u Place & Route Design n Export Files

2 x 12} start Page [ Reports

Q> Find Text...

~ |48} soc_primary_gsrd/lib/latticesemi.com/ip/sysmem ™

3 RTL Files Reports
» Testbench Files

~ |8} soc_primary_gsrd/libflatticesemi.com/ip/tse_to_r
> RTL Files

» 1] Synthesis Reports
3 Testbench Files

tse_to_rgmii_bridgel.cfg

»
~ [ soc_primary_gsrd/liby/latticesemi.com/module/pl [EERIES

> RTL Files
3 Constraint Files ¥ |2] Place & Route Reporis
3 Testbench Files

pliocfg » [2] Export Reports

[59iPre-Synthesis Constraint Files

Post-Synthesis Cons ¥ [l Misc Reporis

Debug Files
Script Files

Analysis Files Regenerate Al IPs..

Programming Files Add v New File...

4
~ 1 soc_primary_gsrd - soc_prir
v TF vartD{uartD_inst) - vart(

v 1} tse to_rgmii_bridgelits Existing File...

R » Existing Simulation File..
» 1} tse_macOitse_macO_inst sting Simulation Fiie

v T1 sysmemO(sysmem0_ins

Figure8.50. Add Existing Pr&ynthesis Constraint

’ ~

6. { STt SOG (GKS Ot 201yO02yaiiNIAylidoaR0O YR 9yadaNB (dR®RI GKS

Add Existing File ? X
Look in: Ci\lscc\propel\2024.1\templates\LFCPNX_RX_GSRD_Template01\LFCPNX e 2 0 ﬁ @ E]
‘ My Co Name M Size Type Date Modified
2 Skothe 1 ‘clock constraint.sdc | 30.es sdcFile 6/12/2024 3:54 PM
1 3
File name: dock_constraint.sdc Add
Files of type: | Pre-Synthesis Constraint Files (*.sdc *.fdc ) - Cancel

Copy file to directory | C:/CertusPro-NX-GSRD2.0/s0c_primary_gsrd/source/impl_1

-

Figure8.51. Select clock_constraint.sdc file
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Add Existing File ? x
Look in: Ci\lscc\propel\2024.1\templa. NX_RX_GSRD_Templsteo1\tFcPiX ~ Q) © @ @ B F

. My Co Name v Size Type Date Modified

a SKothe ﬂ soc_board_constraints.pdc 12..KiB pdc File 7/29/2024 3:32 PM
4 (3K 3
File name: soc_beard_constraints.pdc Add
Files of type: | Post-Synthesis Constraint Files (*.pdc ) - Cancel

Copy file to directory | C:/CertusPro-NX-GSRD2.0/s0c_primary_gsrd/source/impl_1

-

Figure8.52. Select soc_board_constraint.pdéle
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Lattice Radiant Software -[C:/primary_gsrd/soc_primary_gsrd/soc_prima
File Edit View Project Tools Window Help

¢ =- B c @ C
> n Synthesize Design n Map Design u

[Eali

Q= Find Text...

~ |y} soc_primary_gsrd/lib/latticesemi.com/ip/sysmem *

2 RTL Files
3 Testbench Files
sysmem0.cfg
~ |4 soc_primary_gsrd/lib/latticesemi.com/ip/tse_to_r
2 RTL Files
3 Testbench Files

tse_to_rgmii_bridge0.cfg
~ |4 soc_primary_gsrd/lib/latticesemi.com/module/pl
2 RTL Files
3 Constraint Files
3 Testbench Files
plli0.cfg
= Pre-Synthesis Constraint Files
B 1_1/clock
= Post-Synthesis Constraint Files
B source/impl_1/soc_board_constraints.pdc
Debug Files

il

Seript Files -

4 3

Figure8.53. Pre and PosSynthesis Constraint Files Added
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= [ soc_primary_gsrd
E LFCPNX-100-9LFG672C
< Strategies
[&] Area
= Timing

Figure8.54. Update the Strategy
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Strategies - Strategyl X
Process All ~| | Default
- 'S_y|nthes\ze Design Na:ne Type Value

p— Cumt’mm Propagation Command Line Options Text

j— Synplfy Pro Disable Auto Hold Timing Correction T/F

5 Disable Timing Driven T/F

~ [=] Post- Synthesis

=] Post-Synthesis Timing Analysis Impose Hold Timing Correction T/F
-« 3 Map Design Multi-Tasking Node List File
= Map Timing Analysis Number of Host Machine Cores Num |5
- . Place & Route Design Pack Logic Block Utility [blank or 0 to 100] MNum
[=] Place & Route Timing Analysis Path-based Placement List Cn
Ele Timing Analysis Placement lteration Start Point Num |2
[Z] Timing Simulation Placement Iterations [0-100] Num |2
[5] Bistream Placement Save Best Run [1-100] MNum 1
Prioritize Hold Correction Over Setup Performance | T/F ]
Run Placement Cnly T/F
Set Speed Grade for Hold Optimization List m
Stop Once Timing is Met T/F ]

oK Cancel Apply Help

Figure8.55. StrategyUsed forCertusPro-NXGSRD Testing
11./ f AO| DRESVW KB®®&y Wit 3SySNIGS + 6Ad0 FAESP 2FAG F2NJ GKS
File Edit View Project Tools Window Help
o E-H 9OC QQQa@ D2 ©(
} u Synthesize Design u Map Design Place & Route Design u Export Files

Run All F
Q. ~ Fnd Taxt... [Eal ﬁ’ Start Page || Reports 5
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Figure8.56. Generating the Bit File
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Figure8.57. Successful Radiant Flow and Bitstream Generation
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In Lattice Radiant softwargp toProject > Active Strategy > Place & Route Design Settings

a.
b. Change Placement Iterations from 1 to 5.
c. Change Placement Save Best Run from 1 to 5.
d. QickOK
e. Click orExport Files

13. ¢ KA & NBNﬁyé iKS tftFrOS ?AW%WQS §SéA3y g A UK TA@S,RA¥T$
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8.5. Generating the MultiBoot MCS File

To generate the muliboot MCS file, perform the following steps:

Note: Follow these steps only whamu have or recreated both Golden and Primary bitstreams.

1. [ FdzyOK GKS [FGGAOS t NPINI YYCSNDWENSER Y [ GGAOS wl RAFYyG | é
B lsttice Radiant Software 2024.1 A

&~ Install&Uninstall Cable Drivers

. IP Packager

T\
{*#-) Power Calculator
4

Questa Lattice Edition

4 Radiant Programmer

Figure8.58. Launch Radiant Programmer from Windows Start

2. t N2P@ARS (KS t20liA2y IAFINKENENE 2#OFAFSi 62 206208 (KS

3 Radiant Programmer - Getting Started ? X

News Project:

- |

Project Locatins || ] [ eroveen

(®) Create a new project from 2 scan

Cable: ~| port: ~ Detect Cable

T

(D) Create anew blank profect

Open Project:

(Z) Open an existing programmer project

Figure8.59.Radiant Programmer Gettin§tarted Window
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Figure8.60.Error if No HWBoard isConnected
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Figure8.61.0pen Deployment Tool from Radiant Programmer
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B2l Radiant Deployment Tool - Getting Started 7 X

@® Create New Deployment
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Close

Figure8.62.Deployment Tool Start window

5. I LILX & (i KaSK 256300 (MAgenNaty ® AhO®

© 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.

FPGARD023001.1 93


http://www.latticesemi.com/legal

Golden System Reference Design and Demo User Guide v2.0 for CertbisPD®evices .l.lLATT’CE
Reference Design

B Radiant Deployment Tool - Getting Started ? X
@ Create New Deployment
Function Type: External Memory w
Output File Type: | Advanced SPI Flash w
{Z) Open an Existing Deployment

Figure8.63. Options for Creating New Deployment
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Click theFile Name fieldo browse and select theJNJA Y | NBE  fEbén NoRr@rmarg $oé pioject.

a.
b. The Device Family and Device fields auto populates based on the bitstream .bit file selected.
c. dickNext
E Radiant Deployment Tool- project0.ddt* - [m] X
File Edit Help
Ca R EE DR £ E
External Memory: Advanced SPI Flash
Step 1 of 4: Select Input File(s)
File Name (*.bit *.rbt *.bin *.hex) Device Family Device
1 em/impl_1/soc_primary_system_impl_1.bit .. LAV-AT_ENG LAV-AT-E70ES1T
Previous Next

Figure8.64. External Memory Step 1 of 4: Select Input Files
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a. Under Options tab: Choose Output Formatrael Hexand SPI Flash SiZ&1b) as 512
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Figure8.65. External Memory Step 2 of Belect Options

No changes needed in User Data Files section.
Under Multiple Boot tab
i. {StSOG GKS adz GALX S . 220 hLAzyo
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