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Introduction

Frontgrade has created example user code for programming external non-volatile storage devices using Lattice
Serial Peripheral Interface (SPI) Flash Memory Controller IP. The process is comprised of a set of user modules
for interfacing to Lattice SPI Flash IP. The user code interfaces to the IP to download Lattice FPGA image and
store it in the external non-volatile memory device.

The IP provides an interface between the user code and an external non-volatile memory device. AHB-Lite
interface is used to configure the IP through the IP Graphical User Interface (GUI), and the APB interface is used
to issue any flash operations. This IP receives and processes data or control signals from user code, and then
translates each flash command into serial form to be communicated to the external non-volatile memory device.

For details on Lattice’s Flash Memory Controller IP, refer to FPGA-IPUG-02134-2-1-SPI-Flash-Memory-Controller-
IP-User Guide.pdf.

Note: The hex file was created from the accompanying ADC app note and following Global settings:

e  MASTER_SPI_PORT: SERIAL
e JTAG_PORT: ENABLE

e PROGRAMN_PORT: DISABLE
e MCCLK_FREQ: 3.5

This app note goes through the following steps:
1. Use Lattice Tools to create the hex file.
2. Send intel hex file using <Intel Hex file name>.ttl and Terminal.
Terminal > Control > Macro > <Intel Hex file name>.ttl.
3. User code receives the hex file line by line and assembles one memory page.

4. The SPI Flash Memory Controller sends one memory page at a time to MRAM until the image is complete.
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v VY

i_tx_data_valid

APB Interface o_tx_ready R . o_tx_serial
External SCK o == L TXFIFO] [ TXFSM

SPI Sl Memory User Data Host

MRAM SO Controller Module o o dota Interface Processor
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CertusPro-NX Device

CertusPro-NX Evaluation Board is the LFCPNX-100-9LFG672C. The Eval Board can be used in a wide range of
applications. For more information on the capabilities of CertusPro-NX device, see CertusPro-NX Family Data
Sheet (FPGA-DS-02086).
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1.1 Preparing MRAM Image from CertusPro-NX-RT Bit File

The Programmer tool from Lattice can be used to create the hex file. Launch the programming tool, see picture
below.

Under Tools, click on Deployment Tool, see picture below.

3 Radiant Programmer - impl_1.xcf
file Edit View Run Tools| Help

et E SR 8 s Tool
Enable Statu: 2 Download Debugger Device
1 £ Programming File Utility FCPNX-100
< Custom Flash Device...

In the Radiant Deployment Tool, under Create New Deployment, choose the Function Type and Output File Type
and click OK, see picture below.

B Radiant Deployment Tool- project0.ddt - O x
File Edit Help

Lo = IR -~ =< = - B R .

'y

E Radiant Deployment Tool - Getting Started ? X

(@ create New Deployment

Function Type: ‘File Conversion > |

Output File Typ¢ ‘Bitslream e |

") Open an Existing Deployment

Recent Files: C:/projects/Lattice/CertusPro-NX-RT/applications/led_brightness_project/led_brightness/project0.ddt -

ok || close
Previous | | Mext

4350 Centennial Blvd., Colorado Springs, CO 80907 e frontgrade.com e sales@frontgrade.com Page 4 of 29



rRONTGRADE UT24CP1008

PROG RAMING MRAM CertusPro-NX-RT FPGA

Version #:1.0.0 4/7/2026

Under File Conversion, choose the bit file and click Next, see picture below.

E Radiant Deployment Tool- project0.ddt* — O *
Eile Edit Help
B ® SRR o e £ E

File Conversion: Bitstream

Step 1 of 4: Select Input File(s)

File Name (*.jed *.bit *.rbt) Device Family Device

1 'ightness,ufimpl_1,f|ed_brightness_impl_1‘bitD LFCPNX LFCPNX-100

Under File Conversion, choose the Output Format and click Next, see picture below.

Radiant Deployment Tool- project0.ddt* - O X

| File Edit Help
o D me 2 E
| File Conversion: Bitstream

Step 2 of 4; Bitstream Options

Quput Format: Intel Hex v
Program Security Bit: Default ~
Verify ID Code: Default ~
Frequency: Default ~
Compression: Default ~
CRC Calculation: Default v
USERCODE Format: Hex ~
USERCODE: 00000000

B Byte Wide Bit Mirror

(] Retain Bitstream Header

(] Encryption
Encryption Mode: AES256-CBC
Encryption Key:

Edit Key

(] ECDSA Authentication

Previous Next
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Verify the output file, click Next, and finally generate the hex file, see picture below.

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

A EH DD EDE L E

File Conversion: Bitstream o
Step 3 of 4: Select Output File(s)
Output Filel: C:/projects/Lattice/CertusPro-NX-RT/applications/led_brightness_project/led_brightness/impl_1/led_brightness_impl_1.mcs N
Lattice Radiant Deployment Tool R2023.1.0 Command Line A
Loading Programmer Device Database...
Generating Bitstream.....
Device Name: LFCPNX-100
Reading Input File: C:/projects/Lattice/CertusPro-NX-RT/applications/led_brightness_project/led_brightness/impl_1/led_brightness_impl_1.bit
Format: Single Intel Hex
Output File: C:/projects/Lattice/CertusPro-NX-RT/applications/led_brightness_project/led_brightness/impl_1/led_brightness_impl_1.mcs
Start generation.
Generating Intel Hex.....
Processing file C:\projects\Lattice\CertusPro-NX-RT\applications\led_brightness_project\led_brightness\impl_1\led_brightness_impl_1.bit ......
File C:\projects\Lattice\CertusPro-NX-RT\applications\led_brightness_project\led_brightness\impl_1\led_brightness_impl_1.bit processed successfully.
The file C:\projects\Lattice\CertusPro-NX-RT\applications\led_brightness_project\led_brightness\impl_1\led_brightness_impl_1.mcs was generated successfully.
Lattice Radiant Deployment Tool has exited successfully. v
Previous Generate
£ led brightness_impl_l.mcs X + = a] X
File  Edit  View oy J e @
B 53434 D
:1eee:
:1000:
8 FFFFFFFFFFFFFFFFFF Do
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFCO
;1210&1

:1000C!

: 1000
B 0
H 10
:100:
:10011000FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFEF
:1001; FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFDF
11001 F
11001
:1001!
:1001 DB. D
11001
11001 FFFFFFFF FFFFFFF
:10019000310F10432200000000000000B400000OF6
11001/
11001
:1001C 1000001
:1001( 1001000001 100FD
:1001E000000100000100000000000000000000000D
:1001F 100 FSE
11
:1002 D
:100: E
:108:
:100:
i1 4279
11
1100 E
11
:100:
11
:1002(
110020 E
11
:100: 6
B EBSB’ )
:100: D
11003,

)43AFF4AC
Ln1, Col1 2,232,351 characters Plain text 100% Windows (CRLF) UTF-8
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Below is Intel Hex Format for references.

:10016600214601360121470136007EFEQSD2196140
:100116002146017E17C20001FF5F16002148011928
:18012800194E79234623965778239EDA3FO1B2CAATY
:100138003F0156702B5E712B722B732146013421C7
:©GGOBBR1FF

D Start code D Byte count D Address D Record type D Data D Checksum

Hex
code

Record type

Description

Example

20

Data

Contains data and a 16-bit starting address for the data. The byte count specifies number of data bytes in
the record. The example shown to the right has @B (eleven) data bytes (61, 64, 64, 72, 65, 73, 73, 20, 67,
61, 70) located at consecutive addresses beginning at address 0010.

:0BO010006164647265737320676170A7

o1

End Of File

Must occur exactly once per file in the last line of the file. The data field is empty (thus byte count is @@) and
the address field is typically 0000.

:00000001FF

02

Extended Segment Address

The data field contains a 16-bit segment base address (thus byte count is always @2) compatible with
80x86 real mode addressing. The address field (typically 008) is ignored. The segment address from the
most recent ©2 record is multiplied by 16 and added to each subsequent data record address to form the
physical starting address for the data. This allows addressing up to one megabyte of address space.

:020000021200EA

23

Start Segment Address

For 80x86 processors, specifies the initial content of the CS:IP registers (i.e., the starting execution
address). The address field is @800, the byte count is always @4, the first two data bytes are the CS value,
the latter two are the IP value.

:0400000300003800C1

o4

Extended Linear Address

Allows for 32 bit addressing (up to 4GiB). The record's address field is ignored (typically 8000) and its byte
count is always @2. The two data bytes (big endian) specify the upper 16 bits of the 32 bit absolute address
for all subsequent type @0 records; these upper address bits apply until the next 84 record. The absolute
address for a type 8@ record is formed by combining the upper 16 address bits of the most recent @4 record
with the low 16 address bits of the 80 record. If a type 80 record is not preceded by any type 04 records
then its upper 16 address bits default to 0000.

:02000004FF FFFC

85

Start Linear Address

The address field is 8000 (not used) and the byte count is always ©4. The four data bytes represent a 32-bit
address value (big-endian). In the case of 80386 and higher CPUs, this address is loaded into the EIP
register.

:04000005000000CD2A
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1.2 Upload Intel Hex File to External Non-volatile Memory using Terminal

Before sending the hex file, Tera Term needs to be set to 115200 Baud rate and the following settings.

Tera Term: Serial port setup and connection X

: COM24 v
Port ‘ | New setting
Speed: 115200 v
Data: Bbit v cancel
Parity: ‘none v
Stop bits: 1 bit ~ Help
Flow control: ‘ none ~

Transmit delay

E msecichar D msecfline

Send intel hex file using ut32_can_upload.ttl and Terminal
Terminal > Control > Macro > ut32_can_upload.ttl

13 ; Open a file.

14 fileopen fhandle 'led brightness impl 1.mcs' 0
15

16 while 1

17 sfor 1 1 32

18 ; Read a line from the file.
19 filereadln fhandle line

20 if result=1 then

21 break

22 endif

23 ; Display the line.

24 sendln line

25 wait 'z'

26 swait 't4d44!

27 jwait #13

28 ibreak

29 ; Repeat until the end of the file.
30 rnext

31 endwhile

32

33

34 ; Close the file.

35 fileclose fhandle
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1.3 User code receives the hex file line by line and assembles one memory page.

Data received from the UART is parsed and saved to a buffer. Each line in the Intel Hex Format contains thirty-
two characters, which two characters combine to make one byte. The code saves 512 characters to make a page
of 256 bytes.

The 256 bytes are saved to a buffer The SPI flash controller takes the 256 bytes and writes them to the external
SPI MRAM.

else begin
revd_line ent <= 0;
send_resp val <= 2;
send resp type <= RESP_DATA;
state <= SEND_RESP;
end
end else if ( (rcvd_line cnt == 10'd8) & (rx datalé:0] == 8'h31) ) begin
eof_done <= 1'bl;
rcvd line_cnt <= 10'd4l;
end else if ( (rcvd line cnt == 10'd8) & ((rx_data[6:0] == 8'h32) || (rx_data[6:0] == 8'h33) || (rx_data[6:0] == 8'h34) || (rx_data[6:0] == 8'h35) ))
rovd line_cnt <= 10'd41;
end else begin
rovd_lins_cnt <= rovd_line_cnt + 1;
if(rcvd_line cnt >= 9 && rcvd line_cnt < 41)begin
//rx_line_valid <= 1;
if (char 2 hex == O)begin
data_8b_hi <= rx_datal6:01;
end
else begin
image page[page_ptr*2 +: 8] <= {ascii_to_hex(data_8b_hi),ascii to hex(rx datal[&:01)};
page_ptr <= page_ptr + 1;
end
char_2_hex <= ~char_2_hex;
end
end

end
SEND_RESP: begin
if( new_char check )begin

if (send_resp_type == RESP_OK)
begin
case (char_cnt) // synthesis full case
0 : tx data <= "-";
2 : tx data <= "O";
//apb_wdata_o <= 32'h100; // PAGE_PROGRAM_SIZE = 2565

init_sm cs <= ST_INIT_WRITE;
apb psel o <= 1'bl;

apb_penable o<=0;
apb_wr_rdn o <= 1'bl;

if(flash_wr_rdn) begin
apb_offset_o <= PAGE_RD_LEN 0;
page_prg_cmds <= 3'b1l10;
end
else begin
apb_offset_o <= PAGE_PRG LEN 0; //Set the page program length

page_prg_cmds <= 3'b011;
end

apb_wdata_o <= 32'h100;// PAGE_PROGRAM SIZE = 256;
data 8b_2d 32b <= 0;

page_ptr <= 0;

end
// PRGE_PRG_BUF; //Generate word data
3'b011 : begin

init sm cs <= ST_INIT WRITE;

apb_psel o <= 1'bl;

apb_penable o<=0;

apb_wr_rdn o <= 1'bl;

apb_offset o <= page ptr*4 + PAGE PRG BUF; //Generate word data
apb_wdata_o <= image pagelpage ptr+*32 +: 321;

page_ptr <= page_ptr + 1;

if(page_ptr>=64)begin
page prg cmds <= 3'b100;
//infltipzr <= init_ptr + PAGE_PROGRAM SIZE;
end
end
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1.4 SPI Flash Memory Controller Sends One Memory Page to MRAM.

The APB bus is used to directly read from or write to any memory location within the SPI flash memory
controller. It is used to define and set how SPI MRAM transactions are executed by the controller. For writing
one page to Flash, the following APB interface register accesses were used to perform this transaction:

Register write to ‘Ox040’ with ‘32-bit flash address’.

Register write to ‘Ox044’ to set the Flash Addressing mode to 32-bits.

Register write to ‘0x104’ to set the page program length.

Register write to ‘Ox200’ to set the Page Program Buffer register.

Finally, register write to ‘Ox000’, Page Program register, to write the page to MRAM.

ik wNRE

" case (page_prg_cmds[2:01)
// SPI_ADDR BYTEO; //Set the spi flash address
3'b000: begin
init_sm_cs <= ST_INIT_WRITE;
apb_request_o <= 1'bl;
apb_wr_rdn o <= 1'bl;
page_prg_cmds <= 3'b001;
apb_offset_o <= SPI_ADDR BYTEQ; //Set the spi flash address
apb_wdata_o <= init_ptr;//32'h00;
end
// core Volts on ADCO
3'b001: begin
init_sm cs <= ST_INIT_WRITE;
apb_request_o <= 1'bl;
apb_wr_rdn o <= 1'bl;
page_prg_cmds <= 3'b010;
apb_offset_o <= SPI_ADDR MODE; //Set the flash addressing mode to 24-bit or 32-bit mode
apb_wdata_o <= 32'h01;
end
// SPI_ADDR_MODE; //Set the flash addressing mode to 24-bit or 32-bit mode
3'p010: begin
//page_prg_cmnds <= 3'b011;
//apb_offset_o <= PAGE_PRG_LEN 0; //Set the page program length
//apb_wdata_o <= 32'hl100; // PAGE_PROGRAM SIZE = 256;
init_sm cs <= ST_INIT_WRITE;
apb_request_o <= 1'bl;
apb_wr_rdn o <= 1'bl;

page_prg_cmds <= 3'b011;

apb_offset_o <= PAGE_PRG_LEN 0; //Set the pags program length
apb_wdata_o <= 32'h100;// PAGE_PROGRAM SIZE = 256;
data_8b_2d 32b <= 0;

page_ptr <= 0;

//tx_ready <= 1;

end

// PRGE_PRG_BUF; //Generate word data
3'p011 : begin

init_sm_cs <= ST_INIT_ WRITE;

apb_psel o <= 1'bl;

apb_penable o<=0;

apb_wr_rdn o <= 1'bl;

apb offset o <= page ptr*4 + PAGE PRG BUF; //Generate word data
apb_wdata_ o <= image_pagelpage ptr*32 +: 321;

page_ptr <= page ptr + 1;

if(page_ptr>=64)begin

page_prg_cmds <= 3'b100;
//init_ptr <= init_ptr + PAGE_PROGRAM SIZE;
end
end
3'b100 : begin

init_sm cs <= ST_INIT_WRITE;
apb_request_o <= 1'b1;
apb_wr_rdn o <= 1'bl;

page_prg_cmds <= 2'b000;
apb_offset_o <= PAGE_PRG; //Run the page program in SPI interface
apb_wdata o <= 32'h0l; // PAGE_PROGRAM SIZE = 256;
init_last <=1;
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Creating User Code Project with Radiant Software

Launch Radiant Software L&
From the File menu, select New > Project....

Specify the project name as test_flash_ip_to_mram, navigate to the location of your choice and click Next, see
figure below.

New Project X |

Project Name
Enter a name for your project and specify a directory where the project data files will be stored.

Project:
Name: test_flash_ip_to_mram
Location: = C/projects/Lattice/External_ Memory/2025_2/Flash_IP_MRAM_Final ¥ | Browse..

Project will be created at C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final/test_flash_ip_to_mram Create subdirectory

Implementation:

Name: impl_1

Location: = C/projects/Lattice/External Memory/2025 2/Flash IP_MRAM_Final/test flash_ip_to_mram/impl_1

< Back Next > Cancel Help
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Select Add Source... and click Open, see picture below, click Next.

New Project X |

Add Source
Add HDL, constraint or other files.

Source files: Add Source...

C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final/src/APB_module.v
C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final/src/debounce.v
C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final/src/dp_ram_fifo.v
C:/projects/L attice/External_Memory/2025_2/Flash_IP_MRAM_Final/src/uart_rx.v
C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final/src/uart_tx.v
C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final/src/user_cod_top.v

Copy source to implementation source directory

Create empty constraint files

< Back Next > Cancel Help
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Select the appropriate device, click Next and choose Sinplify Pro; click Next and Finish, see picture below.

New Project X |

Select Device
Specify a target device for the project.

Select Device: Device Information:
Family: Device: Core Voltage: 1.00 V [
iCEAOUP (iCE40 UltraPlus) LFCPNX-50 Logic Cells: 96000
LAV-AT (Avant) LFCPNX-100 LUTs: 79872
LFCPNX (CertusPro-NX) Registers: 79872
LFD2NX (Certus-NX) T T o
LFMXO4 (MachX04) ocks:
LFMXO5 (MachXO5-NX) LRAM: 7
LIFCL (CrossLink-NX) DSP (18x18 Multiplier): 156
LN2-CT (Certus-N2) ADC Blocks: 1
PLLs: 4
DLLs: 2
1 L PCSs: 2
Operating Condition: Package: ALUs: 1
Commercial v LFG6T2 - DPHYs: 0
Performance Grade: PIO Cells: 299
PIO Pins: 299
9_High-Performance_1.0V -
Part Number:
LFCPNX-100-9LFG672C -
Online Data Sheet for Device
< Back Next > Cancel Help
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The initial project with provided files should look like the figure below.

Lattice Radiant Software -[C/projects/Lattice/External Memory/2025_2/Flash_IP_MRAM_Final1/test_flash_ip_to_mram/test_flash_ip_to_mram.rdf] - Source Editor - C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final1/src/user_code_top - o X
Fle Edit View Project Tools Window Help

-&8-B D¢ & Qaea B all eo0elEERMBsOCOREBSBSE

Synthesize Design \ Map Design \ Place & Route Design \ Export Files \ e Design completed with warning.
Q- Find Text. 2 x 1) Start Page L Report Browser 7 user_code top.v < 7 vart_txv 2
) * -
Jr
+ [E] test_flash_ip_to_mram 18 */
49 module user_code_top(
i LFCPNX-100-9LFG672C 3 Topuc wire WElX,
. 2 51 ut wire clk,
[ Strategies 52 wire resetn,
[&] Area
[=] Timing output wire [7:0] TEST_GPIO_OUT,
5 output wire [7:0] TEST URRT, //uart test signals
[2 strategy1 = !
« [ impl_1 (Synplify Pro) 58 /111111111111TX pores//1//111111111]
- 59 i_tx_data,
* {7 Input Files - T I_tx_data_valid,
o © ial,// s 1 data t
[ fsrcfuser_code topv 1 o_ux serial, /7 sexial data
[34) /src/APB_module.y
%) /src/debouncey 5 70111711111118% poxes//11/11111/1/11
= ) wire i_rx_serial, //Serial data received
[38) /src/dp_ram_fifov o ut wire [7:0] o rx d
) Jsrcuart ncv 8 T wire Cdata valid
[t /srefuart_tev 70 wire DIP_SW4,
= 4] dpram/dpram.ipx 72 output wire sclk o,// SCK from Master
3 output wire ssn o, // Chip Select from Master
» [ RTL Files 74 t wire wpj_0,// Write protect from Master
» [ Constraint Files 5 input wire miso_i, // Slave data output
76 output wire mosi o // input
» [ Testbench Files 4
[ dpram.cfg
+ ) spi_flash_ctrl0/spi_flash ctrl0.ipx ! parameter FIFO_DEPTH = 512; //Same value as the DPRAM IP's Address dep
» [ RTLFiles 82 localparam PAGE_PROGRAM SIZE = 256;
» 7 Constraint Files 8 localparam S_AHB_ADR WIDTH
» [ Testbench Files 85 localparam S_AHB_DAT_WIDTH
» [ Driver Files 87 C_APB_ADR_WIDTH
5 . CTAPB_DAT WIDTH
[Z] spi_flash_ctrlo.cfg -
v L) pll20/pIL20ipx s systen clock inpuc
» (7 RTLFiles 92 //wire Active High system reset
= . .| 3 //wire £
» Canstraint Filas 2 /wire -
~ 1} user_code_top - user_code_top.v x ||l 2
I} vart tx(tx) - vart_txv T ~ @ERRORO 4 CRITICAL: 2 WARNING: 509 @ INFO:393 | ' GroupbyID = Search [Eali

1E vart_x(rx) - vart_rxv
» 1F spi_flash_ctrlo(u_spi_flash_ctrl0) - spi_flash_ctrl0y
» 1F pll_20(u_pll_20) - pll_20.v
» 1} dp_ram_fifo(dp_ram_fifo_tx) - dp_ram _fifo.v

~ Project (1 riticals, 146 warnings)
» AL 1026001 WARNING - Ci/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM._Final1/constraints/non_versa_evb.pdc (18) : No port matched 'LED[O]'. [non versa evb.pdc:18)
» AL 1027013 WARNING - No port matched ‘LED[O]'.

4 52281053 CRITICAL - There is no set_clock_uncertainty constraint on the PLL clock output 'CLKOS4' of instance 'u_pll_20/Iscc_pll_inst/gen_no_refclk_mon.u_PLLPLL_inst'. Please see FPGA-AN-02059-1.0 - Lattice Radiant

B debounce(debounce inst) - debouncey Timing Constraints Methodology for further detail.
APB_module(apb_module_inst) - APB_module
J APB_module(apb_module inst) - APB_modulev 1011001 WARNING - Remove invalid constraint ‘create_generated_clock -name {u_spi_flash_ctrl0_spi_clk] -source [get_pins u_pll_20.lscc_pll_inst.gen_no_refclk_mon.u_PLLPLL inst/CLKOS4] -divide_by 8 [get_pins
u sni flash ctrl0/Isce spi flash inst/un5 spi clk ¢7/71' .

O FileList [ Source Template & IP Catalog & T Console E Output E Find Results &1 Message

4350 Centennial Blvd., Colorado Springs, CO 80907 e frontgrade.com e sales@frontgrade.com Page 14 of 29
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Version #:1.0.0 4/7/2026

2.1 SPI Flash Controller IP

From the IP Catalog Architecture Modules, add a SPI Flash Controller IP module with the options shown below
and name it spi_flash_ctrl0, see picture below.

~ Module/IP Block Wizard x

Configure Component from IP spi_flash_controller Version 2.0.0
Set the following parameters to configure this component.

Diagram spi_flash_ctrl0 Configure spi_flash_ctrl0:

Property Value

Enable Page Program Buffer
Enable Page Read Buffer
Page Program Buffer Memory Type EBR
Page Read Buffer Memory Type EBR
Page Buffer Interface APB

Sp|_ﬂaSh_Ctr|O Control Base Address [0x80000000 - OxFFFFF800] | 32°h80000000
s N TEmhsengs

Page Size 256
— A\H B I__SO Flash Memory Map Size (KB) 1024
SCLK Rate [0 - 15] 4
w{|==IAPB SO mosi_o— SCLK Polarity 0
SCLK Phase 0
—{ahbl hclk i sclk ol— First Transmitted Bit MSB
- - ChammdComtolbes
—ap b_pd k_l SS_N_Of— Data Port AHB Address Width 32
Data Port AHB Data Width 32
1 mISO_i ij_o | Data Port AHB Data Byte Endianness little-endian
Control Port APB Address Width 1
1 rst i Control Port APB Data Width 32
- SPIFlshCommandOpeodes
\_ J Slow Read 8'h03
spi_flash_controller st e oo
- - Page Program 8'h02
Block Erase Type 1 8'h20
Block Erase Type 2 8'h52
Block Erase Type 3 8'hd8
Chip Erase 8'h60
Write Enable 8'h06
Write Disable 8'ho4
a 5 T Read Status Register 8'h05 .
User Guide No DRC issues are found.
< Back Generate Cancel
4350 Centennial Blvd., Colorado Springs, CO 80907 e frontgrade.com e sales@frontgrade.com Page 15 of 29
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Once the spi_flash_ctrl0 options are entered, click the Generate button to start the creation of the module. On
the next screen, click the Finish button to complete the creation of the module.

Once the spi_flash_ctrl0 is created, it is added to the project files, see picture below.

Lattice Radiant Software -[C/projects/Lattice/External Memory/2025_2/Flash_IP_MRAM _Final1/test_flash_ip_to_mram/test_flash_ip_to_mram.rdf] - Source Editor - C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final1/src/user_code_top - o X
Fle Edit View Project Tools Window Help

B-E-B D C « areea @ZEr Al o0 EEB Y GORERBRSBSE
» Synthesize Design ‘ . Map Design ‘ . Place & Route Design ‘ . Export Files ‘ y Synthesiz

mpleted with warning.

Q- Find Text. 2 x 1) Start Page L Report Browser 7 user_code top.v < 7 vart_txv 2
; L = =
- test_flash_ip_to_mram Al 4g */
49 module user_code_top
£ LFCPNX-100-9LFG672C : fre melk,
~ [ Strategies - / ¢ wire clk,

[&] Area

[=] Timing 55 output wire [7:0] TEST_GPIO_OUT,
56 output wire [7:0] TEST_UART, //uart
[/ strategy1 N =
« 7% impl_1 (Synplify Pro) 111111111111 1T%
+ £ Input Files k- T tx daca valid,
N /1 s 1 to tra
) fercfuser.code_topr efial data nsmit

%) /src/APB_module.y
[33) /src/debouncey
23] /src/dp_ram_fifov S

58 /src/uart v
[14) /src/uart ey

™ 4] dpram/dpram.ipx 72 output wire sclk_o,// SCK fr
3 output wire ss_n_o, // Chip

> i R Fies 7 output wire w53 5,/ urite prot

» [ Constraint Files 5 input wire miso_i, // Slave data

output wire mosi_o // Slave data input

b {7 Testbench Files { 7
dpram.cfc
48} spi_flash_ctrlo/spi_flash_ctrl0.ipx M parameter FIFO_DEPTH = 512; //Same value as the DPRAM IP's Address depth

» [ RTLFiles
» [ Constraint Files
» 77 Testbench Files
b 7 Driver Files
2] spi_flash_ctrlo.cfg
~ [} pI_20/pll_20.ipx

82 localparam PAGE_PROGRAM SIZE = 256;

ram S_RHB ADR WIDTH
ram S_AHB_DAT_WIDTH

m C_APB_ADR_WIDTH = 11;
ran C_APB_DAT WIDTH = 32;

//SPT 10 In

ace signals

91 //wire
» [ RTLFiles 92 //wire
» £ Constraint Eiles -l Sa e
~ 1} user_code_top - user_code_top.v x ||l
ZF vart () - vart_tev T ~ @ERRORO 4 CRITICAL: 2 WARNING: 509 @ INFO:393 | ' GroupbyID = Search

1E vart_x(rx) - vart_xv
» 1F spi_flash_ctrlo(u_spi_flash_ctrl0) - spi_flash_ctrl0.y
» 1 pll_20(u_pll_20) - pll_20.v
» 1} dp_ram_fifo(dp_ram_fifo_tx) - dp_ram _fifo.v

£ debounce(debounce_inst) - debounce

£} APB_module(apb_module_inst) - APB_module.v

O FileList [ Source Template

4350 Centennial Blvd., Colorado Springs, CO 80907 e frontgrade.com e sales@frontgrade.com

Project (1 criticals, 146 warnings)

»

v 1027013 WARNING - No port matched ‘LED[0]'.

1026001 WARNING - C:/projects/Lattice/External_ Memory/2025_2/Flash_IP_MRAM_Final1/constraints/non_versa_evb.pdc (18) : No port matched 'LED[0]'. [non versa evb.pdc:18]

52281053 CRITICAL - There is no set_clock_uncertainty constraint on the PLL clock output ‘CLKOS4' of instance 'u_pll_20/Iscc_pll_inst/gen_no_refclk_mon.u_PLLPLL inst'. Please see FPGA-AN-02059-1.0 - Lattice Radiant

A
Timing Constraints Methodology for further details.
, 4. 1011001 WARNING - Remove invalid constraint ‘create_generated_clock -name {u_spi flash_ctrl0_spi_clk} -source [get_pins u_pll 20.Iscc_pll_inst.gen_no_refclk mon.u_PLLPLL inst/CLKOS4] -divide_by 8 [get pins
u soi flash ctri0/lscc soi flash inst/unS soi clk c7/71"
& Tel Console E Output E Find Results &1 Message
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2.2PLLIP

From the IP Catalog Architecture Modules, add a PLL module with the options shown below and name it pll_20,
see picture below.

|2 Module/IP Block Wizard x

Configure C from

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

P

Diagram pll_20 Configure IP
General Optional Ports
Property Value -
CLKI: Frequency (MHz) [18 - 800] 125
Phase Detector Frequency (MHz) [18 - 500] 25
Enable Reference Clock Monitor |
p | I 20 CLKFB: Feedback Mode INTCLKOP
— CLKFB: FBK Divider Actual Value (Integer) [1 - 128] 4

CLKOP: Bypass ]
c I ko p O CLKOP: Frequency Desired Value (MHz) [10 - 800] 100

] Cl ki_i CLKOP: Divider Actual Value [1-128] 3
Cl kos4 oO— CLKOP Tolerance (%) 00

. CLKOP: ERROR (PPM) -
- | rstn_l CLKOP: Enable Trim for CLKOP M
lock_o—

CLKOS: Enable |

. v

p | | CLKOS2: Enable |
CLKOS3: Enable O
CLKOS4: Enable
CLKOS4: Bypass ]

CLKOS4: Frequency Desired Value (MHz) [6.25 - 800] | 20

CLROUS4A. Div

ctual Value [1-128]

FLVACA Trla 1023 nn A

-
] S Calculate

User Guide No DRC issues are found.

Generate Cancel

A )

4350 Centennial Blvd., Colorado Springs, CO 80907 e frontgrade.com e sales@frontgrade.com Page 17 of 29
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Once the PLL options are entered, click the Generate button to start the creation of the module.

ON the next screen, click the Finish button to complete the creation of the module.

Once the PLL is created, it is added to the project files, see picture below.

Fle Edit View Project

G-@B 9C A

Tools Window Help

> Svsie i |+ [l Mop0wsion | [l locesrowe vesign | [l oporries |

Q- Find Text

- test_flash_ip_to_mram
a LFCPNX-100-9LFG672C
+ [ Strategies
[=] Area
Timing
[/ strategyl
+ [ impl_1 (Synplify Pro)

* [ Input Files
./src/user_code_top.v
/src/APB_module.y
/src/debounce.y

Jsrc/dp_ram fifo

EEEE

Jsrc/uart_rxy
[tg) /src/uart_txv
4] dpram/dpram.ipx
» (7 RTLFiles
» [ Constraint Files
» [ Testbench Files
[£] dpram.cfg
[48] spi_flash_ctrl0/spi_flash_ctrl0.ipx
b {7 RTL Files
» [ Constraint Files
» [ Testbench Files
» [ Driver Files

‘| spi_flash ctrl0.cfg
- | pil20/ x

» [ RTLFiles
» 77 Constraint Filac

4

“

= 1 user_code_top - user_code_top.y
1F vart_tx(tx) - uart_txv

Lattice Radiant Software -[C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM _Final1/test_flash.ip_to_mram/test_flash_ip_to_mram.rdf] - Source Editor - C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final1/src/user_code_top.y - 8 x
Qe I ALl e0eNEBEEEB Yy GORBERBRSBSE
Synthesize Desig with warning
2 x ) Start Page [ Report Browser |7 user_code_top.v [ vart txv 12
) L
= 4 */
4o module user_code_top(
Si i mclk,
t wire clk,
2 < wire resetn,
output wire [7:0] TEST_GPIO_OUT,
output wire [7:0] TEST_UART, //uart test signals
> JI1100000111111
o
I_tx_data_valid
1 Serial data to transmit
RY 11111011111
i_rx_serial, //Serial data received
3 ssn o, // Chip Select from Master
/1 Write protect from Master
i, // Slave data outp:
cutput wire mosI o // Slave data inpu
):
parameter FIFO DEPTH = 512; //Same value as the DFRAM IP's Address depth
2 localparam PAGE_PROGRAM SIZE = 256;
//SPT 10 Interface signals
//wire : // System clo input
92 /haire : // hctive B m reset input
Jl oo //vire 17 scx
//wire // Chip m Master v
x /[« - »
T v @ERROR:0 4 CRITICAL2 | WARNING:509 = © INFO:393 | ' GroupbyID | Search 2 x

TF vart_x(m) - vart_ney
+ £ spi_flash_ctrl0(u_spi_flash_ctrl0) - spi_flash_ctri0.v
v pll_20(u_pll_20) - pll_20v
+ £ dp_ram_fifo(dp_ram_fifo_tx) - dp_ram_fifo.y

1E debounce(debounce_inst) - debouncey

1 F APB_module(apb_module_inst) - APB_module.v

O File List E Source Template & IP Catalog

4350 Centennial Blvd., Colorado Springs, CO 80907 e frontgrade.com e sales@frontgrade.com

~ Project (1 criticals, 146 warnings)

v

»

1026001 WARNING - C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final1/constraints/non_versa_evb.pdc (18) : No port matched "LED[O]'. [non versa evb.pdc:18]
1027013 WARNING - No port matched LED[O].
52281053 CRITICAL - There is no set_clock_uncertainty constraint on the PLL clock output 'CLKOS4" of instance 'u_pll_20/Iscc_pll_inst/gen_no_refclk_mon.u_PLLPLL inst'. Please see FPGA-AN-02059-1.0 - Lattice Radiant

a

Timing Constraints Methodology for further details.

1011001 WARNING - Remove invalid constraint 'create_generated_clock -name {u_spi_flash_ctrl0_spi_clk} -source [get_pins u_pll_20.Iscc_plL_inst.gen_no_refclk_mon.u_PLLPLL inst/CLKOS4] -divide_by 8 [get_pins

u sni flash ctrl0/lsce soi flash inst/unS soi clk ¢7/77' n
B Tcl Console E Output E Find Results &1 Message

Page 18 of 29
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2.3 Compile Design Using Radiant Software

From the Project File List, right click on user_code_top.v and set is as Set Top-Level Unit, see picture below.

Lattice Radiant Software -[C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM _Final1/test_flash_ip_to_mram/test flash_ip_to_mram.rdf] - Source Editor - C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final1/src/user_code_top.v

Fle Edit View Project Tools Window Help

¢-E-A VC & eaeaaeaa BH f e EEwWEBRBORERBRGSBSE
| . Synthesize Design ‘ . Map Design ‘ . Place & Route Design ‘ . Export Files ‘

ze Design completed with warning.

Q-+ Find Text. 2 x 1) Start Page L Report Browser 7 user_code_top.v x 7 vart_txv 2
il
v [ test_flash_ip_to_mram all a8 */
49 module user_code_top
£ LFCPNX-100-9LFG672C 5 inpuc wire melk,

t wire clk,
wire resetn,

* [ Strategies

[&=] Area 53

[&=] Timing ocutput wire [7:0] TEST_GPTO_OUT,
Strategyl output wire [7:0] TEST UART, //uart test signals
~ (2 impl_1 (Synplify Pro) s//1101101111711
o i_tx_data,
* {7 Input Files - I_tx_data_valid,
e output wire ©o_tx serial,// Serial data t
] w/srefuser_code top.v 5 Jloutout wire - 3t ready,

[13) ./src/APB_module
[tg) ./src/debouncev

ts//1111111111171
i rx_serial, //Serial data received

1) /src/dp_ram_fifov B
[13) /src/uart v |l

[14) /src/uart_txy input wire DIP_SW4,

]

72 output wire sclk o,// SCK from Master

[} dpram/dpram.ipx
hip Select from Master

ocutput wire

» [ RTL Files o rbar wire
» [ Constraint Files 75 input wire
6 output wire
» [ Testbench Files ¥
1) dpram.cfg © |
= |} spi_flash_ctrl0/spi_flash_ctrl0.ipx n 8 parameter FIFO_DEPTH = 512; //Same value as the DPRAM IP's Address depth
» [ RTLFiles 82 localparam PAGE_PROGRAM SIZE = 256;
» (77 Constraint Files localparam S_AHB_ADR WIDTH
+ [ Testbench Files localparam S_AHB_DAT_WIDTH
» [ Driver Files localparam C_APB ADR WIDTH = 11;
[Z] spi_flash_ctrlo.cfg =
~ Ll pll20/pll 20ipx /haire // System clock input
» (77 RTL Files //wire // Active High system reset inpu
= . S| @3 //wire // SCK from Mas
» Constraint Filas Y //wire ; // Chip Selec -
+ 4k user_code t er (I - 3
IF vart tx(tx) - vart T ~ @ERRORO 4 CRITICAL: 2 WARNING: 509 @ INFO:393 | ' GroupbyID = Search [Ealb
B vart (o) - uarg ~ Project (1 criticals, 146 warnings) 3
» 1k spiflash_ctrlo(u_:  Verilog Test Fixture Declarations
T » 4L 1026001 WARNING - C/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM._Final1/constraints/non_versa_evb.pdc (18) : No port matched "LED[O]'. [non versa evb.pdc:18)

» I pll_20(u_pll 20) - Verilog Test Fixture Template
» AL 1027013 WARNING - No port matched ‘LED[O]".

. 52281053 CRITICAL - There is no set_clock_uncertainty constraint on the PLL clock output ‘CLKOS4' of instance 'u_pll_20/lscc_pll inst/gen_no_refclk_mon.u_PLLPLL inst'. Please see FPGA-AN-02059-1.0 - Lattice Radiant
£ debounce(debou  gypand All ) ] b
P Timing Constraints Methodology for further details.
ZF APB_module(apb  Coflapse All ) ) .
P , 4. 1011001 WARNING - Remove invalid constraint ‘create_generated_clock -name {u_spi_flash,_ctrl0_spi_clk} -source [get_pins u_pll 20.scc_pll_inst.gen_no_refclk mon.u_PLLPLL inst/CLKOS4] -divide_by 8 [get_pins
u sni flash ctrl0/Isce spi flash inst/un5 spi clk ¢7/71'
O FileList [ Source Template & IP Catalog & T Console E Output

» ZF dp_ram fifo(dp_r  Unset Top-Level Unit

] Message

4350 Centennial Blvd., Colorado Springs, CO 80907 e frontgrade.com e sales@frontgrade.com Page 19 of 29
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Synthesize the design by clicking on the Synthesize Design arrow, see figure below.

Lattice Radiant Software -[C/projects/Lattice/External Memory/2025_2/Flash_IP_MRAM_Final1/test_flash_ip_to_mram/test_flash_ip_to_mram.rdf] - Source Editor - C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final1/src/user_code_top - o X
Fle Edit View Project Tools Window Help

-EF-B DC A Qaea B anll eo0elEERMBsOREBSBSHE

Synthesize Design | Place & Route Design | Exportfiles | [% Synthesize Design completed with warning

Q-+ Find Text. 2 x 1) Start Page L Report Browser 7 user_code_top.v x 7 vart_txv 2
7 - 5
il

v [ test_flash_ip_to_mram =l 48 */
49 module user_code_top (

£ LFCPNX-100-9LFG672C 5 inpuc wire melk,

51 /71 t wire clk,

+ [ Strategies -
[&=] Area
[=] Timing

inp

wire resetn,

ocutput wire [7:0] TEST_GPIO_OUT,
output wire [7:0] TEST UART, //uart test signals

1111171117111T% B

s//1111111111111

i_tx_data,

* {7 Input Files - T I_tx_data_valid,
e output wire o_tx_serial,// Sefial data ©
%] ./src/user_code top.v 2 //output wire _tx_ready,
%) /src/APB_module.y
%) /src/debounce.y 5 J1111111111118% poxes//11/11111/1/1]
= ) 6 i wire i_rx serial, //Serial data received
s} -/src/dp_ram_fifo.v 7 ut wire [7:0] o rx data,
) Jsrcuart ncv 8 T wire o rx_data valid
[14) /src/uart ey 7 wire DIE_SW,

= ) dpram/dpram.ipx 72 output wire sclk o,// SCK from Master
3 output wire ssn o, // Chip Select from Master
» [ RTL Files 74 t wire wpj_0,// Write protect from Master
» [ Constraint Files 5 input wire misoi, // Slave data cutput
76 output wire mosi o // nput
» [ Testbench Files 4 7
[=] dpram.cfg
+ ) spi_flash_ctrl0/spi_flash ctrl0.ipx ! parameter FIFO_DEPTH = 512; //Same value as the DPRAM IP's Address dep

» [ RTLFiles 82 localparam PAGE_PROGRAM SIZE = 256;
» [ Constraint Files 8 localparam S_AHB_ADR_WIDTH

» [ Testbench Files localparam S_AHB_DAT_WIDTH

» [ Driver Files -
2] spi_flash_ctrlo.cfg

C_APB_ADR_WIDTH
C_APB_DAT_WIDTH

= ; ce signals
) plL_20/pl_20.ipx - ey ek o
» [ RTLFiles 92 Active High system reset
3 //wire o
b £ Conctraint Filac - 5 e o
= i} user_code_top - user_code_top.v x |l 2
ZF vart () - vart_tev T ~ @ERRORO 4 CRITICAL: 2 WARNING: 509 @ INFO:393 | ' Group by ID | Search 2 x
F vart () - vart ~ Project (1 criticals, 146 warnings) H
» £F spi_flash_ctrlo(u_spi_flash_ctrl0) - spi_flash_ctrl0:
3 spiflash_ctrl0(u_spi_flash_ctrl0) - spi_flash_ctri0v » 1026001 WARNING - C:/projects/Lattice/External Memory/2025_2/Flash_IP_MRAM_Final1/constraints/non_versa_evb.pdc (18) : No port matched 'LED[O]'. [non versa evb.pdc:18]
» 1_20(u_pll_20) - pll_20
P P P 3 1027013 WARNING - No port matched ‘LED[0]".
» 1} dp_ram_fifo(dp_ram_fifo_tx) - dp_ram _fifo.v
1 52281053 CRITICAL - There is no set_clock_uncertainty constraint on the PLL clock output ‘CLKOS4' of instance 'u_pll_20/lscc_pll_inst/gen_no_refclk_mon.u_PLLPLL inst. Please see FPGA-AN-02059-1.0 - Lattice Radiant
£} debounce(debounce_inst) - debounce ¢ ! '
Timing Constraints Methodology for further detail.
£} APB_module(apb_module_inst) - APB_module o ) ! ! ) -
, ., 1011001 WARNING - Remove invalid constraint ‘create_generated_clock -name {u_spi_flash_ctrl0_spi_clk} -source [get_pins u_pll_20scc_pll_instgen_no_refclk_mon.u_PLLPLL inst/CLKOS4] -divide_by 8 [get_pins
u soi flash ctrl0/iscc soi flash inst/uns soi clk c7/77. -

O FileList [E] Source Template & IP Catalog & Tl Console E Output E Find Results &1 Message
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2.4 Pin Assignment (Device Constraint Editor)

Add the provided non_versa_evb.pdc constraint files to its respective folder, see picture below.

Lattice Radiant Software -[C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM _Final1/test_flash_ip_to_mram/test flash_ip_to_mram.rdf] - Source Editor - C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final1/src/user_code_top.v

File  Edit Project Tools Window  Help

¢-=-A 9

View

~ QQaaqQ

BB a ceEmEBLUORERBRSBSE

| 2 . Synthesize Design | . Map Design | . Place & Route Design | . Export Files |

Q~ Find Text..

[t /src/dp_ram fifo.y
[ta) /src/uart v
i3] /src/uart_txv
= [} dpram/dpram.ipx
» [ RTLFiles
» (7 Constraint Files
» [ Testbench Files
[=] dpram.cfg
=[] spi_flash_ctrl0/spi_flash_ctrl0.ipx
b [ RTL Files
» [ Constraint Files
» [ Testbench Files
» (7 Driver Files
[] spi_flash_ctrl0.cfg
=[] pll_20/pll_20.ipx
b {7 RTLFiles
b [ Constraint Files
b [ Testbench Files
[ pli_20.cfg
(9 Pre-Synthesis Constraint Files
(7] Post-Synthesis Constraint Files

El

| 1] ../constraints/non_versa_evb.pdc

7 Debug Files

9 Script Files

7 Analysis Files

9 Programming Files

Il

L source/impl_1.xcf

+ 1} user_code_top - user_code_topv
IF vart_tx(tx) - vart_txv
1F vart_x(rx) - vart_xv
» 2 E spi_flash_ctrlo(u_spi_flash_ctrl0) - spi_flash_ctrl0.v
» 1F pll_20(u_pll_20) - pll_20.v
» 1} dp_ram_fifo(dp_ram_fifo_tx) - dp_ram _fifo.v
1} debounce(debounce_inst) - debounce.

£} APB_module(apb_module_inst) - APB_modulev

O File List E Source Template # IP Catalog

7 Start Page

L

T -

[ Report Browser 7 user_code top.v x [ vart txv

module user_code_top(
input wire mclk,

t wire clk,

wire resetn,

TEST_GPIO_OUT,
TEST_UART, //uart test signals

output wire [7:0]
output wire [7:0]

s//1111111111111
i_tx_data,

T 1_tx_data valid,
o_tx_serial,// serial data t
T o_tx_ready,

output wire
//output wire

ts//1111111111171
i rx_serial, //Serial data received

input wire

DIP_SWe,

sclk o,// SCK from Master

output wire
hip Select from Master

ocutput wire
output wire
input wire
output wire

parameter FIFO_DEPTH = 512; //Same value as the DPRAM IP's Address depth

localparam PAGE_PROGRAM SIZE = 256;

localparam S_AHB ADR_WIDTH
localparam S_AHB_DAT WIDTH

localparan C_APB ADR WIDTH = 11;

// System clock input
// Active High system reset inpu
// SCK from Ma
; // Chip select

//wire
//vire
//wire

 ERROR: 0

//wire

qe——

A CRITICAL:2 | /- WARNING: 509 = @ INFO:393 8 GroupbyID ~ Search

~ Project (1 riticals, 146 warnings)

»

»

&3 Tl Console

1026001 WARNING - C:/projects/Lattice/External_ Memory/2025_2/Flash_IP_MRAM_Final1/constraints/non_versa_evb.pdc (18) : No port matched 'LED[0]'. [non versa evb.pdc:18]

1027013 WARNING - No port matched ‘LED[0]'.

Timing Constraints Methodology for further details.

4/7/2026

ze Design completed with warning.

3

4 52281053 CRITICAL - There is no set_clock_uncertainty constraint on the PLL clock output 'CLKOS4' of instance 'u_pll_20/Iscc_pll_inst/gen_no_refclk_mon.u_PLLPLL_inst'. Please see FPGA-AN-02059-1.0 - Lattice Radiant

1011001 WARNING - Remove invalid constraint ‘create_generated_clock -name {u_spi_flash_ctrl0_spi_clk} -source [get_pins u_pll_20.Iscc_pll_inst.gen_no_refclk_mon.u_PLLPLL inst/CLKOS4] -divide_by 8 [get_pins

u sni flash ctrl0/Isce spi flash inst/un5 spi clk ¢7/71'
E Output

] Message
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Once the design has been synthesized, use the Device Constraints Editor option of the Tools drop down menu to
confirm the pin numbers to their respective signals, see picture below.

['] Device Constraint Editor

File

o

“HEB @& F

eE@ED = @

Edit  View Design

QQaae

Window  Help

Q- Find Text.
» 2 Ports
» % Instances(162)
» ;5 Nets
Name
~ 5= All Port
~ [ Input
> (@ Clock
& malk
[ DIP_SW4
T i_rx_serial
[ miso_i
[ resetn
~ < Output
1 TEST_GPIO_OUT(0]
4
Y Filter Port Pin Global

Bottom View : LFCPIX-100-LFG672

225242520 N9V R0 9 8 7 6543 21
L EEEEEEE EEE EEEEEE EEEEEE
HEEEEEEECREEEEEEEECEEEEEEEEE
QEEEEE EEEEEEEEEREEEEE EEEEEE
o EEEEEEEEEEEEEEEEEEEEEEEEEE
QEIEIE EEEEEE] CEEEEEEEEEEEEEE
HEIEE EEEE EIEE]
HIEEIEEEEEE [E]e][E]
w08 @O E| O[O0
2 IOIOIOIOIOICHOIO! (=[] ]
« DIOIOEEIOOO] LICIE
+ DIDOIOOCIO0) @[E]E)
NsEEEE SOIO[0)
« DIEDI0] @elel
» OIOICTOI SO0 (0] (=]
= DIOEEOOO0! @ =
T OIOOIOICIIC [E] 0
« DRCOO=EODIE ]
=] ][] ] @& (@ @] [

Li®) (@[] ] &[] ] ] =) ] ElE]E
MEEEEEEEEEE m ElE=]
~BELLLE S S S 0 ElE]=
P i ) ] ) O JE]
P 5 ] ) o ) o ) ) 1 (] C=(]
L ) 5] ) ) ) 5 ) 5 5] 5] ] ) ) | ] [ S 5]
1 5 o 5 ) 5 55 . 5 ) ) ) o 5 5 o o ) 5
A ICoOEECEEESDCEOOOREn0CIOE

GroupBy  Pin  BANK  IOTYPE  CLAMP  DIFFDRIVE  DIFFRESISTOR

N/A N/A - N/A N/A N/A N/A N/A

N/A N/A - N/A N/A N/A N/A N/A

N/A N/A - N/A N/A N/A N/A N/A

N/A N2s 7 LVCMOS33 | ON NA OFF

N/A 2 0 LVCMOS33 | ON NA OFF

N/A [FR LVCMOS33 | ON NA OFF

N/A H6 0 LVCMOS33 | ON NA OFF

N/A B0 LVCMOS33 | ON NA OFF

N/A N/A - N/A N/A N/A N/A N/A

N/A AF15 4 LVCMOS33 | OFF NA OFF

S0

DRIVE
N/A
N/A
N/A
NA
NA
NA
NA
NA
N/A

8
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GLITCHFILTER
N/A

N/A

N/A

ON

ON

ON

ON

ON

N/A

OFF

i

&1

~ Eal

Visible Banks

All PIOs

No-Connect

Test and Programming/Configuration
SERDES

Power Supplies

[<B<B<N<N<§<]

Selection Attributes Incompatible Pins
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After the particular design has been synthesized, select the following Global settings, see picture below.

["] Device Constraint Editor - o X
File Edit View Design Window Help o
B 95C QQaQaQ
M| [Q~ Find Text. Name - Value SrEa
=, . » [ Visible Banks
[ | = ports Junction Temperature(T)(C) 85 , AllPIOS
g 5% Instances(4248) Voltage (V) 095 No-Connect
Bh [ Nets S b 2 Test and Programming/Configuration
] SERDES
SLAVE_SPI_PORT DISABLE » 4 Power Supplies
88 MASTER_SPI_PORT DISABLE
l% SLAVE_12C_PORT DISABLE
- SLAVE_I3C_PORT DISABLE
o
JTAG_PORT ENABLE
m
DONE_PORT ENABLE
[ INITN_PORT ENABLE
= PROGRAMN_PORT ENABLE
B BACKGROUND_RECONFIG OFF
=] DONE_EX OFF
@® DONE_OD ON
MCCLK_FREQ 35
TRANSFR OFF
CONFIG_IOSLEW sLow
CONFIG_SECURE OFF
WAKE_UP ENABLE_DONE_SYNC
COMPRESS_CONFIG OFF
EARLY_IO_RELEASE OFF
BOOTMODE DUAL
CONFIGIO_VOLTAGE_BANKO NOT_SPECIFIED
CONFIGIO_VOLTAGE_BANK1 NOT_SPECIFIED
MASTER_PREAMBLE_TIMER_CYCLES 600000
~ User Code
UserCode Format Binary
UserCode 00000000000000000000000000000000
Unique Id 0000 .
Y~ Filter Port Pin Global 50 Selection Attributes Incompatible Pins
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Compile the design by clicking on the Run All arrow, see picture below.

Lattice Radiant Software -[C/projects/Lattice/External Memory/2025_2/Flash_IP_MRAM_Final1/test_flash_ip_to_mram/test_flash_ip_to_mram.rdf] - Source Editor - C:/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM_Final1/src/user_code_top - o X
Fle Edit View Project Tools Window Help

-5 H D9 CaD @aQ IH AL OONEENRLIORERGSBSE

E Synthesize Design \ Map Design \ Place & Route Design \ Export Files \ e Design completed with warning.
Q- Find Text. 2 x 1) Start Page L Report Browser 7 user_code top.v < 7 vart_txv 2
) * -
o L
v [ test_flash_ip_to_mram ol 48 */
49 module user_code_top(
i LFCPNX-100-9LFG672C 5 input wire melk,
. 2 51 ut wire clk,
[ Strategies 52 wire resetn,
[&] Area
[=] Timing output wire [7:0] TEST_GPIO_OUT,
5 output wire [7:0] TEST_UART, //uart test signals
[/ strategy1 N =
« [ impl_1 (Synplify Pro) 58 /111111111111TX pores//1//111111111]
- 59 i_tx_data,
* {7 Input Files - T I_tx_data_valid,
o © ial,// s 1 data t
[ fsrcfuser_code topv 1 ovx serial 7/ serial sata
[34) /src/APB_module.y
[t ./src/debounce.v 5 / /7 ///RX ports//////. 111111
Jsrc/deb 11111111111 111111111177
= ) wire i_rx_serial, //Serial data received
[38) /src/dp_ram_fifov o ut wire [7:0] o rx d
) Jsrcuart ncv 8 T wire Cdata valid
[14) /src/uart ey 70 wire DIE_SW,
~ |} dpram/dpram.ipx 72 output wire sclk o,// SCK from Master
3 output wire ssn o, // Chip Select from Master
» [ RTL Files 74 t wire wpj_0,// Write protect from Master
» [ Constraint Files 5 input wire miso_i, // Slave data output
76 output wire mosi o // input
» [ Testbench Files 4 7
[ dpram.cfg
+ ) spi_flash_ctrl0/spi_flash ctrl0.ipx ! parameter FIFO_DEPTH = 512; //Same value as the DPRAM IP's Address dep
» [ RTLFiles 82 localparam PAGE_PROGRAM SIZE = 256;
» 7 Constraint Files 8 localparam S_AHB_ADR WIDTH
» [ Testbench Files 85 localparam S_AHB_DAT_WIDTH
» [ Driver Files 87 C_APB_ADR_WIDTH
5 . CTAPB_DAT WIDTH
[Z] spi_flash_ctrlo.cfg -
v L) pll20/pIL20ipx s systen clock inpuc
» (7 RTLFiles 92 //wire Active High system reset
. .| 3 //wire £
b Consteaint Files a raire -
~ i} user_code_top - user_code_top.v x [l 2
I} vart tx(tx) - vart_txv T ~ @ERROR:O 4 CRITICAL 1 WARNING: 363 @ INFO:393 | ' GroupbyID = Search [Eali
1E vart_x(rx) - vart_rxv -

~ Map (1 criticals, 52 warnings)
» AL 1026001 WARNING - Ci/projects/Lattice/External_Memory/2025_2/Flash_IP_MRAM._Final1/constraints/non_versa_evb.pdc (18) : No port matched 'LED[O]'. [non versa evb.pdc:18)
» AL 1027013 WARNING - No port matched ‘LED[O]'.

» 1F spi_flash_ctrlo(u_spi_flash_ctrl0) - spi_flash_ctrl0y
» 1F pll_20(u_pll_20) - pll_20.v

» 1} dp_ram_fifo(dp_ram_fifo_tx) - dp_ram _fifo.v

£ debounce(debounce.inst) - debouncay » 4L 1011001 WARNING - Remove invalid constraint 'ldc_set_location -site {N5} [get_ports (LED[O])).

£} APB_module(apb_module_inst) - APB_module 52281053 CRITICAL - There is no set_clock_uncertainty constraint on the PLL clock output 'CLKOS4" of instance 'u_pll_20/Iscc_pll_inst/gen_no_refclk_mon.u_PLLPLL inst'. Please see FPGA-AN-02059-1.0 - Lattice Radiant

Timing Constraints Methodology for further details.

O FileList [ Source Template & IP Catalog & T Console E Output E Find Results &1 Message
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2.5 Program the Device with Radiant Programmer
From the Tools menu, select Programmer and a new window opens, see picture below. Once the cable is

detected and settings are set, program the device by clicking the Program Device icon & , see picture below.

3 Radiant Programmer - impl_1.xcf - s} X
File Edit View Run Tools Help

Ped 2 eee a[Ee

Enable ~Status Device Family Device Operation File Name File Date/Time  Checksum USERCODE Cable Setup 8 x
18 - LFCPNX LFCPNX-100 Fast..  C/projects/Lattice/External Memory/2025_2/Flash_IP_MRAM_Final1/... 03/02/26 ... 00000000 Cable Settings
Detect Cable
Cable: HW-USBN-28 (FTDI)
Port: FTUSB-0 v
Custom port:

Programming Speed Settings
© Use default Clock Divider
© Use custom Clock Divider

TCK Divider Setting (0-30x): 1 -

1/0 Settings
© Use default I/0 settings
O Use custom I/0 settings

INITN pin connected

™0
DONE pin connected
TCK
TRST pin connected
™S
PCICOMPUTER
FTDI USB HOST BUILD-IN ‘ ‘ Set TRST high
DOWNLOAD CABLE Tk TS
CPUMICROPROCESSOR Set TRST low
ol LFCPNX-100
oI 00
PROGRAMN pin connected
RESET JTAG_EN
ispEN pin connected
Set ispEN high
Sat ienFN I
Output & x

INFO <85021078> - Check configuration setup: Successful.
INFO <85021278> - Device1 LFCPNX-100: Fast Configuration
INFO <85021298> - Operation Done. No errors.

INFO <85021371> - Elapsed time: 00 min : 12 sec

INFO <85021373> - Operation: successful.

Output ~ Tdl Console
Ready
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2.6 Verify the Hardware Interface

The project named led_brightness provided with the user code app note is provided for testing the hardware.
The design uses switches SW[3:0] for controlling the duty cycle to the pwm output, which controls the
brightness to LED[0]; LED[7:1] are used as heartbeat of the system.

Note: make sure the image configuring the FPGA has the following Global settings.

[F] Device Constraint Editor - (=) X

)

Fle Edit View Design Window Help

B 5C aaaae

M {lQe FindTex. Name Value S-aa
= : » [ Visible Banks
> 5 ports Junction Temperature(T)(C) 85 + [ AllPIOS
= | ¥ Instances(94) Voltage (V) 095 » Test and Programming/Configuration
2 (0 Nets Ssconfi SERDES
ystontig + B Power Supplies
SLAVE_SPI_PORT DISABLE
s
— MASTER_SPI_PORT SERIAL
=
— SLAVE_|2C_PORT DISABLE
- SLAVE_I3C_PORT DISABLE
oo
JTAG_PORT ENABLE
m
DONE_PORT ENABLE
] INITN_PORT ENABLE
)| PROGRAMN_PORT DISABLE
=] BACKGROUND_RECONFIG OFF
DONE_EX OFF
® DONE_OD oN
MCCLK_FREQ 35
TRANSFR OFF
CONFIG_IOSLEW sLow
CONFIG_SECURE OFF
WAKE_UP ENABLE_DONE_SYNC
COMPRESS_CONFIG OFF
EARLY_IO_RELEASE OFF
BOOTMODE DUAL
CONFIGIO_VOLTAGE_BANKO NOT_SPECIFIED
CONFIGIO_VOLTAGE_BANK1 NOT_SPECIFIED

MASTER_PREAMBLE_TIMER CYCLES 600000

~ User Code
UserCode Format Binary
UserCode 00000000000000000000000000000000
Unique Id 0000 L
Y~ Filter Port Pin Global S50 Selection Attributes Incompatible Pins
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References
For more information, refer to the following documents:
e FPGA-IPUG-02134-2-1-SPI-Flash-Memory-Controller-IP-User Guide
e FPGA-EB-02046-1-1-CertusPro-NX-Evaluation-Board
e FPGA-RD-02270-1-8-Universal-Asynchronous-ReceiverTransmitter-Reference-Design
e FPGA-TN-02099-3-3-sysCONFIG-User-Guide-for-Nexus-Platform
e  CertusPro-NX 100k Pinout File (FPGA-SC-02022)
e fpga-tn-02145-2-1-multiboot-user-guide-for-nexus-platform
e Avalanche_Serial-Dual-QSPI-P-SRAM-for-Xilinx-Versal-ACAP-VCK-190-Evaluation-Kit-User-Guide-v1-1
e datasheet_-_ut8mrqg2g
e FPGA-IPUG-02191-1-1-Distributed-Memory-Modules
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Revision History

Date ‘ Revision # Author Change Description
4/7/2026 1.0.0 JA Initial release. N/A
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The following United States (U.S.) Department of Commerce statement shall be applicable if these commodities, technology, or software are exported
from the U.S.: These commodities, technology, or software were exported from the United States in accordance with the Export Administration
Regulations. Diversion contrary to U.S. law is prohibited.

Frontgrade Colorado Springs LLC (Frontgrade) reserves the right to make changes to any products and services described herein at any time without
notice. Consult an authorized sales representative to verify that the information in this data sheet is current before using this product. The company does
not assume any responsibility or liability arising out of the application or use of any product or service described herein, except as expressly agreed to in
writing; nor does the purchase, lease, or use of a product or service convey a license under any patent rights, copyrights, trademark rights, or any other of
the intellectual rights of the company or of third parties.
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