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Abbreviations in This Document
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1. Introduction

1.1. Overview of the IP

The Serial Peripheral Interface (SPI) Flash Memory Controller IP Core provides an industry-standard interface between a
central processing unit (CPU) and an off-chip SPI flash memory device. The controller has two separate ports: Data Port
Advanced High-performance Bus (AHB-Lite) interface and Control Port Advanced Peripheral Bus (APB) interface. Data
Port can be used by the CPU to directly read from or write to any memory location within the SPI flash. Control Port can
be used to define and set how SPI flash transactions are executed by the controller. The Control Port can also be used to
perform commonly used flash operations for example, erase, page program, and read.

1.2. Quick Facts
Table 1.1. Summary of the SPI Flash Memory Controller IP

Lattice Avant™, MachX0O5™-NX, CrossLink™-NX, Certus™-NX,
CertusPro™-NX, Certus-NX-RT, CertusPro-NX-RT

Refer to the SPI Flash Memory Controller IP Release Notes (FPGA-
RN-02039).

LAV-AT-E70, LAV-AT-G70, LAV-AT-X70, LFMX05-25, LFMXO5-55T,

LFMXO5-100T, LIFCL-17, LIFCL-33, LIFCL-40, LFD2NX-9,
LFD2NX-15, LFD2NX-17, LFD2NX-25, LFD2NX-28, LFD2NX-40,

Supported FPGA Family

IP Requirements
IP Changes

Targeted Devices

Resource Utilization LFCPNX-50, LFCPNX-100, UT24C40, UT24CP100
Supported User Interface AHB-Lite, APB
Resources Refer to Appendix A. Resource Utilization.

IP Core v2.0.0 — Lattice Radiant™ Software 2024.2 and
Lattice Propel™ Software 2024.2
Design Tool Support Synthesis Synopsys® Synplify Pro
Refer to the Lattice Radiant Software User Guide for the list of
supported simulators.

Lattice Implementation?

Simulation

Note:
1. Lattice Implementation indicates the IP version release coinciding with the software version release. Check the software for IP
version compatibility with earlier or later software versions.
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1.3. IP Support Summary
Table 1.2. SPI Flash Memory Controller IP Support Readiness
Device Radiant Hardware
. IP Configuration and Settings On-board Flash Clock Frequency Flash Settings Flash Commands Timing R
Family Validated
Model
CrossLink- | Page Buffer used on APB Macronix APB Interface: 30 MHz, Standard SPI Block Erase Type 1, 2, and Final Yes
NX Interface, 512 Mbit SPI SPI Clock: 30 MHz Clock mode 0 and 3, 3,
Page Program and Read Buffer Flash (SCLK_RATE =0), and 15 3-byte and 4-byte Page Program,
are enabled, (MX25L51245G) | MHz (SCLK_RATE = 1) address mode Read Data (Normal Read),
Supported SPI Flash Commands Fast Read
Page Buffer used on AHBL APB Interface: 30 MHz, Standard SPI Block Erase Type 1, 2, and Final Yes
Interface, AHB-L Interface: 100 Clock mode 0 and 3, 3,
Page Program and Read Buffer MHz, 4-byte address mode | Page Program,
are enabled, SPI Clock: 30 MHz Read Data (Normal Read),
Direct Flash Memory Write and (SCLK_RATE =0), and 15 Fast Read
Read Access MHz (SCLK_RATE =1)
Page Program and Read Buffer APB Interface: 30 MHz, Standard SPI Block Erase Type 1, Final Yes
are disabled, AHB-L Interface: 100 Clock mode 0 and 3, Page Program,
Direct Flash Memory Write and MHz, 3-byte address mode | Read Data (Normal Read)
Read Access SPI Clock: 30 MHz
Page Buffer used on AHBL (SCLK_RATE =0),and 15 | standard SPI Enable 4-byte Address Final Yes
Interface, MHz (SCLK_RATE =1) Clock mode 0 and3, | Mode
Page Program and Read Buffer 4-byte address mode
are enabled,
User-Defined Commands
Page Buffer used on AHBL APB Interface: 25 MHz, Standard SPI Read Identification Final Yes

Interface,

Page Program and Read Buffer
are enabled,

User-Defined Commands

SPI Clock: 25 MHz
(SCLK_RATE = 0)

Clock mode 0 and 3
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1.4. Features

Key features of the SPI Flash Memory Controller IP include:

e Two bus interfaces: Data Port AHB-Lite Subordinate interface and Control Port APB Completer interface
e  Option to individually configure the data bus widths of Data Port and Control Port to 8 or 32 bits

e  Option to configure controller with Page Program Buffer to speed up Page Program

e  Option to configure controller with Page Read Buffer to speed up Page Read

e  Configurable serial clock (sclk_o) frequency

e Supports all SPI clocking modes, combing clock polarity and clock phase

e  Configurable SPI flash page sizes

e Configurable SPI flash memory map size

e Configurable SPI flash command opcode

1.5. Licensing and Ordering Information

The SPI Flash Memory Controller IP is provided at no additional cost with the Lattice Radiant software.

1.6. Hardware Support

Refer to the Example Design section for more information on the boards used.

1.7. Naming Conventions

1.7.1. Nomenclature

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

1.7.2. Signal Names

Signal Names that end with:

e nare active low (asserted when value is logic 0)
e _jareinputsignals

e _oareoutput signals

e o are bi-directional input/output signals

1.7.3. Controller
The logic unit inside the FPGA interacts with the SPI Flash Memory Controller IP Core through either APB or AHB-Lite.

1.7.4. Attribute

The names of attributes in this document are formatted in title case and italicized (Attribute Name).
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2. Functional Description

2.1. IP Architecture Overview

The Serial Peripheral Interface flash memory controller provides an industry-standard interface between a CPU and an
off-chip SPI flash memory device. AHB-Lite interface can be used to perform direct write and read access to any memory
location within the SPI flash memory map size configured through the IP Graphical User Interface (GUI). APB interface,
on the other hand, can be used to issue any flash operations from the command opcode set or using the user-defined
registers.

This IP receives and processes the data or control port signals, checks the flash operation to be executed, automatically
creates the flash command sequence of the supported flash command opcodes, then translates each flash command
into serial form to be communicated to the SPI flash.

Figure 2.1 shows the IP functional diagram.

apb_pwrite_i

apb_psel_i
apb_penable_i
apb_pready_o
apb_pslverr_o
apb_paddr_i

APB Interface |«

APB Interface
[Control Port]

apb_pwdata_i

apb_prdata_o

N\

- apb_pclk_i R sclk_o
rst_i . ss_h_o
ahbl_hsize_i SPI i
— Flash MOS0 o spl
ahbl_htrans_i :> Memory . Flash
- Controller miso_|
ahbl_hburst_i :> on
ahbl_hwrite_i "
ahbl_hsel_i
ahbl_hlock_i AHB-L Interface
AHB-L ahbl_hready_i [Data Port]
Interface | ahbl_hready o
: ahbl_hresp_o
~ ahbl_haddr_i
ahbl_hwdata_i

V'V

ahbl_hrdata_o

ahbl_hclk_i

Figure 2.1. SPI Flash Memory Controller IP Core Functional Diagram
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2.2. Clocking

There are three clocks for SPI Flash Memory Controller IP.

2.2.1. Clocking Overview

e ahb_hclk_i, AHB-Lite input clock
e apb_pclk_i, APB input clock
e sclk_o, Serial clock to SPI flash

2.3. Reset

There is one reset for SPI Flash Memory Controller IP.

2.3.1. Reset Overview

= LATTICE

rst_i is an asynchronous active high reset. When asserted, output ports and registers are forced to their reset values.

2.4. User Interfaces

Table 2.1. User Interfaces and Supported Protocols

User Interface

Supported Protocols

Description

Advanced High-performance
Bus Interface

AHB-Lite

The Advanced High-performance Bus Interface is used
as the data port for SPI Flash Memory Controller IP. The
interface can be used by the CPU to directly read from
or write to any memory location within the SPI flash.

Advanced Peripheral Bus
Interface

APB

The Advanced Peripheral Bus Interface is used as the
control port for SPI Flash Memory Controller IP. The
interface can be used to define and set how SPI flash
transactions are executed by the controller. The control
port can also be used to perform commonly used flash
operations for example, erase, page program, and read.

Serial Peripheral Interface

SPI

The Serial Peripheral Interface can complete the
communication between SPI Flash Memory Controller
IP and SPI flash.

2.5. Other IP Specific Blocks/Layers/Interfaces

The following sections further describes the IP features.

2.5.1. Byte/Halfword/Word Direct Read or Write

This direct read from or write to SPI flash memory can only be initiated on the AHB-Lite interface. The IP only initiates a
new read from or write to SPI flash memory when it determines that the SPI flash is not busy processing another
command. The SPI flash memory address is obtained from the lower 24 bits or the full 32 bits of the AHB-Lite transaction
address. The AHB-L write transaction performs direct write to the SPI flash memory. The IP obtains the write data from
the AHB-Lite input data bus. The AHB-L read transaction performs direct read from the SPI flash memory. Valid read data
is available on the output data bus of the AHB-Lite data port after read completion. All settings for AHB-L write and read

transactions should be set to APB-related control port registers.

The SPI flash is a non-volatile memory and therefore, it is not possible to overwrite a memory location that is previously
written without erasing it. To write on the memory, you must issue an erase command through the APB interface.
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2.5.2. Erase, Write Enable/Disable, Status Read/Write, Power Up/Down, Read Manufacturer ID

These SPI flash commands can only be performed using the APB interface. An APB read or write transaction can be
executed using the corresponding APB offset addresses shown in Table 5.1. If the flash operation does not involve any
return data from the SPI flash, the controller transaction status automatically return to idle state as soon as the command
is issued to the SPI flash.

Note: For erase and status write supported flash operations, the controller automatically appends the flash write enable
command on the sequence before sending the flash command of the operation to be executed. When command and
address are already sent for flash erase operations, it also automatically sends the read status register command
continuously until the flash device achieves the idle state.

2.5.3. IP Configuration and Control Settings

These commands can only be initiated on the APB interface. They are used by the IP to define the serial data to be sent
to the flash. They can be used to perform the following:

e Set the flash addressing mode, 3-byte or 4-byte, and flash address value.

e Control whether the SPI flash read is performed as fast read or slow read.

e Control the SPI flash page program and read size.

e Set the write protect bit.

e  Configure the APB clock divider to derive the serial clock frequency.

e  Control the shifting order of the SPI bits for flash operations.

e Enable page buffer when AHB-Lite interface is used.

e Set the SPI clock mode.

e Configure the SPI flash command opcode set so that the core can be used with a variety of SPI flash vendors.

2.5.4. SPI Flash Page Read/Program

The process of reading or writing an entire page through the AHB-Lite interface can be slow because each page read/write
needs to be split up into multiple AHB-Lite single read/writes. To speed up, buffer can be enabled. Once enabled, multiple
AHB-Lite write accesses can be performed specifying the flash address and write data on the bus. After writing all data,
they are stored on the buffer and write to flash does not start until the page program is executed through the APB offset
address. Likewise, when the buffer is enabled for read and page read is executed through the APB offset address, read
data can be continuously read from the AHB-Lite interface using the same flash address specified for write.

For the APB interface, page program buffer offset address should be used to store the write data. Starting flash address
should be set on corresponding APB offset address. Once done, page program can already be executed. Page read buffer
offset address is used to read all the return data from flash after page read is executed.

Refer to Table 5.1 for the corresponding offset addresses.

Note: For the flash page program, the controller automatically appends the flash write enable command on the sequence
before sending the flash command, address and write data. After all the write data are sent by the controller, it also
automatically sends the read status register command continuously until the flash device achieves the idle state.

2.5.5. User-Defined Flash Operations

There are some flash commands that the IP does not directly support via APB offset addresses. For these commands,
the user-defined command registers can be used. All the data and transaction definitions are set on these registers before
starting the transaction. Refer to Table 5.1 for the corresponding offset addresses and sections 5.17 to 5.25 for the
detailed descriptions.
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2.5.6. IP Transaction Status

Once flash transaction is started on applicable interface, it is essential to track its status. This can be done by reading the
available IP transaction status registers right after the flash transaction is started. This can be read multiple times until
the IP status is indicated as idle.

After page program is started, the controller sends all the available write data to the flash via SPI. It also automatically
polls the flash memory status on programming the data to selected memory location. While the flash memory is still
busy, IP transaction status also remains busy until the flash memory status flags a not busy status. The same behavior is
observed when an erase transaction is executed. IP transaction status stays busy while erase operation is still on-going
on the flash memory.

For flash page read transaction or other flash command with return data, IP transaction status registers available can be
used to track when read on flash memory location is still on-going or done and whether there is already flash return data
that can be read on the interface. This allows you to either read all return data all at once after transaction is completed
or execute a read of data on interface while page read is happening on the background.

After a flash transaction that does not have any write or read data is started, reading an idle status means that the
command is already sent by the controller on SPI.
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3. IP Parameter Description

3.1. Attributes Summary

The configurable attributes are shown in Table 3.1 and are described in Table 3.2. The attributes can be configured
through the IP Catalog Module/IP wizard of the Lattice Radiant software.

Table 3.1. Attributes Summary

Attribute ‘ Selectable Values Default Dependency on Other Attributes
Control Port Settings

Enable Page Program Buffer Checked, Unchecked Unchecked —

Enable Page Read Buffer Checked, Unchecked Unchecked —

;’_Sg: Program Buffer Memory Distributed Memory, EBR E/:Zt;gl:;ed Enable Page Program Buffer == Checked
Page Read Buffer Memory Type Distributed Memory, EBR E/:Ztr:?:;ed Enable Page Read Buffer == Checked
Page Buffer Interface APB, AHB APB EZZZ;: ﬁzgz ;; ‘:ﬂg’;}i Lr’ff < :;;::gkecj or
Control Base Address 0x80000000 — OxFFFFF800 | 0x80000000 —

SPI Flash Settings

Page Size 256,512 256 —

Flash Memory Map Size (KB) 1,2,4,8,..,2097152 4 —

SCLK Rate 0-15 0 —

SCLK Polarity 0,1 0

SCLK Phase 0,1 0

First Transmitted Bit MSB, LSB MSB —

Data and Control Bus

Data Port AHB Address Width 24,32 32 —

Data Port AHB Data Width 8,32 32 -

?SS?GZZLZ?HB Data Byte little-endian, big-endian little-endian Data Port AHB Data width = 32
Control Port APB Address Width 11 11 Display information only.

Control Port APB Data Width 8,32 32 -

SPI Flash Command Opcodes
Specify the one-byte instruction Opcodes for each command within the SPI flash instruction set. Refer to the SPI flash data sheet
to obtain these values.

Slow Read - 8’h03 -
Fast Read — 8’h0b —
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’h04 —
Read Status Register — 8’h05 —
Write Status Register — 8’ho1 —
Deep Power Down — 8’hb9 —
Resume from Power Down — 8’hab —
Read Manufacturer ID — 8’hof —
© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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Table 3.2. Attributes Descriptions

Attribute

‘ Description

Control Port Settings

Enable Page Program Buffer

This can be enabled, set to 1, to speed up page program. Setting this to 1 indicates that page
write data are locally stored before writing the entire page to SPI flash.
The size of the buffer is equal to the page size.

Enable Page Read Buffer

Enable Page Read Buffer to speed up page reads by reading an entire page from SPI flash and
locally storing it.
The size of the buffer is equal to the page size.

Page Program Buffer Memory
Type

Indicates whether EBR or Distributed RAM is used as Page Program buffer.

Py R B M

T;gee ead Buffer Memory Indicates whether EBR or Distributed RAM is used as Page Read buffer.

Page Buffer Interface Indicates the interface to be used for data buffer setting.

Control Base Address Specifies the base address for the Control Port APB interface. The minimum boundary alignment

is 0x800.

SPI Flash Settings

Page Size

Specifies the size of each page in the SPI flash. Refer to the SPI flash data sheet to obtain this
value.

Flash Memory Map Size (KB)

Indicates the size in Kilobytes (KB) of the flash memory to be mapped. Available options are
values on the power of 2. For example, 1, 2, 4, 8 up to 2097152.

Specifies the factor for deriving sclk_o from the 0 — 15 component input clock (apb_pclk_i).
sclk_o is derived from the following equation:
sclk_o = apb_pclk_i/(2 x SCLK_Rate) when SCLK_RATE is greater than 0. If SCLK_RATE is equal to

SCLK Rate 0 sclk_o =apb_pclk_i.
For example:
For SCLK Rate = 1, sclk_o = apb_pclk_i/2
SCLK Polarity Sets the polarity of the sclk_o signal during idle state.
SCLK Phase Indicates whether the rising or falling clock edge is used to sample and shift the data.

First Transmitted Bit

Specifies the direction of shifting of bits into and out of the SPI interface. See the
SPI First Transmitted Bit Register 0x114 section for the complete details.

Data and Control Bus

Data Port AHB Address Width

Size of AHB-Lite address bus

Data Port AHB Data Width

Size of AHB-Lite data bus

Data Port AHB Data Byte
Endianness

Endianness of AHB-Lite data bus. See the AHB-Lite Byte Endianness section for the complete
details.

Control Port APB Address
Width

Size of APB address bus

Control Port APB Data Width

Size of APB data bus

SPI Flash Command Opcodes

Generic Flash Command
Opcode

Specifies the equivalent opcode of a flash command of the off-chip SPI flash memory device.

3.2

IP Parameter Settings for Example Use Cases

In SPI, the transaction is always initiated by the controller. During the time that ss_n_o is active (LOW), the clock signal
(sclk_o) is toggled while command information is first transferred on the data signals from the controller to the SPI
flash. The sclk_o signal toggles during any period required for information access in the SPI Flash. The clock continues
to toggle during the transfer of read data from the SPI Flash to controller or write data from the controller to the SPI
flash. When controller has transferred the desired amount of data, it drives the ss_n_o inactive (HIGH). This section
describes more in detail the IP features used on operations.
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3.2.1. Clocking Modes (SCLK Polarity and SCLK Phase)

Through the IP GUI and register, SCLK polarity and SCLK phase can be set. The SCLK polarity sets the polarity of the
sclk_o signal during the idle state — ss_n_o bit is in inactive. Transitioning of ss_n_o signal from inactive logic to active
logic marks the start of the transmission and transitioning from active logic to inactive logic marks the end of the
transmission. The SCLK phase selects the sclk_o phase. It sets whether the rising or falling clock edge is used to sample
and shift the data. The IP must be set to the corresponding SCLK polarity and phase as per the requirement of the flash.
There are four SPI clocking modes available, which are shown in Table 3.3.

Table 3.3. Clocking Modes

C:\c;ll(:::zg SCLK Polarity :::SKe Description
The ss_n_o signal transition to active logic shifts out a data bit. The first clock
0 0 0 transition samples the data.
Data is sampled on the sclk_o rising edge and is shifted out on the falling edge.
The first clock transition shifts out a data bit and the second clock transition
1 0 1 samples the data.
Data is sampled on the sclk_o falling edge and is shifted out on the rising edge.
The ss_n_o signal transition to active logic shifts out a data bit. The first clock
2 1 0 transition samples the data.
Data is sampled on the sclk_o falling edge and is shifted out on the rising edge.
The first clock transition shifts out the data and the second clock transition
3 1 1 captures the data.
Data is sampled on the sclk_o rising edge and is shifted out on the falling edge.

The sample waveforms for the SPI clocking modes are shown in Figure 3.1, Figure 3.2, Figure 3.3, and Figure 3.4.

ss_n_o ﬁ )7 J
sclk_o A Y A Y A WY A W A N A WY
mosi_o 2 tm X tm1 X Tm2 ) D T2 f T X T0 Y
miso_i X _Rm Y\ Rm1 X Rm2 ) /D Y G G
Figure 3.1. Clocking Mode 0 (SCLK Polarity=0, SCLK Phase=0)
ss.no T\ /y /[
sclk_o Y Y A Y A U A W A W A
mosi_o X Tm ¥ tm1 f Tm2 ¥ m ¥ mnn Y 10 ¥
miso_i 4 Rm_} Rm-1 § Rm2 [ J Rz [ RL_ X RO
Figure 3.2. Clocking Mode 1 (SCLK Polarity=0, SCLK Phase=1)
ss_n_o \ U(( ]
sclk_o L A Sy R W A W A W A W A W
mosi_o X Tm Tm1 ¥ Tm2 ﬂ T2 J_ 11 T0 ¥~
miso_i 7% Rm__ Y _Rm1 ¥ Rm2 | T Y R ¥ r Y ro Y7

Figure 3.3. Clocking Mode 2 (SCLK Polarity=1, SCLK Phase=0)
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i /

sclk_o L A N A N A Y A N A WY A W
mosi_o A Tm Y tm1  Tm2 ff/_)( T2 f T2 T0o ¥~
miso_i 7 Rm Y Rm-1 )\ Rm2 /D ST Y L

Figure 3.4. Clocking Mode 3 (SCLK Polarity=1, SCLK Phase=1)

3.2.2. SPI First Transmitted Bit

The IP has four transfer phases: command, address, dummy and data. For write operation, only command, address,
and data phases are used. For read operation, all phases can be used, and dummy phase depends on the target flash
read operation. Table 3.4 shows the supported byte length during each phase of the SPI transaction.

Table 3.4. SPI Transaction Phase and Byte Length

SPI Transaction Phase Byte Length
Command 1

Address 3ord

Dummy 1to 16

Data 1to 256 or 512

The endianness of each phase depends on First Transmitted Bit GUI attribute or its corresponding register setting. For
data phase, endianness is in byte level. There is no endianness consideration for dummy phase.

Figure 3.5, Figure 3.6, Figure 3.7, and Figure 3.8 show when MSB or LSB is the first transmitted bit during write and
read SPI transaction. All sample waveforms have clocking mode 0.

ss_n_o

miso_i

L) ) ) )
sclk_o ‘
e T DD BB PDDDD DD YDDDL

Command Address Data in ByteO Data in Bytel

Figure 3.5. SPI Flash Write Transaction with MSB as First Transmitted Bit

Command Address

Dummy Data out ByteO Data out Bytel

Figure 3.6. SPI Flash Read Transaction with MSB as First Transmitted Bit
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ss_n_ o

s DD )@@@oq »eoooq

miso_i 7 / / Az / //JV/ /

Command Address Data in ByteO Data in Bytel

Figure 3.7. SPI Flash Write Transaction with LSB as First Transmitted Bit
ss_n_o

)@@00« //\

miso_i : y . 00( 'oooo

Command Address Dummy Data out ByteO Data out Bytel

Figure 3.8. SPI Flash Read Transaction with LSB as First Transmitted Bit

3.2.3. AHB-Lite Byte Endianness

Table 3.5 shows the data port of AHB-Lite interface with different endianness. For example, the Data is {ByteO, Bytel,
Byte2, Byte3} with an address starting from 0xO0.

Table 3.5. AHB-Lite Interface Data Endianness

Data Stored
Byte Address Little Endian Big Endian
0x0000_0000 Byte3 ByteO
0x0000_0001 Byte2 Bytel
0x0000_0002 Bytel Byte2
0x0000_0003 ByteO Byte3

Figure 3.9 and Figure 3.10 show sample SPI flash write and read transaction with word transfer size. All sample
waveforms have clocking mode 0.

ss_n_o

0 ) ) ) ) -
sclk_o ‘
)oo@@q )oooec )ooooc »ooooc »ooooc
; /qu : //(u(y _ A\AV y A\AV A\AV ; //(\AV

miso_i

| | | | |
Command Address Data in ByteO Data in Bytel Data in Byte2 Data in Byte3

Figure 3.9. SPI Flash Write Transaction

ss_n_o

mosi_o o
miso_i 064 00006( DGOGG( DOQGG( 00
Command Add‘ress Data out ByteO Data out Bytel Data out Byte2 Data out Byte3

Figure 3.10. SPI Flash Read Transaction
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3.2.4. Flash Command

Figure 3.11 shows the resulting SPI write transaction with clocking mode 0 using Block erase type 1 flash command. The
following are the APB interface register accesses used to perform this transaction:

Register write to ‘0x040’ with ‘32-bit flash address’.

2. Register write to ‘Ox044’ to set the Flash Addressing mode to 32-bits.
3. Register write to ‘0x008’ to initiate Block Erase Type 1.
4. Register read from ‘Ox1c0’ to check the IP transaction status while performing the flash operation. Wait until the
read value is “0x0” to indicate end of the flash operation.
ss_n_o

mosi_o é 06‘ )O@.QG( )OQ@&N )OQ.OG( )O@ %

7777

Write Enable Command Erase Command Flash Address Read Status Register Flash Status
Command

Figure 3.11. SPI Transaction for Block Erase Type 1

Figure 3.12 shows the resulting SPI read transaction with clocking mode 0 using Status read flash command. The following
are the APB interface register accesses used to perform this transaction:

1. Register read from ‘0x020’ to read status.

2. Register read from ‘Ox1cQ’ to check the IP transaction status while performing the flash operation. Wait until the
read value is “0x0” to indicate end of the flash operation.

Note that the Status Read flash command is limited to read 8 bits data only. Use user-defined command for more than 1
byte of returned data.

o] M )
mosi o ZZX XX\ WX X
miso_i / //{UV/ /’ .o /

I . I
Status Read Opcode 8-bit Returned Data

Figure 3.12. SPI Transaction for Status Read
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3.2.5. User Command

To send user command to SPI flash memory, user command registers listed in Table 5.1 must be set accordingly.
Below is a sample procedure to perform an SPI flash write transaction.

Register write to ‘0x044’ to set the Flash Addressing mode to 32-bit.

Register write to ‘0x080’ to set the command opcode to 0x55.

Register write to ‘0x084’ to set the address to the target 32-bit flash address.

Register write to ‘0x088’ to set the lower 4 bytes of the write data {byte3, byte2, bytel, byte0}.

Register write to ‘Ox08c’ to set the upper 2 bytes of the write data {byte5, byte4}.

Register write to ‘0x090’ to set the data length to 6 bytes.

Register write to ‘0x094’ to set the direction control to write and enable the address.

Register write to ‘Ox0a0’ to start the user initiated command.

L PN R WN R

Register read from ‘Ox1cQ’ to check the IP transaction status while performing the flash operation. Wait until the
read value is “0x0” to indicate end of the flash operation.

These procedures result to SPI transaction shown in Figure 3.13. The waveform below has clocking mode 0.

L ) ) N ) N
sclk_o ‘
WM )oooec »oe MM »ooaoc
A7 A1 At A722277217 7

0x55 Opcode 32-bit Address Data in ByteO Data in Bytel Data in Byte4 Data in Byte5

Figure 3.13. SPI Write Transaction using User-Defined Command

Below is a sample procedure to have an SPI flash read transaction.

1. Register write to ‘0x044’ to set the Flash Addressing mode to 24 bits.

2. Register write to ‘Ox080’ to set the command opcode to 0x50.

3. Register write to ‘Ox084’ to set the address to the target 24-bit flash address.

4. Register write to ‘Ox090’ to set the data length to 5 bytes and to set the dummy length to 4 bytes.

5. Register write to ‘Ox094’ to set the direction control to read and enable both the address and dummy bytes.
6. Register write to ‘Ox0a0’ to start the user-initiated command.

7

Register read from ‘Ox1c0’ to check the IP transaction status while performing the flash operation. Wait until the
read value is “Ox0” to indicate end of the flash operation.

8. Register read from ‘0x098’ for the lower 4 bytes of the read data {byte3, byte2, bytel, byte0}.
9. Register read from ‘0x09c’ for the upper byte of the read data byte4.

These procedures result to SPI transaction shown in Figure 3.14. Below waveform has clocking mode 0.

) ) ) ) ) ) ) B
sclk_o ‘

zﬁrﬁw WX 4%%\@%@&
miso_i : A7 ZNZ /(\AV X7 ! ,

Figure 3.14. SPI Read Transaction using User-Defined Command
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4. Signal Description

Table 4.1 lists the input and output signals of the IP.

Table 4.1. SPI Flash Memory Controller IP Core Signal Description

Port Name ‘ 1/0 ‘ Size Description
Clock and Reset
ahb_hclk_i | 1 AHB-Lite input clock
apb_pclk_i | 1 APB input clock
st i | 1 Asynchronous active high reset
- When asserted, output ports and registers are forced to their reset values.
SPI Interface
mosi_o (e} 1 Serial data from SPI flash controller (FPGA) to SPI flash
miso_i | 1 Serial data to SPI flash controller (FPGA) from SPI flash
ss_n_o (e} 1 SPI flash chip select
sclk_o 0 1 Serial clock to SPI flash
wpj_o 0 1 SPI flash write protect
AHB-Lite Interface
Data Port
ahbl_haddr_i A:;iiss AHB-Lite address signal
Width
Data Port
ahbl_hwdata_i AHB Data | AHB-Lite write data signal
Width
ahbl hsize i 3 AHI.3—Lite size s'ignal . .
- - Indicates the size of the transfer that is typically byte, halfword, or word.
AHB-Lite transfer direction signal
ahbl_hwrite_i 1 1 — Write transfer
0 —Read transfer
ahbl hsel i 1 AH I.3—Lite select signal N .
- - Indicates that the current transfer is intended for the selected subordinate.
AHB-Lite burst type signal
Ahbl_hburst_i 3 The burst type indicates if the transfer is a single transfer or forms part of a
burst.
AHB-Lite transfer type signal
Indicates the transfer type of the current transfer. This can be:
ahbl_htrans_i 2 © [DLE
. BUSY
[ NONSEQUENTIAL
. SEQUENTIAL
ahbl_hlock_i | 1 AHB-Lite lock signal
ahbl_hready_i | 1 AHB-Lite ready input signal
Data Port
ahbl_hrdata_o 0 AHB Data | AHB-Lite read data signal
Width
AHB-Lite transfer response signal
ahbl_hresp_o 0] 1 When low, the signal indicates that the transfer status is okay.
When high, the signal indicates that the transfer status is error.
AHB-Lite ready output signal
ahbl_hready_o 0] 1 Indicates that a transfer has finish on the bus. The subordinate uses this

signal to extend an AHB-Lite transfer.
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Port Name ‘ 1/0 ‘ Size Description
APB Interface

APB select signal

apb_psel_i 1 Indicates that the completer device is selected, and that a data transfer is
required.
apb_paddr_i 11 APB address signal
Control
apb_pwdata_i po[;;,:aPB APB write data signal
Width

APB direction signal
apb_pwrite_i 1 1 - APB write access
0— APB read access

APB enable signal

apb_penable_i 1
Pb_p - Indicates the second and subsequent cycles of an APB transfer.
APB ready signal
apb_pready_o (e} 1
Po_P v The completer uses this signal to extend an APB transfer.
APB error signal
apb_pslverr_o (e} 1
Po_P - Indicates a transfer failure. This signal is tied to 1’b0.
Control
port APB .
apb_prdata_o (e} Data APB read data signal
Width

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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The host can control the IP Core by writing to and reading from the available registers. These registers can be

configured at the run-time.

Table 5.1 lists the address map and specifies the registers available.

Table 5.1. Summary of SPI Flash Memory Controller IP Core Registers

Addressing Mode

APB Offset Register Name Access Type Description

Registers to Issue SPI Flash Commands

0x000 Page Program Write-only This register is used to initiate the page program command.
0x004 Page Read Write-only This register is used to initiate the page read command.

0x008 Block Erase Type 1 Write-only This register is used to initiate the block erase type 1 command.
0x00c Block Erase Type 2 Write-only This register is used to initiate the block erase type 2 command.
0x010 Block Erase Type 3 Write-only This register is used to initiate the block erase type 3 command.
0x014 Chip Erase Write-only This register is used to initiate the chip erase command.

0x018 Write Enable Write-only This register is used to initiate the write enable command.

0x01c Write Disable Write-only This register is used to initiate the write disable command.

0x020 Status Read Read-only This register is used to initiate the read status register command.
0x024 Status Write Write-only This register is used to initiate the write status register command.
0x028 Power Down Write-only This register is used to initiate the power down command.

0x02c Power Up Write-only This register is used to initiate the power up command.

0x030 Manufacturer ID Read-only IZ:TsmraeEids.ter is used to initiate the read manufacturer ID
Registers to set SPI Flash Address

0x040 SPI Flash Address Read/Write This register is used to set the SPI flash address.

0x044 SPI Flash Read/Write This register is used to set the SPI flash addressing mode.

Registers to Issue a User-Defined Command to SPI Flash

This register is used to set the flash command opcode for

0x080 USER CMD Opcode Read/Write L
user-initiated command.
0x084 USER CMD Read/Write This register is used to set the flash address for user-initiated
Address command.
0x088 USER CMD Write Read/Write This r.egl_ster is used to set the flash data bytes, Byte3 — Byte0, for
Data 0 user-initiated command.
0x08¢ USER CMD Write Read/Write This r.egl_ster is used to set the flash data bytes, Byte7 — Byte4, for
Data 1l user-initiated command.
USER CMD Data This register is used to set the flash data byte length for both write
0x090 and Dummy Read/Write and read, and dummy byte length for read for user-initiated
Length command.
£ D . - . - - P
0x094 us RFM . Read/Write This register is used to set the configurations for user-initiated
Configurations command.
E D i i i B - B
0x098 USER CMD Read Read-only This r.egl.ster is used to read the returned data, Byte3 — ByteO, for
Data 0 user-initiated command.
0x09¢ USER CMD Read Read-only This r.egl.ster is used to read the returned data, Byte7 — Byte4, for
Data 1 user-initiated command.
0x0a0 USER CMD Start Write-only This register is used to initiate user-defined command.
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APB Offset

Register Name

Access Type

Description

Registers to Configure SPI Flash Controller Internals

This register is used to program read commands as fast read or

0x100 Read Speed Read/Write slow read commands.
0x104 Page Program Size Read/Write This register is used to program page program size for page
program commands.
0x108 Page Read Size Read/Write This register is used to program page read size for read commands
such as fast read or slow read commands.
0x10¢ er'Fe Protect Read/Write This r.eglster is used to enable/disable write protect signal
Register assertion.
0x110 SCLK Rate Read/Write This reg|stter is used to set the factor for deriving sclk_o from input
apb_pclk_i.
0x114 SPI Flrst. . Read/Write Specllf!es the shifting order of SPI bits when transmitting or
Transmitted Bit receiving data.
0x118 AHB-L Page Buffer Read/Write This register is used to enable/disable page buffer write or read in
Enable AHB-L interface.
Oxlic SCLK Polarity Read/Write This reglster is used to set the SCLK polarity during idle
transaction.
This register is used to set the SCLK phase during active
0x120 SCLK Phase Read/Write transaction. This register indicates the edge clock for sampling and

shifting out of data.

Registers to Configure SPI Flash Controller for an SPI Flash Ins

truction Set

This register is used to configure SPI flash controller for an SPI

1 | R F R Wri
0x180 Slow Read CFG ead/Write flash’s slow read command.
Thi i i fi Pl flash ller f Pl
0x184 Fast Read CFG Read/Write is Ireglster is used to configure S ash controller for an S
flash’s fast read command.
Ox18¢ Page Program CFG Read/Write This Iregister is used to configure SPI flash controller for an SPI
flash’s page program command.
Block Erase Type 1 . This register is used to configure SPI flash controller for an SPI
1 R W
0x190 CFG ead/Write flash’s block erase type 1 command.
Block Erase Type 2 . This register is used to configure SPI flash controller for an SPI
194 R W
0x19 CFG ead/Write flash’s block erase type 2 command.
Block Erase Type 3 . This register is used to configure SPI flash controller for an SPI
1 R W
0x198 CFG ead/Write flash’s block erase type 3 command.
0x19¢ Chip Erase CFG Read/Write This Iregls.ter is used to configure SPI flash controller for an SPI
flash’s chip erase command.
0x1a0 Write Enable CFG Read/Write This Iregls.ter is used to configure SPI flash controller for an SPI
flash’s write enable command.
Oxlad Write Disable CEG Read/Write This Iregls.ter |§ used to configure SPI flash controller for an SPI
flash’s write disable command.
0x1a8 Read Status CFG Read/Write This Ireglster is used 'Fo configure SPI flash controller for an SPI
flash’s read status register command.
Oxlac Write Status CEG Read/Write This Iregls.ter is used t9 configure SPI flash controller for an SPI
flash’s write status register command.
0x1b0 Deep Power Down Read/Write This Ireglster is used to configure SPI flash controller for an SPI
CFG flash’s deep power down command.
Ox1ba Resume from Read/Write This ’reglster is used to configure SPI flash controller for an SPI
Power Down CFG flash’s resume from power down command.
Read . . . ]
0x1b8 Manufacturer 1D Read/Write This register is used to configure SPI flash controller for an SPI

CFG

flash’s read manufacturer ID command.
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APB Offset Register Name Access Type Description

Status Registers

0x1cO0 Transaction Status Read-only This register indicates the transaction status of the controller.
Page Read Buffer This register tracks the number of data written on the buffer and

Ox1c4 RW1C ; .
Data Count Status available to be read during page read.
P Read Buff . .

0x1c8 age nead butter RW1C This register tracks the last address read on the page read buffer.
Address Status

Page Program and Read Buffer

0x200- Page Program . This register is used to program data into the page program buffer

Write-only

Ox3FF Buffer for page program command.

0x400- This register is used to read data from the page read buffer for
P Read Buff Read-onl

Ox5FF age Read butter cad-only page read commands such as fast read or slow read.

The behavior of registers to write and read access is defined by its access type, which is defined in Table 5.2.

Table 5.2. Access Type Definition

Access Type Behavior on Read Access Behavior on Write Access

Read-only Returns register value Ignores write access

Write-only Returns 0 Updates register value

Read/Write Returns register value Updates register value

RWIC Returns register value Writ?ng 1’bl on reg?ster b?t 'clt?ars the bit to 1'b0.
Writing 1’b0 on register bit is ignored.

5.2. Page Program Register 0x000

Table 5.3 shows the Page Program register.

Table 5.3. Page Program Register

Name

Bits Access Mode

Description

Start

0 Write-only

Writing a 1 to this bit starts a page program operation.

5.3. Page Read Register 0x004

Table 5.4 shows the Page Read register.

Table 5.4. Page Read Register

Name

Bits Access Mode

Description

Start

0 Write-only

Writing a 1 to this bit starts a page read operation.

5.4. Block Erase Type 1 Register 0x008

Table 5.5 shows the Block Erase Type 1 register.

Table 5.5. Block Erase Type 1 Register

Name Bits Access Mode Description
Start 0 Write-only Writing a 1 to t.hls bit starts the block erase operation on specific flash
memory size using the block erase type 1 command.
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5.5. Block Erase Type 2 Register 0x00c

Table 5.6 shows the Block Erase Type 2 register.
Table 5.6. Block Erase Type 2 Register

Name Bits Access Mode Description
Start 0 Write-only Writing a 1 to t.hIS bit starts the block erase operation on specific flash
memory size using the block erase type 2 command.

5.6. Block Erase Type 3 Register 0x010

Table 5.7 shows the Block Erase Type 3 register.
Table 5.7. Block Erase Type 3 Register

Name Bits Access Mode Description
. Writing a 1 to this bit starts the block erase operation on specific flash
Start 0 Write-only . .
memory size using the block erase type 3 command.

5.7. Chip Erase Register 0x014
Table 5.8 shows the Chip Erase register.

Table 5.8. Chip Erase Register

Name Bits Access Mode

Description

Start 0

Write-only

Write a 1 to this bit to initiate an SPI flash chip erase operation.

5.8. Write Enable Register 0x018
Table 5.9 shows the Write Enable register.

Table 5.9. Write Enable Register

Name Bits Access Mode

Description

Enable 0 Write-only

Write a 1 to this bit to initiate an SPI flash “Write Enable” command.

5.9. Write Disable Register 0x01c
Table 5.10 shows the Write Disable register.

Table 5.10. Write Disable Register

Name Bits Access Mode

Description

Disable 0 Write-only

Write a 1 to this bit to initiate an SPI flash “Write Disable” command.

5.10. Status Read Register 0x020

Table 5.11 shows the Status Read register.
Table 5.11. Status Read Register

Name Bits Access Mode Description
Value 70 Read-only z::rt, return data after reading this register, indicates the status of SPI
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5.11. Status Write Register 0x024
Table 5.12 shows the Status Write register.

Table 5.12. Status Write Register
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Name

Bits

Access Mode

Description

Value

7:0

Write-only

8-bit write data to be written to the status register of SPI flash.

5.12. Power Down Register 0x028

Table 5.13 shows the Power Down register.

Table 5.13. Power Down Register

Name

Bits

Access Mode

Description

Start

0

Write-only

Initiate a “Deep Power Down” command in SPI flash by writing a 1.

5.13. Power Up Register 0x02c
Table 5.14 shows the Power Up register.

Table 5.14. Power Up Register

Name Bits Access Mode Description
. Initiate a “Resume from Power Down” command in SPI flash by writin
Value 0 Write-only al v J

5.14. Manufacturer ID Register 0x030

Table 5.15 shows the Manufacturer ID register.

Table 5.15. Manufacturer ID Register

Name

Bits

Access Mode

Description

Value

7:0

Read-only

8-bit manufacturer ID of the SPI flash after reading this register.

5.15. SPI Flash Address Register 0x040
Table 5.16 shows the SPI Flash Address register.

Table 5.16. SPI Flash Address Register

Name Bits Access Mode Description

24-bit or 32-bit flash address.

For AHB-Lite interface, if AHB Address Width is set to 24, only 24-bit flash
Address 31:0 Read/Write addressing is available.

For 24-bit addressing mode, both APB and AHB-Lite interface should set
the flash address on the lower 24-bit of this register.

www.latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

5.16. SPI Flash Addressing Mode Register 0x044
Table 5.17 shows the SPI Flash Addressing Mode register.

Table 5.17. SPI Flash Addressing Mode Register
Name Bits Access Mode Description

Indicates the flash addressing mode.

0 : 24-bit

Addressing Mode 0 Read/Write 1:32-bit

If AHB Address Width is set to 24, only 24-bit flash addressing is
available.

5.17. User CMD Opcode Register 0x080
Table 5.18 shows the User CMD Opcode register.

Table 5.18. User CMD Opcode Register
Name Bits Access Mode Description

The 8-bit command opcode of a user-defined command that is issued
on the SPI flash.

User Opcode 7:0 Read/Write

5.18. User CMD Address Register 0x084
Table 5.19 shows the User CMD Address register.

Table 5.19. User CMD Address Register

Name Bits Access Mode Description
The 24-bit or 32-bit address of a user-defined command that is issued
User Address 31:0 Read/Write to the SPI flash. For 24-bit address, the lower 24-bit of this register
should be set.

5.19. User CMD Write Data 0 Register 0x088
Table 5.20 shows the User CMD Write Data O register.
Table 5.20. User CMD Write Data 0 Register

Name Bits Access Mode Description

SPI flash write data for the user command. Write Data O: byte3, byte2,
bytel, byte0.

User Write Data 0 31:0 Read/Write

5.20. User CMD Write Data 1 Register 0x08c
shows the User CMD Write Data 1 register.

Table 5.21. User CMD Write Data 1 Register
Name Bits Access Mode Description

SPI flash write data for the user command. Write Data 1: byte7, byte6,

User Write Data 1 31:0 Read/Write byte5, byted.
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5.21. User CMD Data and Dummy Length Register 0x090
Table 5.22 shows the User CMD Data and Dummy Length register.

Table 5.22. User CMD Data and Dummy Length Register

Name Bits Access Mode Description

User Dummy Length 7:4 Read/Write SPI dummy length for flash read. Actual length = User Dummy Length +
1.

User Data Length 3:0 Read/Write SPI data length for both flash write and read. Valid values are 0-8 only.

5.22. User CMD Configurations Register 0x094
Table 5.23 shows the User CMD Configurations register.

Table 5.23. User CMD Configurations Register

Name Bits Access Mode Description

User Dummy Enable 2 Read/Write Set to 1 to include the dummy bytes in the user command.

User Address Enable 1 Read/Write Set to 1 to include the address in the user command.

User Direction 0 Read/Write Set to O to perform flash read. Otherwise, set to 1 for flash write.

5.23. User CMD Read Data 0 Register 0x098
Table 5.24 shows the User CMD Read Data O register.

Table 5.24. User CMD Read Data 0 Register

Name Bits Access Mode Description
User Read Data 0 31:0 Read SPI flash read data for the user command. Read Data 0: byte3, byte2,
bytel and byteO.

5.24. User CMD Read Data 1 Register 0x09c
Table 5.25 shows the User CMD Read Data 1 register.

Table 5.25. User CMD Read Data 1 Register

Name Bits Access Mode Description
User Read Data 1 310 Read SPI flash read data for the user command. Read Data 1: byte7, byte6,
byte5 and byte4.

5.25. User CMD Start Register 0x0a0
Table 5.26 shows the User CMD Start register.

Table 5.26. User CMD Start Register

Name Bits Access Mode Description

Command Start 0

Write-only Writing a 1 to this bit starts a user-defined command to SPI flash.
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5.26. Read Speed Register 0x100
Table 5.27 shows the Read Speed register.

Table 5.27. Read Speed Register
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Name Bits Access Mode Description

SPI Dummy 7:4 Read/Write SPI dummy length for flash fast read. Actual length = SPI Dummy + 1
Enable Fast 0 Read/Write Set to 1 to enabled flash fast read.

Read

5.27. Page Program Size Register 0x104

Table 5.28 shows the Page Program Size register.

Table 5.28. Page Program Size Register

Name Bits Access Mode Description
The number of bytes to be written to the SPI flash on a Page Program.
The minimum value is 1 and maximum value is PAGE_SIZE.

Size 9:0 Read/Write inimum vaiue ximum vajue ! -

The SPI flash controller writes the number of bytes specified in this
field from the Page Program Buffer to the SPI flash.

5.28. Page Read Size Register 0x108
Table 5.29 shows the Page Read Size register.

Table 5.29. Page Read Size Register

Name Bits Access Mode Description
The number of bytes to be read from SPI flash on a Page Read. The
minimum value is 1 and maximum value is PAGE_SIZE.

Size 9:0 Read/Write -

The SPI flash controller reads the number of bytes specified in this field
from SPI flash then store to Page Read Buffer.

5.29. Write Protect Register 0x10c
Table 5.30 shows the Write Protect register.

Table 5.30. Write Protect Register

Name Bits Access Mode

Description

Write Protect

Enable/Disable 0 Read/Write

Set to 1 to enable write protect signal assertion on SPI transaction.

5.30. SCLK Rate Register 0x110
Table 5.31 shows the SCLK Rate register.

Table 5.31. SCLK Rate Register

Name Bits Access Mode Description
Set the factor for deriving sclk_o from input apb_clk_i. This register
. should not be set dynamically during SPI transfer.
SCLK Rate 3:0 Read/Write

0 : sclk_o has the same rate as apb_clk_i
1-15:sclk_o=apb_clk_i/(2*SCLK Rate value)
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5.31. SPI First Transmitted Bit Register 0x114
Table 5.32 shows the SPI First Transmitted Bit register.

Table 5.32. SPI First Transmitted Bit Register

Name Bits Access Mode | Description
Specifies the shifting order of the SPI bits when transmitting/receiving
data.

First Transmitted Bit 0 Read/Write

0: MSB
1:LSB

5.32. AHB-L Page Buffer Enable Register 0x118
Table 5.33 shows the AHB-L Page Buffer Enable register.

Table 5.33. AHB-L Page Buffer Enable Register

Name Bits Access Mode | Description
This register is used to enable/disable page buffer write and read in
. AHB-L interface.
Page Buffer Enable 0 Read/Write 0: Disable
1: Enable
5.33. SCLK Polarity Register Ox11c
Table 5.34 shows the SCLK polarity register.
Table 5.34. SCLK Polarity Register
Name Bits Access Mode | Description
This register is used to set the logic level of sclk_o during idle. When the
SCLK Polarity 0 Read/Write value is 0, sclk_o is low during idle. When the value is 1, sclk_o is high

during idle.

5.34. SCLK Phase Register 0x120
Table 5.35 shows the SCLK phase register.

Table 5.35. SCLK Phase Register

Name Bits Access Mode | Description
. This register is used to set the sclk_o phase during SPI active transaction.
SCLK Ph 0 Read/Writ . ™ . .
ase ead/Write This specifies the sclk_o edge for shifting out and sampling data.

5.35. Slow Read CFG Register 0x180

Table 5.36 shows the Slow Read CFG register.

Table 5.36. Slow Read CFG Register

Name

Bits

Access Mode

Description

Slow Read Flash
Command Opcode

7:0

Read/Write

Slow read flash command opcode of the off-chip SPI flash memory
device.
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5.36. Fast Read CFG Register 0x184
Table 5.37 shows the Fast Read CFG register.

Table 5.37. Fast Read CFG Register

Name Bits Access Mode | Description
Fast Read Flash 70 Read/Write Fast_ read flash command opcode of the off-chip SPI flash memory
Command Opcode device.

5.37. Page Program CFG Register 0x18c
Table 5.38 shows the Page Program CFG register.

Table 5.38. Page Program CFG Register
Name Bits Access Mode | Description

Page Program flash command opcode of the off-chip SPI flash memory
device.

Page Program Flash

Command Opcode 7:0 Read/Write

5.38. Block Erase Type 1 CFG Register 0x190
Table 5.39 shows the Block Erase Type 1 CFG register.

Table 5.39. Block Erase Type 1 CFG Register

Name Bits Access Mode | Description

Block Erase Type 1 flash command opcode of the off-chip SPI flash
memory device.

Block Erase Type 1 Flash

Command Opcode 7:0 Read/Write

5.39. Block Erase Type 2 CFG Register 0x194
Table 5.40 shows the Block Erase Type 2 CFG register.

Table 5.40. Block Erase Type 2 CFG Register
Name Bits Access Mode | Description

Block Erase Type 2 flash command opcode of the off-chip SPI flash
memory device.

Block Erase Type 2 Flash

Command Opcode 7:0 Read/Write

5.40. Block Erase Type 3 CFG Register 0x198
Table 5.41 shows the Block Erase Type 3 CFG register.

Table 5.41. Block Erase Type 3 CFG Register
Name Bits Access Mode | Description

Block Erase Type 3 flash command opcode of the off-chip SPI flash
memory device.

Block Erase Type 3 Flash

Command Opcode 7:0 Read/Write
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5.41. Chip Erase CFG Register 0x19c
Table 5.42 shows the Chip Erase CFG register.

Table 5.42. Chip Erase CFG Register
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Name Bits Access Mode

Description

Chip Erase Flash

Command Opcode 7:0 Read/Write

Chip Erase flash command opcode of the off-chip SPI flash
memory device.

5.42. Write Enable CFG Register 0x1a0
Table 5.43 shows the Write Enable CFG register.

Table 5.43. Write Enable CFG Register

Name Bits Access Mode

Description

Write Enable Flash

Command Opcode 7:0 Read/Write

Write Enable flash command opcode of the off-chip SPI flash
memory device.

5.43. Write Disable CFG Register Ox1a4
Table 5.44 shows the Write Disable CFG register.

Table 5.44. Write Disable CFG Register

Name Bits Access Mode

Description

Write Disable Flash

Command Opcode 7:0 Read/Write

Write Disable flash command opcode of the off-chip SPI flash
memory device.

5.44. Read Status CFG Register 0x1a8
Table 5.45 shows the Read Status CFG register.

Table 5.45. Read Status CFG Register

Name Bits Access Mode

Description

Read Status Flash

Command Opcode 7:0 Read/Write

Read Status flash command opcode of the off-chip SPI flash
memory device.

5.45. Write Status CFG Register Ox1ac

Table 5.46 shows the Write Status CFG register.

Table 5.46. Write Status CFG Register

Name Bits Access Mode

Description

Write Status Flash

Command Opcode 7:0 Read/Write

Write Status flash command opcode of the off-chip SPI flash
memory device.
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5.46. Deep Power Down CFG Register 0x1b0
Table 5.47 shows the Deep Power Down CFG register.

Table 5.47. Deep Power Down CFG Register

Name

Bits

Access Mode

Description

Deep Power Down Flash
Command Opcode

7:0

Read/Write

Deep power down flash command opcode of the off-chip SPI flash
memory device.

5.47. Resume from Power Down CFG Register 0x1b4

Table 5.48 shows the Resume from Power Down CFG register.

Table 5.48. Resume from Power Down CFG Register

Opcode

Name Bits Access Mode | Description
Resume from Power .
Down Flash Command 7:0 Read/Write Resume from power down flash command opcode of the off-chip

SPI flash memory device.

5.48. Read Manufacturer ID CFG Register 0x1b8

Table 5.49 shows the Read Manufacturer ID CFG register.

Table 5.49. Read Manufacturer ID CFG Register

Name

Bits

Access Mode

Description

Read Manufacturer ID
Flash Command Opcode

7:0

Read/Write

Read manufacturer ID flash command opcode of the off-chip SPI
flash memory device.

5.49. Transaction Status Register Ox1cO

Table 5.50 shows the Transaction Status Register.

Table 5.50. Transaction Status Register

Name Bit Access Mode | Description
When read as 1, the controller is currently executing SPI transaction
. to the flash.
IP Transaction Status 0 Read only

When read as 0, the controller’s SPI transaction to flash is already
done and it is ready to receive new transaction request.
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5.50. Page Read Buffer Data Count Status Register Ox1c4

Table 5.51 shows the Page Read Buffer Data Count Status register. This register can be accessed to check page read
buffer status whenever data is available and for number of available buffer data. After reading all the buffer data, you
need to write 1 on this register to clear/reset register value.

Table 5.51. Page Read Buffer Data Count Status Register

Name Bits Access Mode Description
Reserved [31:19] Read-only —
Buffer Content [18:8] RWIC Lnuc:cifiar'fes the number of 8-bit or 32-bit data available on the page read
Reserved [7:1] Read-only —
Indicates whether the buffer is empty or not.
Buffer Status [0] RW1C 1’b1: buffer is not empty.
1’b0: buffer is empty.

5.51. Page Read Buffer Address Register Ox1c8

Table 5.52 shows the Page Read Buffer Address register. This register can be accessed to check the last buffer address
where read is performed. After reading all the buffer data, you need to write 1 on this register to clear/reset register

value.

Table 5.52. Page Read Buffer Address Register

Buffer Read

Name Bits Access Mode Description
Indicates the last page read buffer address read through the interface.
Address of Last When the buffer interface is APB, values are in the range of 0x400-
> [31:0] RW1C OXSFF.

When the buffer interface is AHB-Lite, actual 24-bit or 32-bit flash
address is the return value.

5.52. Page Program Buffer Register 0x200-0x3FF

Table 5.53 shows the Page Program Buffer register.

Table 5.53. Page Program Buffer Register

Buffer Register

Name Bits Access Mode Description
Page program buffer register.
Page Program . . , . o
[9:0] Write-only When apb_paddr_i[9:8] == 2’b10, maximum page program size is 256.

When apb_paddr_i[9:8] == 2’b11, maximum page program size is 512.

5.53. Page Read Buffer Register 0x400-Ox5FF
Table 5.54 shows the Page Read Buffer register.

Table 5.54. Page Read Buffer Register

Buffer Register

Name Bits Access Mode Description
Page read buffer register.
Page Read . ) . L
[10:0] Read-only When apb_paddr_i[10:8] == 3’'b100, maximum page read size is 256.

When apb_paddr_i[10:8] == 3'b101, maximum page read size is 512.
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6. Example Design

A system design with the SPI Flash Memory Controller IP can be developed to test the IP with a RISC-V processor.

The SPI Flash Memory Controller example design allows you to compile, simulate, and test the SPI Flash Memory
Controller IP on the following Lattice evaluation board:
e CrossLink-NX PCle Bridge Board

6.1. Example Design Supported Configuration

The following IP configuration is used during IP generation in a Propel project but some configuration attributes
equivalent to parameters such as SCLK Polarity, SCLK Phase, and SCLK Ratio are also set during the C code test
sequence. Clock mode 0, clock mode 3, and SCLK Ratio of 0 and 1 are also used. The Page Buffer Interface is also set to
APB and AHBL.

The system clock frequencies used are 30 MHz for the APB clock and 100 MHz for the AHBL clock.
Note: In the table below, v refers to a checked option in the SPI Flash Memory Controller IP example design and x
refers to an unchecked option or a non-applicable option in the SPI Flash Memory Controller IP example design.

Table 6.1. SPI Flash Memory Controller IP Configuration Supported by the Example Design

SPI Flash Memory Controller IP GUI SPI Flash Memory Controller IP configuration supported in example demo design
Parameter

Control Port Settings

Enable Page Program Buffer v

Enable Page Read Buffer v

Page Program Buffer Memory Type Distributed Memory
Page Read Buffer Memory Type Distributed Memory
Page Buffer Interface APB/AHBL

Control Base Address 0x80000000

SPI Flash Settings

Page Size 256

Flash Memory Map Size (KB)

SCLK Rate 0

SCLK Polarity 0

SCLK Phase

First Transmitted Bit MSB

Data and Control Bus

Data Port AHB Address Width 32

Data Port AHB Data Width 32

Data Port AHB Data Byte Endianness Little-Endian
Control Port APB Address Width 11

Control Port APB Data Width 32

SPI Flash Command Opcodes

Supported Flash Commands Default values
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6.2. Overview of the Example Design and Features

The example design discussed in this section is created using a RISC-V MC SoC Project template in the Lattice Propel
Development Suite. The generated project includes the following components:

Processor — RISC-V MC with Programmable Interrupt Controller (PIC)/Timer
GPIO

Asynchronous SRAM

UART - Serial port

Oscillator and PLL

Glue Logic

Figure 6.1 shows how the SPI Flash Memory Controller IP is instantiated on the template. The AHB-L interface of the IP
is connected to the AHB-L Interconnect system bus while the APB interface of the IP is connected to the APB
Interconnect system bus. The SPI interface ports remain. Clock inputs connect from PLL output clocks. The reset input
connects from the inverted system reset.

api_soe.inst_miso_1_port [

shbl2epb0_inst

O led_ol7:01

| | mam_est

e [
£

Figure 6.1. SPI Flash Memory Controller IP Example Design in SoC Project
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6.3. Example Design Components
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Figure 6.2. SPI Flash Memory Controller Example Design Block Diagram

The SPI Flash Memory Controller IP example design includes the following blocks:

RISC-V MC CPU — processes data and instructions.

System Memory — stores the commands to be done for testing.

Oscillator and PLL — clock generator

System bus — AHB-L and APB interconnects manage transfers from the processor and memory to the data port and
control port of the IP, respectively.

Interface bridge — translates AHB-L to APB transactions for GPIO, UART, and SPI Flash Memory Controller control
port.

GPIO and UART —serve as debug modules. UART can be used to display debug messages while GPIO output can be
used to indicate successful load of bitstream on the FPGA board.

SPI Flash Memory Controller IP —instance of the IP that will be connected to the flash device available on the FPGA
board.

Flash Memory — SPI target. This is not an instance of any submodule. The SPI interface ports of the IP will be
connected to the on-board flash device through the physical design constraint (PDC) file.

6.4. Generating the Example Design

The Lattice Propel Builder and Propel SDK can be used to create an embedded system which consists of a System-on-
Chip (SoC) design with an embedded processor and system software. The procedure for generating an example design
for the SPI Flash Memory Controller is described below.

A workspace is generated on the Propel SDK. The SoC project is then created in Propel Builder. For more detailed
instructions, refer to A Step-By-Step Approach to Lattice Propel (FPGA-AN-02052) or the Lattice Propel Builder User
Guide and Lattice Propel SDK User Guide.

To create an SoC Project:

1.

Launch Propel SDK. The Lattice Propel Launcher opens as shown in Figure 6.3. Browse to a directory for the

Workspace field and click Launch.
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: Lattice Propel Launcher

Select a directory as workspace

Lattice Propel uses the workspace directory to

Workspace: | C:\Propel_Projects\spi_flash_cont

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

store its preferences and development artifacts.

roller_ED » Browse...

Launch Cancel

Figure 6.3. Lattice Propel Launcher

2. Create a new SoC design project by selecting File > New > Lattice SoC Design Project. The Create SoC Project

window opens as shown in Figure 6.4.

SoC Project

Create SoC Project

Create SoC project of selected template

Project name:  spi_flash_controller_soc

| Use default location

Language: Verilog
Board

Device Select

Processor: RISC-V MC

Device: LIFCL-40

Packsge:  CABGA400

Template Design

Empty Project

o %
Family:  LIFCL (Crosslink-NX)
Speed:  8_High-Performance_1.0V

~ Condition: Commercial
3) Processor - RISC-V MC w/ PIC/TIMER ~

b) GPIO

©) ASRAM - Asynchronous SRAM
d) UART - Serial port

€ PLL

Figure 6.4. Create SoC Project

3. Enter a name for the SoC project in the Project name field. Customize the options under Device Select using the
drop-down menus or configure them through the Board option. Select the template design from the Template
Design list. For this example design, RISC-V MC processor, LIFCL-40-8CABGA400 board, and RISC-V MC SoC Project

are used.

4. Click Finish.

5. Select the generated project, then run Propel Builder by clicking the D icon or selecting LatticeTools > Open

Design in Propel Builder. Propel Builder opens and load

s the design template.
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10.
11.

In the IP Catalog tab, instantiate the SPI Flash Memory Controller IP by generating the IP with the configuration as

shown in Table 6.1.

After generating the IP, the Define Instance window opens as shown in Figure 6.5. Modify the instance name if
needed, then click OK.

% Define Instance X

Instance Name: spi_soc_insd
Instance Reference: spi_soc:1.9.0

0K Cancel

Figure 6.5. Define Instance

Connect the instantiated IP to the system (refer to Figure 6.1). From the default system components setting,
modify the following:

e  Oscillator HCLK Frequency to 30 MHz.

e  PLL Input Clock, CLKOP, and CLKOS Frequency to 30 MHz, 60 MHz, and 30 MHz, respectively.

e AHB-L Interconnect Total AHB-Lite Slaves to 3.

e  APB Interconnect Total APB Slaves to 3.

View the memory space of the project by selecting the Address tab as shown in Figure 6.6. Enable Lock for the
address space settings so that the settings cannot be manually or automatically updated.

Schematic Address % Start Page
Cell Base Address  Range End Address  Lock
~ cpul_inst
~ LocalMemory
cpu0_inst/pic_timer_registers 0xFFFF0000 2K OxFFFFO7FF
~ spi_flash_controller_soc/cpu0_inst/riscv_ahbl_m _instr_Address_Space(32 address bits: 4G) D-0o000000
sysmem0_inst/AHBL_SO 0x00000000 32K 0x00007FFF
~ spi_flash_controller_soc/cpuQ_inst/riscv_ahbl_m_data_Address_Space(32 address bits: 4G) OO0007FFF
gpio0_inst/APB_SO 0x00008400 1K 0x000087FF 0x00008000
spi_soc_inst/AHBL_SO 0x40000000 4K 0x40000FFF 0x000083FF
spi_soc_inst/APB_SO 0xB0000000 2K 0xBOODOTFF prooonssen -
sysmemo_inst/AHBL S1 0x00000000 32K OX00007FFF [H000087FF
uart0_inst/APB_S0 0x00008000 1K 0x000083FF

0x40000000

0x40000FFF

0x80000000

Spi_soc_inst/APE_S0

0xB00007FF

Figure 6.6. Address Tab

Click the “Q icon to perform design rule checking (DRC).
Save the SoC project.
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To create a Radiant Project:

Click the icon or select Design > Run Radiant to launch the Lattice Radiant Software.

2. Update the IP constraints file. On the PDC file, connect the SPI ports of the IP to the on-board flash pins. Set the
sysCONFIG MASTER_SPI_PORT to DISABLE to use the on-board flash as target device.

3. Generate the programming file.
To create a C/C++ Project:

1. Inthe Lattice Propel software, build your SoC project to generate the system environment needed for the
embedded C/C++ project by selecting the generated SoC project, then select Project > Build Project.

2. Check the build result from the Console view as shown in Figure 6.7.

%! Problems & Tasks & Console % " [ Properties| &” Terminal

<terminated> sge [SDP Builder] C:\Iscc\propel\2023.2\tools\python38_embed\python.exe (Terminated Apr 24, 2024, 10:58:17 AM) [pid: 7740]
WARNING - (PGE SoCDesign) cpu@_inst_TIMER_IRQ M@ remains unconnected

INFO - (PGE) Finished: sge generated

Figure 6.7. Build SoC Project Result

3. Generate a new Lattice C/C++ project by selecting File > New > Lattice C/C++ Project. The C/C++ Project Load
System and BSP window opens as shown in Figure 6.8. Update the Project Name field, then click Next followed by

Finish.

% C/C++ Project [m] X
Load System and BSP

Load lattice system environment file and BSP package

Select system environment file and BSP package

System env:  C:\Propel_Projects\spi_flash_controller_ED\spi_flash_controller_soc\sge\sys_env.xml Browse...

Select processor core to create C/C++ Project
Core selected: cpu0_inst

Project type: | C

System information

Device Family CPU Name Instance Nat
LIFCL riscv_mc cpu0_inst
< >

Select Example Application

Hello World Project Example-HelloWorld-blink-uart
1.Led blink.
2.Uart print.

Project name: spi_llash_controller_d

[V] Use default location

| ller_c

C:\Propel_Projects\spi_flash_controller ED\spi_flash_controller

default

Figure 6.8. C/C++ Project Load System and BSP

4. Select the C/C++ project to build followed by Project > Build Project.
5. Check the build result from the Console tab as shown in Figure 6.9.
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£ Problems | #! Tasks| @ Console % [ Properties| & Terminal % TR BHERkE M8y ®
CDT Build Console [spi_flash_controller_c]

Finished building: spi_flash_controller_c.1lst

Invoking: GNU RISC-V Cross Print Size
riscv-none-embed-size --format=berkeley "spi_flash_controller_c.elf"
text data bss dec hex filename
3364 24 3004 6392 18f8 spi_flash_controller_c.elf
Finished building: spi_flash_controller_c.siz

Invoking: Lattice Create Memory Deployment

riscv-none-embed-objcopy -0 binary --gap-fill @ "spi_flash_controller_c.elf"
"spi_flash_controller_c.bin"; srec_cat "spi_flash_controller_c.bin" -Binary -
byte-swap 4 -DISable Header -Output "spi_flash_controller_c.mem" -MEM 32
Finished building: spi_flash_controller_c.mem

11:20:24 Build Finished. @ errors, © warnings. (took 11s.91ms)

Figure 6.9. Build C/C++ Project Result

This environment is now ready for running on the FPGA board. Refer to the Propel SDK Flow On-Chip Debugging
section of A Step-By-Step Approach to Lattice Propel (FPGA-AN-02052).

6.5. Simulating the Example Design

The Lattice Propel Builder software also has a verification project mode which can be used to generate a simulation
environment. The procedure for generating a verification project for the SPI Flash Memory Controller is described

below.

1. From the SoC Project, perform the pre-simulation requirements enumerated in the Verification Project Flow
section of A Step-By-Step Approach to Lattice Propel (FPGA-AN-02052).

Click the icon to switch to verification project.

Reload dut_inst by double clicking on it. The Reload sbx window opens as shown in Figure 6.10. Click Yes to
continue.

4. Reload sbx X
I Reload sbx for instance dut_inst?

Yes No

Figure 6.10. Reload sbx

The verification project schematic generated is shown in Figure 6.11.

sysclk_rst_gen1_inst uart_modell_inst | ememmemmeee dutinst _________ X
I
dut_clk_o}— uart_rx_data_debug[7:0] Ied_o[?:u]’_
dut_rst_i dut_rst_oj}— uart_tx_data_debug[7:0] SpI_soC_inst_mosi_o. JJort}—
w—tdut_clk_i th_clk_of ik uart_rx_break_debug rstn_i 5pi_soc_inst_sclk_o JJOIT:—
th_rst_i stn uart_bxd md_i spi_soc_inst_ss_n_o JJUI't:—

Spi_soc_inst_mise_i_port spi_soc_inst_wpj_o. JJOI't:—
I
txd_op—-

——uart_rxd uart_rx_valid_debug

uart_tx_busy_debug

uart_tx_en_debug

___________________________

Figure 6.11. Verification Project Schematic
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4. Click the Generate ¥ icon to generate the simulation environment. The testbench file including scripts for the
chosen simulator, file lists, and other files are generated in the verification folder of the SoC project.

5. To see the full IP simulation behavior for this example design, connect a flash simulation model to the IP instance
in the generated testbench file as shown in Figure 6.12 and add the flash simulation model in the generated file
list.

*| spi_flash_controller soc_v.sv E3 ‘

H [|flash model flash model inst(
.SCLK (spi_soc_inst_sclk o _port),

.CS (spi_soc_inst ss n o port),
.81 (spi_soc_inst_mosi_o_port),
.50 (spi_soc _inst miso i port),
.WP (spi_soc inst wpj o port),
.RESET (1'h0), -

.SI03 ()):

spi flash controller soc

dut:inst N B

(
.rstn_i(sysclk rst genl inst tb rst o net),
.rxd_i(uart_modell inst uart txd net),
.spi_soc_inst miso i port(spi_soc_inst miso i port),
.spi_soc_inst mosi o port(spi soc_inst mosi o port),
.spi_soc_inst sclk o port(spi_ soc inst sclk o port),
.spi_soc_inst ss n o port(spi_soc_inst ss n o port),

.spi_soc_inst_ij_o_port(spi_goc_inst_ij_o_port),
.txd_o(uart_modell inst uart rxd net),
.led o()

Figure 6.12. Edited Testbench File

6. Click the Launch Simulation ﬂ icon to run the simulation.
Note: The simulation waveform shown in Figure 6.13 results when the generated main.c file in the C/C++ project is
updated to perform the operation of an IP.

i 1 i |

I wE I lﬂEﬂ'{ﬂ(lﬂlI L S T 0 T o A o A T A 0 O 8 O 0 S S I SO A WS S SO 300 S S

[T Wy T T T AT T e T T T T T e T e T T T T T AT o T T T T e e e

T e e e e e e

Figure 6.13. Simulation Waveform

6.6. Hardware Testing

The generated bitstream file from the procedure in the Generating the Example Design section is downloaded to the
CrossLink-NX PCle Bridge Board via the Radiant programmer. The Reveal analyzer is added to the Radiant project to
check the output behavior of the IP.
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7. Designing with the IP

This section provides information on how to generate the IP Core using the Lattice Radiant software and how to run
simulation and synthesis. For more details on the Lattice Radiant software, refer to the Lattice Radiant Software User
Guide.

7.1. Generating and Instantiating the IP

The Lattice Radiant software can be customized to generate modules and IPs and integrate them into the device’s
architecture. The procedure for generating the SPI Flash Memory Controller IP Core in Lattice Radiant software is
described below.

To generate the SPI Flash Memory Controller IP:

1. Create a new Lattice Radiant software project or open an existing project.

2. Inthe IP Catalog tab, double-click SPI Flash Controller under IP, Processors_Controllers_and_Peripherals category.

The Module/IP Block Wizard opens as shown in Figure 7.1. Enter values in the Component name and the Create in
fields and click Next.

Module/IP Block Wizard X
Generate Component from IP spi_flash_controller Version 2.0.0

This wizard will guide you through the configuration, generation and instantiation of this Module/IP. Enter
the following information to get started.

Component name: spi_ﬂash_control\er_()i

Create in: C:/Radiant_Projects/spi_flash_controller Browse...

Next > Cancel

Figure 7.1. Module/IP Block Wizard
3. In the module’s dialog box of the Module/IP Block Wizard window, customize the selected SPI Flash Memory

Controller IP Core using drop-down menus and check boxes. For a sample configuration, see Figure 7.2. For
configuration options, see the Attributes Summary section.
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Medule/IP Block Wizard

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

Diagram spi_flash_controller 0

Configure spi flash_controller 0:

—[HAHBL S0
[H/APB_SO

—fahbl_hclk_i
apb_pclk_i

—{miso_i

—rst i

1

spi_flash_controller_0

mosi_o—
sclk_o—
ss N _o—

wpj_of—

spi_flash_controller

Slow Read 2h03
Fast Read 8hb
Page Program 8h02
Block Erase Type 1 2h20
Block Erase Type 2 8hs2
Block Erase Type 3 2hd8
Chip Erase 8h60
Write Enable 8'h06
Write Disable 2h04
Read Status Register 8h05
Write Status Register 2h01
Deep Power Down 2hbo
Resume from Power Down Shab
¥| Read Manufacturer ID 2hof

Property Value

Enable Page Program Buffer
Enable Page Read Buffer

Page Size 256
Flash Memory Map Size (KB) 4
SCLK Rate [0-15] 0
SCLK Polarity 0
SCLK Phase 0
First Transmitted Bit MsB
Data Port AHB Address Width 32
Data Port AHB Data Width 32

Data Port AHB Data Byte Endianness little-endian

Control Port APB Data Width 32

User Guide

Mo DRC issues are found.

< Back Generate Cancel

Figure 7.2. Configure User Interface of SPI Flash Memory Controller IP Core

4. Click Generate. The Check Generated Result dialog box opens, showing design block messages and results

(Figure 7.3).
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Check Generated Result
Check the generated component results in the panel below. Uncheck option 'Insert to project’ if you do not want to add this component to your
design.

Companent 'spi_flash_controller_0' is successfully generated.
IP: spi_flash_controller Version: 2.0.0

Wendor: latticesemi.com

Language: Verilog

Generated files:

IP-¥ACT_companent: componentaaml

IP-XACT design: design.aml

black_box verilog: rtl/spi_flash_controller 0_bb.v
cfg: spi_flash_controller_O.cfg

dependency_file: eval/dut_insty

dependency_file: eval/dut_params.v

IP package file: spi_flash_controller_D.ipx
template_verilog: misc/spi_flash_controller_0_tmply
dependency_file: testbench/dut_instw

dependency file: testbench/dut_params.v
timing_constraints: constraints/spi_flash_controller_O.ldc
template_vhdk: misc/spi_flash_controller_0_tmplvhd
top_level_verilog: rtl/spi_flash_controller_O.v

3 Insert to project

< Back Finish

Figure 7.3. Check Generated Result

5. Click Finish. All the generated files are placed under the directory paths in the Create in and the Component name
fields shown in Figure 7.1.

7.1.1. Generated Files and File Structure

The generated SPI Flash Memory Controller module package includes the black box (<Component name>_bb.v) and
instance templates (<Component name>_tmpl.v/vhd) that can be used to instantiate the core in a top-level design. An
example RTL top-level reference source file (<Component name>.v) that can be used as an instantiation template for the
module is also provided. You may also use this top-level reference as the starting template for the top-level for their
complete design. The generated files are listed in Table 7.1.

Table 7.1. Generated File List

Attribute Description

<Component name>.ipx This file contains the information on the files associated to the generated IP.
<Component name>.cfg This file contains the parameter values used in IP configuration.
component.xml Contains the ipxact:component information of the IP.

design.xml Documents the configuration parameters of the IP in IP-XACT 2014 format.
rtl/<Component name>.v This file provides an example RTL top file that instantiates the module.
rtl/<Component name>_bb.v This file provides the synthesis black box.

misc/<Component name>_tmpl.v

. These files provide instance templates for the module.
misc /<Component name>_tmpl.vhd

eval/constraint.pdc IP constraint file.

testbench/dut_inst.v This file contains the IP instance instantiation.

This file contains the parameter values set during IP configuration which is used by the
tb_top.v for simulation.

testbench/tb_top.v Top-level testbench file of this IP.

testbench/dut_params.v

This file serves as the main testbench file which generates stimuli to the IP configuration

testbench/test_stimuli.v L
ftest_ and then checks and compares the IP output to the expected output generated within.
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7.2. Running Functional Simulation

After the IP is generated, functional simulation can be performed using different available simulators. The default
simulator already has pre-compiled libraries ready for simulation. Choosing a non-default simulator, however, may

require additional steps.

To run functional simulation using the default simulator:

1. Click the IE icon located on the Toolbar to initiate the Simulation Wizard shown in Figure 7.4.

Simulation Wizard *
Simulator Project Name and Stage
Enter name and directory for your simulation project. Choose simulator and the process stage you
wish to simulate. Available stages are automatically displayed.
Project
Project name: RTL_SimuIat\anl
Project location: | C:/Radiant_Projects/spi_flash_controller Browse...
Simulator
® QuestaSim
QuestaSim Qrun
Invoke
Process Stage
@ RTL
Post-Synthesis
< Back Next > Cancel
Figure 7.4. Simulation Wizard
2. Click Next to open the Add and Reorder Source window, as shown in Figure 7.5.
Add and Reorder Source
Add HDL type source files and place test bench files under the design files.
Source Files: 4 Ldg T 4 3
C:/Radiant_Projects/spi_flash_controller/spi_flash_controller_0/rtl/spi_flash_controller_0.v
C:/Radiant_Projects/spi_flash_controller/spi_flash_controller_0/testbench/tb_topwv
C:/Radiant_Projects/spi_flash_controller/spi_flash_controller_O/testbench/test_stimuliv
Automatically set simulation compilation file order,
Uncheck this if you want to follow the file order from "Input Files” on File List.
< Back MNext = Cancel

Figure 7.5. Add and Reorder Source
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3. Click Next. The Summary window is shown.
4. Click Finish to run the simulation.

Note: It is necessary to follow the procedure above until it is fully automated in the Lattice Radiant software suite.
The results of the simulation in our example are provided in Figure 7.6.

£ ftb_topju_test/ahbl_hck |
£ tb_topfu_test/shbl_Hodk i
Itb_topju_testjahbi_hsize i
ftb_topju_test/shbi_htrans i
ftb_topju_test/ahbl_hburst i

Jtb_top/u_testjshbl_hsel_i
Itb_topju_test/shbi_fwrite_i
ftb_topju_test/shbi_haddr_i
ftb_topju_test/ahbl_twdata i
. tb_topfu_test/shbl_tready_o
D-“a [tb_topfu_testjahil_hrdata_o
s ftb_top/u_test/ahbl_hvesp_o

£ ftb_topfu_test/apb_pck i

£ ftb_toplu_testjopb_peel i

4 Mio_toplu_testimiso |

Figure 7.6. Simulation Waveform

7.3. Constraining the IP

It is your responsibility to provide proper timing and physical design constraints to ensure that the design meets the
desired performance goals on the FPGA. The content of the following IP constraint file can be added to the user design
constraints:

<IP_Instance_Path>/<IP_Instance_Name>/eval/constraint.pdc.

The above constraint file has been verified during IP evaluation with the IP instantiated directly in the top-level module.
The constraint in this file can be modified given a complete understanding of the effect of the constraint.

To use this constraint file, copy the content of constraint.pdc to the top-level design constraint for post-synthesis.
Refer to Lattice Radiant Timing Constraints Methodology (FPGA-AN-02059) for details on how to constraint the design.
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Appendix A. Resource Utilization

Table A.1 and Table A.2 show the resource utilization of the SPI Flash Memory Controller IP Core using different devices
using Synplify Pro of Lattice Radiant software. The default configuration is used, and some attributes are changed from
the default value to show the effect on resource utilization.

Table A.1. Resource Utilization using LAV-AT-E70-3LFG1156lI

apb_pclk_i Fmax

Configuration ahb_hclk_i Fmax (MHz)! Registers | LUTs2 | EBRs

(MHz)*
Default 250 81.16 982 1492 0
Enable Page Program Buffer: Checked,
Enable Page Read Buffer: Checked, 250 108.32 1083 2055 0

Others = Default
Enable Page Program Buffer: Checked,
Page Program Buffer Memory Type: EBR, 250 126.39 1028 1592 1
Others = Default
Enable Page Read Buffer: Checked,
Page Read Buffer Memory Type: EBR, 250 113.2 1043 1587 1
Others = Default
Enable Page Program Buffer: Checked,
Enable Page Read Buffer: Checked,
Page Buffer Interface: AHBL, 250 106.406 1153 2226 0
SCLK Rate: 1,
Others = Default

Notes:

1. Fmaxis generated when the FPGA design only contains SPI Flash Controller IP Core, and the target frequency is 100 MHz for
ahb_hclk_i and 50 MHz for apb_pclk_i. These values may be reduced when user logic is added to the FPGA design.

2. The distributed RAM utilization is accounted for in the total LUT4s utilization. The actual LUT4 utilization is distribution among
logic, distributed RAM, and ripple logic.

Table A.2. Resource Utilization using LAV-AT-E70-1LFG1156I

apb_pclk_i Fmax

Configuration ahb_hclk_i Fmax (MHz)* (MHz)t Registers | LUTs?2 | EBRs
Default 250 63.19 982 1492 0
Enable Page Program Buffer: Checked,
Enable Page Read Buffer: Checked, 250 74.93 1083 2055 0

Others = Default

Enable Page Program Buffer: Checked,
Page Program Buffer Memory Type: EBR, 250 88.22 1028 1592 1
Others = Default

Enable Page Read Buffer: Checked,
Page Read Buffer Memory Type: EBR, 250 77.56 1043 1587 1
Others = Default

Enable Page Program Buffer: Checked,
Enable Page Read Buffer: Checked,

Page Buffer Interface: AHBL, 235.85 72.59 1153 2226 0
SCLK Rate: 1,

Others = Default

Notes:

1. Fmaxis generated when the FPGA design only contains SPI Flash Controller IP Core, and the target frequency is 100 MHz for
ahb_hclk_i and 50 MHz for apb_pclk_i. These values may be reduced when user logic is added to the FPGA design.

2. Thedistributed RAM utilization is accounted for in the total LUT4s utilization. The actual LUT4 utilization is distribution among
logic, distributed RAM, and ripple logic.
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Revision History

Revision 2.1, IP v2.0.0, July 2025
Section Change Summary

In Table 1.1. Summary of the SPI Flash Memory Controller IP:
e  Added LFD2NX-15 and LFD2NX-25 to Targeted Devices.

e  Added SPI Flash Memory Controller IP Core web page.

e  Updated listing name to Lattice Radiant Software web page.

Introduction

References

Revision 2.0, IP v2.0.0, December 2024
Section Change Summary

Cover Added IP version.

Abbreviations in This Document | Updated section title, description, and table header.

e InTable 1.1. Summary of the SPI Flash Memory Controller IP:
e  Added Certus-NX-RT and CertusPro-NX-RT to Supported FPGA Family.
e  Added IP Changes row.
e  Removed IP Version row.
e  Added LFD2NX-9 and LFD2NX-28 to Targeted Devices.
Introduction e  Added Resources row. . . . .
e  Updated IP core and software versions in Lattice Implementation.
e  Added note on Lattice Implementation.
e  Made minor editorial change.
e  Added the IP Support Summary section.
e  Removed the IP Validation Summary section.
e  Added the Hardware Support section.

Example Design Added introductory paragraph to list the evaluation board used for the example design.

e  Updated Figure 7.1. Module/IP Block Wizard, Figure 7.2. Configure User Interface of SPI
Flash Memory Controller IP Core, Figure 7.3. Check Generated Result, Figure 7.4.
Simulation Wizard, and Figure 7.5. Add and Reorder Source.

. Removed the IP Evaluation section.

Designing with the IP

e  Added SPI Flash Memory Controller IP Release Notes and Lattice Radiant Timing
Constraints Methodology.

. Removed Lattice Radiant Software User Guide, Lattice Propel Builder User Guide, and

References Lattice Propel SDK User Guide.

e  Added CrossLink-NX PCle Bridge Board, Lattice Solutions IP Cores, and Lattice Solutions
Reference Designs web pages.

e  Made minor editorial change.

Revision 1.9, June 2024

Section Change Summary
All Updated document title.
Acronyms in This Document Added items.

e In Overview of the IP section:
e  Removed slave designation in relation to ports.
e  Added additional description for control port.

e  Updated IP version and Lattice Implementation in Table 1.1. Summary of the SPI Flash
Memory Controller IP in Quick Facts section.

e  Updated bus interface names to Data Port AHB-Lite Subordinate interface and Control
Port APB Completer interface in Features section.

. In IP Validation Summary section:

Introduction
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Section

Change Summary

e Minor editorial changes.
e  Updated Lattice Avant IP version in Table 1.2. IP Validation Level.

Functional Description

e  Updated Figure 2.1. SPI Flash Memory Controller IP Core Functional Diagram in IP
Architecture Overview section.

. Updated Byte/Halfword/Word Direct Read or Write section.

e  Updated description for Advanced Peripheral Bus Interface in Table 2.1. User Interfaces
and Supported Protocols in User Interfaces section.

IP Parameter Description

e  Minor formatting changes to the following figures in SPI First Transmitted Bit section:
e  Figure 3.5. SPI Flash Write Transaction with MSB as First Transmitted Bit
e  Figure 3.6. SPI Flash Read Transaction with MSB as First Transmitted Bit
e  Figure 3.7. SPI Flash Write Transaction with LSB as First Transmitted Bit
e  Figure 3.8. SPI Flash Read Transaction with LSB as First Transmitted Bit
e  Minor formatting changes to the following figures in AHB-Lite Byte Endianness section:
e  Figure 3.9. SPI Flash Write Transaction
e  Figure 3.10. SPI Flash Read Transaction
e  Minor formatting changes to the following figures in User Command section:
e  Figure 3.13. SPI Write Transaction using User-Defined Command
e  Figure 3.14. SPI Read Transaction using User-Defined Command

Signal Description

e  Updated the description for the following ports in Table 4.1. SPI Flash Memory Controller
IP Core Signal Description:
e ahbl_hwrite_i
e ahbl_hsel_i
e  ahbl_hburst_i
e ahbl_hresp_o
e  ahbl_hready_o
e apb_psel_i
e apb_pwrite_i
e apb_pready o
e Added the ahbl_hready_i port in Table 4.1. SPI Flash Memory Controller IP Core Signal
Description.

Example Design

Added Example Design section.

Designing with the IP

In Generating and Instantiating the IP section:

e  Updated Figure 7.1. Module/IP Block Wizard.

e  Updated Figure 7.2. Configure User Interface of SPI Flash Memory Controller IP Core.
e  Updated Figure 7.3. Check Generated Result.

References

e  Minor editorial changes.

e  Added reference A Step-By-Step Approach to Lattice Propel (FPGA-AN-02052).
e  Added link for Lattice Propel Software user guides and web page.

e  Added links for Avant-G and Avant-X web pages.

Revision 1.8, December 2023

Section

Change Summary

All

e  Changed document title to SPI Flash Memory Controller IP Core.
e  Restructured the whole document upon the new IP user guide template.

Disclaimers

Updated this section.

Introduction

e  Restructured all the subsections, adding the Quick Facts, Licensing and Ordering
Information, IP Validation Summary sections and changing the Naming Conventions
section title to the current.

e  General update to the features in the Features section.

Functional Description

e  General update to the IP Architecture Overview section.
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Section

Change Summary

Updated Figure 2.1. SPI Flash Memory Controller IP Core Functional Diagram.
Newly added the Clocking, Reset, and User Interfaces sections.
Other IP Specific Blocks/Layers/Interfaces section:

e  restructured the whole section upon the original Section 2.1.1 to Section 2.1.4 in
the previous version and made general update to contents;

e newly added User-Defined Flash Operations and IP Transaction Status sections.

IP Parameter Description

Restructured the Attributes Summary section upon the original Section 2.3 by:

e updating Table 3.1. Attributes Summary, changing Dependency on Other Attributes
for Control Port APB Address Width to Display information only;

e updating Table 3.2. Attributes Descriptions:

e  changing Description for Enable Page Program Buffer to Setting this to 1
indicates that page write data are locally stored before writing the entire page
to SPI flash;

e changing Description for Control Base Address to Specifies the base address for
the Control Port APB interface;

e updating Description for First Transmitted Bit, Data Port AHB Address width,
Data Port AHB Data Width, Data Port AHB Data Byte Endianness, Control Port
APB Address Width, and Control Port APB Data Width attributes.

Restructured the IP Parameter Settings for Example Use Cases section upon the original

Section 2.5 and made general update to the descriptions.

Removed the original Table 2.61 and Table 2.62 and newly added Table 3.5. AHB-Lite

Interface Data Endianness.

Updated the Flash Command section by:

e  adding the following APB interface register access to perform the SPI write
transaction using Block Erase Type 1:

Register read from ‘0x1C0’ to check the IP transaction status while performing the

flash operation. Wait until the read value is “0x0” to indicate end of the flash

operation;

e updating Figure 3.11. SPI Transaction for Block Erase Type 1 upon the original
Figure 2.12 in the previous version;

e changing the APB register access to perform the SPI read transaction using Status
Read from Wait for apb_ready_o to “Register read from ‘0x1C0’ to check the IP
transaction status while performing the flash operation. Wait until the read value is
“Ox0” to indicate end of the flash operation”.

Updated the User Command section by:

e adding “Register read from ‘Ox1CO’ to check the IP transaction status while
performing the flash operation. Wait until the read value is “Ox0” to indicate end of
the flash operation” to the sample procedure for an SPI flash write transaction;

e adding “Register read from ‘Ox1C0’ to check the IP transaction status while
performing the flash operation. Wait until the read value is “0x0” to indicate end of
the flash operation” to the sample procedure for an SPI flash read transaction.

Signal Description

Moved the original Section 2.2 to this section.

In Table 4.1. SPI Flash Memory Controller IP Core Signal Description, changed S Port AHB-
lite Interface to AHB-Lite Interface and C Port APB Interface to APB Interface.

Register Description

Moved the original Section 2.4 to this section.
Changed Register 0x00 to 0x000, 0x04 to 0x004, 0x08 to 0x008, 0x0c to 0x00c, 0x10 to
0x010, 0x14 to 0x014, 0x18 to 0x018, Ox1c to Ox01c, 0x20 to 0x020, Ox24 to 0x024, 0x28
to 0x028, Ox2c to 0x02c, 0x30 to 0x030, 0x40 to 0x040, 0x44 to 0x044, 0x80 to 0x080,
0x84 to
0x084, 0x88 to 0x088, 0x8c to 0x08c, 0x90 to 0x090, 0x94 to 0x094, 0x98 to 0x098, 0x9c
to 0x09c, 0xa0 to 0x0a0.
Table 5.1. Summary of SPI Flash Memory Controller IP Core Registers:
e updated Description of USER CMD Read Data 0 and USER CMD Read Data 1;
e removed the Byte Program CFG register;
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Section

Change Summary

e changed Register Name of 0x190, 0x194, and 0x198 to Block Erase Type 1 CFG,
Block Erase Type 2 CFG, and Block Erase Type 3 CFG accordingly;

e changed Register Name of 0x1b0 to Deep Power Down CFG, and updated its
description;

e changed Register Name of 0x1b4 to Resume from Power Down CFG, and updated its
description.

In Table 5.5. Block Erase Type 1 Register, Table 5.6. Block Erase Type 2 Register, Table

5.7. Block Erase Type 3 Register, Table 5.8. Chip Erase Register, Table 5.11. Status Read

Register, and Table 5.12. Status Write Register, Table 5.15. Manufacturer ID Register, and

Table 5.16. SPI Flash Address Register, and Table 5.19. User CMD Address Register,

updated Description of the corresponding register.

In Table 5.28. Page Program Size Register, updated the Bits column.

In Table 5.29. Page Read Size Register, updated the Bits and Description columns.

Removed the original Section 2.4.37.

In the Deep Power Down CFG Register Ox1b0 section, updated the register name to Deep

Power Down CFG.

In the Resume from Power Down CFG Register 0x1b4 section, updated the register name

to Resume from Power Down CFG.

In the Read Manufacturer ID CFG Register Ox1b8 section, updated the register name to

Read Manufacturer ID.

In Table 5.50. Transaction Status Register, updated the Name column.

Updated Bits, Access Mode, and Description in Table 5.53. Page Program Buffer Register

and Table 5.54. Page Read Buffer Register.

Designing with the IP

Changed the section title from IP Generation, Simulation, and Validation to Designing
with the IP.

Changed the section title of Generating and Instantiating the IP to the current.

Updated Figure 6.1. Module/IP Block Wizard, Figure 6.2. Configure User Interface of SPI
Flash Memory Controller IP Core, Figure 6.3. Check Generated Result, and Figure 6.6.
Simulation Waveform.

Restructured information of generated files of the IP core into Generated Files and File
Structure.

In Table 6.1. Generated File List, newly added the eval/constraint.pdc attribute.

Newly added the Constraining the IP section.

Resource Utilization

Removed the original Table A.1 and Table A.2.

Changed device name from LAV-AT-500E-3LFG1156/ to LAV-AT-E70-3LFG1156/ and
updated the corresponding resource utilization in Table A.1. Resource Utilization using
LAV-AT-E70-3LFG1156I.

Changed device name from LAV-AT-500E-1LFG1156] to LAV-AT-E70-1LFG1156/ and
updated the corresponding resource utilization in Table A.2. Resource Utilization using
LAV-AT-E70-1LFG1156I.

Revision 1.7, August 2023

Section

Change Summary

Functional Description

Added Flash Memory Map Size attribute in Table 2.2. Attributes Table and Table 2.3.
Attributes Descriptions.
Added offset addresses Transaction Status, Page Read Buffer Data Count Status, and
Page Read Buffer Address Status for status registers in Table 2.4. Summary of SPI Flash
Memory Controller IP Core Registers.
Added RW1C access type in Table 2.5. Access Type Definition.

e  Added Transaction Status Register 0x1CO, Page Read Buffer Data Count Status

Register 0x1C4, and Page Read Buffer Address Register 0x1C8 sections.

IP Generation, Simulation, and
Validation

Updated Figure 3.1. Module/IP Block Wizard, Figure 3.2. Configure User Interface of SPI
Flash Memory Controller IP Core, and Figure 3.3. Check Generated Result as per IP
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Section

Change Summary

spi_flash_controller version 1.7.0.

e Added attributes dut_inst.v, dut_params.v, tb_top.v and test_stimuli.v in Table 3.1.
Generated File List.

Revision 1.6, May 2023

Section

Change Summary

All

Removed sector size information.

Functional Description

e Updated subsection headings under Register Description.

e Updated 0 to 1in the description of Table 2.31. Page Program Size Register and Table
2.32. Page Read Size Register.

IP Generation, Simulation, and
Validation

Updated Figure 3.1. Module/IP Block Wizard, Figure 3.2. Configure User Interface of SPI
Flash Memory Controller IP Core, and Figure 3.3. Check Generated Result as per IP
spi_flash_controller Version 1.6.0.

Revision 1.5, April 2023

Section

Change Summary

Introduction

Added Supports all SPI clocking modes (combination of clock polarity and clock phase) in
Features section.

Functional Description

e Added SCLK polarity and SCLK phase attributes in Table 2.2. Attributes Table and Table
2.3. Attributes Descriptions.

e  Added SCLK polarity and SCLK phase registers in Table 2.4. Summary of SPI Flash
Memory Controller IP Core Registers.

e  Updated from location to bit in Table 2.11. Chip Erase Register, Table 2.12. Write Enable
Register, and Table 2.13. Write Disable Register.

e  Updated description from Indicates the current status of SPI flash after read to this
register to Read the Status Register of SPI flash in Table 2.14. Status Read.

e  Updated below figures to correct the vertical broken lines:
e  Figure 2.2. Clocking Mode 0 (SCLK Polarity=0, SCLK Phase=0)
e  Figure 2.3. Clocking Mode 1 (SCLK Polarity=0, SCLK Phase=1)
e  Figure 2.4. Clocking Mode 2 (SCLK Polarity=1, SCLK Phase=0)
e  Figure 2.5. Clocking Mode 3 (SCLK Polarity=1, SCLK Phase=1)
e  Figure 2.6. SPI Flash Write Transaction with MSB as First Transmitted Bit
e  Figure 2.7. SPI Flash Read Transaction with MSB as First Transmitted Bit
e  Figure 2.8. SPI Flash Write Transaction with LSB as First Transmitted Bit
e  Figure 2.9. SPI Flash Read Transaction with LSB as First Transmitted Bit
e  Figure 2.10. SPI Flash Write Transaction
e  Figure 2.11. SPI Flash Read Transaction
e  Figure 2.12. SPI Transaction for Block Erase Type 1
e  Figure 2.13. SPI Transaction for Status Read
e  Figure 2.14. SPI Write Transaction using User-Defined Command
e  Figure 2.15. SPI Read Transaction using User-Defined Command
e  Added SCLK Polarity Register and SCLK Phase Register sections.
e  Added Clocking Modes (SCLK Polarity and SCLK Phase) section.
e Deleted Figure 2.2. Basic transaction on SPI Flash Controller.
e  Added SCLK to the title of Clocking Modes (SCLK Polarity and SCLK Phase) section.

IP Generation, Simulation, and
Validation

Updated Figure 3.1. Module/IP Block Wizard, Figure 3.2. Configure User Interface of SPI
Flash Memory Controller IP Core, and Figure 3.3. Check Generated Result as per IP
spi_flash_controller Version 1.5.0.

Technical Support Assistance

Added FAQ website link in Technical Support Assistance section.
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Section

Change Summary

Technical Support Assistance

Added reference link to Lattice Answer Database.

Revision History

Updated to incorporate Lattice standards and guidelines.

Revision 1.3, November 2022

Section

Change Summary

Introduction

e  Removed Quick Facts section.
e  Control port feature is fixed to enable.

Functional Description

e Updated Figure 2.1. SPI Flash Memory Controller IP Core Functional Diagram.

e  Updated Table 2.1. SPI Flash Memory Controller IP Core Signal Description to add
ahb_hclk_i and apb_pclk_i.

e Added the attributes First Transmitted Bit and Data Port AHB Data Byte Endianness to
Table 2.2. Attributes Table.

e  Removed Control Port from Table 2.2. Attributes Table and Table 2.3. Attributes
Descriptions.

e  Updated Table 2.4. Summary of SPI Flash Memory Controller IP Core Registers based on
added registers.

e  Updated Register Description section based on added registers.
e Added transaction waveforms in Operations Details section.

IP Generation, Simulation, and
Validation

e  Updated section names.

e  Updated Figure 3.1. Module/IP Block Wizard, Figure 3.2. Configure User Interface of SPI
Flash Memory Controller IP Core, Figure 3.3. Check Generated Result, Figure 3.4.
Simulation Wizard, Figure 3.5. Add and Reorder Source, and Figure 3.6. Simulation
Waveform.

Appendix A

Added the Resource Utilization section.

Revision 1.2, May 2021

Section

Change Summary

Introduction

Added MachX05-NX to the Supported FPGA Family, and LFMXO05-25 to the Supported User
Interfaces in Table 1.1. Quick Facts.

Core Generation, Simulation, and
Validation

Updated Figure 3.1. Module/IP Block Wizard, Figure 3.2. Configure User Interface of SPI
Flash Memory Controller IP Core, and Figure 3.3. Check Generated Result to show the latest
version 1.2.0.

Appendix A. Resource Utilization

e Added Table A.1. Resource Utilization for resource utilization of the SPI Flash Controller
IP Core for the LFMX05-25-9BBG400I.

e Added Table A.2. Resource Utilization for resource utilization of the SPI Flash Controller
IP Core for the LFMX05-25-7BBG400I.

Revision 1.1, June 2021

Section

Change Summary

All

Minor adjustments in formatting.

Introduction

Updated section content, including Table 1.1. Quick Facts to add CertusPro-NX support.

References

Added webpage for CertusPro-NX.

Revision 1.0, December 2020

Section

Change Summary

All

Initial release.
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