AN14699

Firmware Update via SPI Flash Using Secondary Bootloader
Rev. 1.0 — 13 June 2025

Application note

Document information

Information Content

Keywords AN14699, FRDM-K32L2A4S, firmware update, secondary bootloader, SPI flash, LPSPI, dual

image update, CRC validation, flash protection, SRecord, MT25QL256ABA

Abstract This application note describes a method for updating firmware via external SPI flash using a

secondary bootloader on the FRDM-K32L2A4S development board. It extends the dual image
update concept to support external SPI flash memory accessed through the LPSPI interface.



https://www.nxp.com

NXP Semiconductors AN 1 4699

Firmware Update via SPI Flash Using Secondary Bootloader

1 Introduction

Dual image update is an important feature for advanced bootloaders. It assures that at least one image is
bootable and works properly at any time. If any accident happens, the bootloader detects the anomaly and uses
the previous image as a bootable image.

On the other hand, if the firmware is bigger than half of the ROM, dual image update is impossible. This
document expands the dual image update introduced in Firmware Update Using Secondary Bootloader
(document AN13947) to support external SPI flash via LPSPI, using FRDM-K32L2A4S.

2 Memory allocation

Begin by defining the memory addresses allocated for the secondary bootloader and the application image.
Figure 1 shows the memory allocation to update firmware safely by external flash.

Internal flash SPI flash
0x00000000 0xA0000000
2nd pootloader
0x00010000 BANKO
il e 0xA0080000
BANK1
0x00080000

aaa-060940

Figure 1. Memory allocation

The K32L2A41 has an internal 512 KB flash. Internal flash is used to store the second bootloader and a single
bank for application image. Application image always runs in the internal flash because LPSPI does not support
execute-in-place (XIP).

Let us assume that LPSPI helps access SPI flash (1 MB). The SPI flash contains two banks for storing
application images. A new application image is programmed into one of these two banks.

MCUXpresso IDE customizes the memory map easily, as shown in Figure 2.

Note: Also, customize the dimage.h accordingly.
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Figure 2. Memory map defined by MCUXpresso IDE

i Memory details (K32L2A41:000A)* Memory details (K32L2A41:000cA)*
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|
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3 Boot sequence

To load and run the latest application image with the second bootloader, perform the steps below:

1. Scan the internal flash for a CRC-valid image.

2. Scan the SPI flash for a CRC-valid image.

3. Load the latest application image into the internal flash.
4. Boot the image in the internal flash.

Figure 3 shows a typical case the product life cycle. Ver.0 is programmed in the internal flash and later updated

via external flash.
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Just after factory, Ver.0 is booted.

New firmware programmed
by current firmware.

2nd pootloader Now fi 2nd pootioader
Empty ew firmware Ly Ver.1
available A /
Ver.0 > Ver.0
Empty Empty
2nd pootloader 2nd pootloader
Ver.1 New firmware Ver.1
Reset L~ available
> sis I/ > Ver.1 N
Ver.1 : N
Empty 2 s Ver.2

Internal flash is programmed by second bootloader.
Ver.1 is booted.

New firmware programmed
by current firmware.
aaa-060941

Figure 3. Typical case of a product life cycle

Important: The two banks are used interchangeably to avoid bricking.

Figure 4 shows the case when the internal flash has an invalid image, for example, MCU powered off during
programming.

If internal flash has invalid image.

2nd pootloader
Ver.1

P
Ver.1 “
Empty

Internal flash is programmed by second bootloader again.
Ver.1 is booted.
aaa-060942

Figure 4. Boot sequence with invalid internal flash image

On the other hand, Figure 5 shows the case when the SPI flash has an invalid image, for example, a burst
error during programming. In both cases, the system successfully loads and boots the valid image using the
previously described procedure.

If SPI flash has invalid image.

2nd pootloader VerA
(invalid)
Ver.0
Empty

Invalid image is ignored.
Ver.0 is booted.
aaa-060968

Figure 5. Boot sequence with invalid SPI flash image
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4 Application image specification

Application image layout must follow a specific rule for the second bootloader to detect the image. This section
explains image layout, image header structure, and how to embed CRC into the image.

4.1 Image layout

Figure 6 shows the application image layout, which is similar to the layout described in Firmware Update Using
Secondary Bootloader (document AN13497). Application image must have an image header address at 0x28,
which points to the image header.

image marker and image header address

Image header [€ startup k3212adla.c X

__attribute__ ((used, section(".isr_vector”)))

0X1OC‘ void (* const g_pfnVectors[]) (void) = {
xxx_handlers // Core Level - CMOP
&_vstackTop, T
ResecISR,
Image header address (0x10C)
0x28
Image marker (OxOFFEB6B6)
0x24

Reserved

(void *)DUAL IMAGE MAKRER,
(void *)DUAL IMAGE HDR OFFSET,
SVC_Handler,

o,

0,
PendsV_Handler,
SysTick Handler,

xxx_handlers

Reset_Handler

_vStackTop

aaa-060943

Figure 6. Application image layout

4.2 Image header structure
Table 1 shows the image header structure.

Table 1. Image header structure

Offset Description

0x00 Header maker set to OXFEEDA5A5

0x04 Image type (NORMAL =0 or NO_CRC = 1)

0x08 Reserved

0x0C Image length: The length must represent the actual value. If the CRC value field falls within the length,
the total must be 4.

0x10 CRC value

0x14 Version

The image header is defined at the end of the vector table, as shown in the following snippet. SRecord embeds
the image length and CRC value after built. NO_CRC can be used to bypass CRC check when the debugger is
used.

__attribute  ((used, section(".isr vector")))
void (* const g pfnVectors[]) (void) = {
// Core Level - CMOP
& vStackTop, // The initial stack pointer

ResetISR,

CMP1 IRQHandler,
RTC IRQHandler,

AN14699

// The reset handler

// 65: CMP1l interrupt
// 66: RTC Alarm interrupt
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(void *)HEADER BLOCK MARKER, // Image header marker should always be set to
OxFEEDASAS

(void *)O0, // Image check type, with or without optional CRC

0, // Reserved word; must be 0

0, // Image length or the length of image CRC check
should be done.

0 // CRC value

r
(void *)O0 // Image version for multi-image support
}; /* End of g pfnVectors */

4.3 CRC calculation by SRecord

SRecord is used to embed CRC (polynomial: 0xedb88320) and image length into the final image. In the sample
project, "srec_cat @../srec/crc_cmd.ixt" is automatically executed after built as shown in Figure 7. Ignore the
warning, as the second bootloader disregards the hole (CRC value field position) in the same way that SRecord
does.

arm-none-eabi-gcc -nostdlib -Xlinker -no-warn-rwx-segments -Xlinker -Map="frdmk32

Memory region Used Size Region Size %age Used
PROGRAM FLASH: 286228 B 448 KB 62.39%
SRAM: 75420 B 128 KB 57.54%

USB RAM: 0 GB 2 KB 0.00%

Finished buiIding target: frdmk3212a4s_boot_loader_app.axf

Performing post-build steps
arm-none-eabi-size "frdmk3212a4s_boot_loader_ app.axf" ; arm-none-eabi-objcopy -v
text data bss dec hex filename
220684 65544 9876 296104 484a8 frdmk3212a4s _boot_loader app.axf
copy from ‘frdmk3212a4s boot loader app.axf' [elf32-littlearm] to ‘frdmk3212a4ds b
srec_cat: frdmk3212a4s boot_loader app.bin: 0x45E14: warning: The data presented
for CRC32 calculation has at least one hole in it. This is bad. It means
that the in-memory calculation performed by your embedded system will be
different than the calculation performed here. You are strongly advised to
use the "--fill OXFF --over <inoput>" filter *before* the CRC32 filter to
ensure both calculations are using the same byte values. See srec_info(1)
for how to see the holes.

Image header: Warning can be ignored
00000110: 00 00 00 00 00 00 00 0014 SE 04 00|44 70 92 BC| #........" ~..Dp.<
Image length CRC aaa-060945

Figure 7. CRC calculation by SRecord in the post-build step

5 Memory specification

This section describes some important notation about internal flash and SPI flash in a hardware perspective.

5.1 Internal flash

The flash memory module includes a memory controller that executes commands to modify flash memory
contents.

5.1.1 Parallel operation

Some operations cannot be executed simultaneously because the memories share certain hardware resources.
Only the operations marked "OK" in Table 2 are permitted to run simultaneously on the program flash
memories.

On the other hand, an interrupt is required to read external flash during programming the internal flash.

Therefore, interrupt must be disabled during flash operation to avoid vector fetch as shown in Figure 8, or you
encounter HardFault.
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Table 2. Allowed simultaneous memory operations

Program Flash 0 Program Flash 1
Read Program Sector erase Read Program |Sector erase
Program Read - OK OK OK
Flash 0 Program - OK
Sector Erase -
Program Read OK OK -
Flash 1 Program OK -
Sector Erase OK -

C fsl ftfx_controller.c (a893bf80~ ~ a893bf80) X

1251 #if FTFx_DRIVER_IS_FLASH RESIDENT

We pass the ftfx fstat address as a parameter to flash run _comamnd() instead of using
re-processed MICRO sentences or operating global variable in flash_run_comamnd()
* to make sure that flash_run_command() will be compiled into position-independent code (PIC). */
uint32 t primask = DisableGlobalIRQ();
callFtfxRunCommand ( (FTFx_REG8 ACCESS TYPE) (& TFx->ESTAT));
EnableGlobalIRQ(primask) ;
config->runCmdFuncAddr.commadAddr -= 1UL;
f#else

aaa-060948

Figure 8. Mitigating HardFault: Disable interrupts during flash command execution

5.1.2 Flash protection

Individual regions within the flash memory can be protected from program and erase operations. The FPROTn
registers control the protection. For 2*n program flash sizes, four registers typically protect 32 regions of the
program flash memory, as shown in Figure 9.

Program flash

0x0_0000
Program flash size/32 FPROT3[PROTO]
Program flash size/32 FPROT3[PROT1]
Program flash size/32 FPROT3[PROT2]
Program flash size/32 FPROT3[PROT3]
Program flash size/32 FPROTO[PROT29]
Program flash size/32 FPROTO[PROT30]
Program flash size/32 FPROTO[PROT31]

Last program flash address
aaa-060969

Figure 9. Flash protection regions

During the reset sequence, the FPROT registers are loaded with the contents of the program flash protection
bytes in the flash configuration field as indicated in Table 3.
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Table 3. Flash protection regions

Program flash protection register Flash configuration field offset address
FPROTO 0x000B
FPROT1 0x000A
FPROT2 0x0009
FPROT3 0x0008

The Flash Config in frdmk32l2a4s_boot_loader is used to protect the second bootloader as shown in
Figure 10.

The Flash Config is inherently protected as it resides within the first 64 KB of memory. If the flash
configuration field is protected, the users cannot erase or reprogram the flash configuration field to change
the protection settings. To ensure flexibility while maintaining security, enable mass erase when using flash
protection. For more details, refer to Using the Kinetis Security and Flash Protection Features (document
AN4507).

© __attribute__ ((used,section(".FlashConfig"))) const struct ({

unsigned int wordl;
unsigned int word2;
unsigned int word3;
unsigned int word4;

} Flash Config = {OxFFFFFFFF, OxFFFFFFFF, OxFFFFFF OxFFFF3DFE}:

Protect first 64 KB
aaa-060946

Figure 10. Flash protection by Flash_Config

The J-Link commander negates flash protection as shown in Figure 11. To streamline debugging, disable flash
protection, as negating it via J-Link each time requires more time and effort.
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B J-Link Commander V7.960 x B

Firmware: J-Link V11 compiled May 28 2024 15:36:02
Hardware version: V11.00

J-Link uptime (since boot): 8d 83h 02m U43s

S/N: 601015048

License(s): RDI, FlashBP, FlashDL, JFlash, GDB

USB speed mode: High speed (480 MBit/s)
VTref=3.168V

Type "connect” to establish a target connection, '?' for help
J-Link>connect
Please specify device / core. <Default>: K32L2AUIXXXXA
Type '?' for selection dialog
Device>
Please specify target interface:
J) JTAG (Default)
S) swp
T) cJTAG
TIF>S
Specify target interface speed [kHz]. <Default>: 4000 KHz
Speed>
Device "K32L2AUIXXXXA" selected.

Connecting to target via SWD
ConfigTargetSettings() start
ConfigTargetSettings() end - Took 5U6us
InitTarget() start
InitTarget()
SWD selected. Executing JTAG -> SWD switching sequence
InitTarget() end - Took 52.9ms
Found SW-DP with ID 0x2BAG1U4T7
DPIDR: 0x2BAG1U4T7
CoreSight SoC-460 or earlier
AP map detection skipped. Manually configured AP map found.
AP[@]: AHB-AP (IDR: Not set)
AP[1]: MEM-AP (IDR: Not set)
Iterating through AP map to find AHB-AP to use
AP[0]: Skipped ROMBASE read. CoreBaseAddr manually set by user
AP[@]: Core found
CPUID register: 0x416CC601. Implementer code: Ox41l (ARM)
Found Cortex-M® r@pl, Little endian
FPUnit: 2 code (BP) slots and @ literal slots
ROM table scan skipped. CoreBaseAddr manually set by user: 0xFO082000
Memory zones:
Zone: "Default" Description: Default access mode
Cortex-M@ identified
J-Link>unlock Kinetis
Found SWD-DP with ID ©x2BAO1UT7
Unlocking device...0.K.
J-Link>|

aaa-060947

Figure 11. Disable flash protection by J-Link commander

5.2 SPI flash interface by LPSPI

LPSPI can be used as an interface of SPI flash.

5.2.1 Command sequence by software

To read/program/erase external SPI flash, follow the specified command sequence. For example, Figure 12
shows the read command by LPSPI. As LPSPI does not support an external memory interface by hardware, the
software implements a command sequence. The command sequence must be common for most SPI flash. If
needed, update fsl_lpspi_nor_flash.c/h.

CS ;
SN OUNNRANWEN OORMEMAL X
mmmmm [ 0x00 1 0x00 | 0x00 ] 0x00 | [ 0:00 | 0x00 §0x00 ] 0x00 |
MOSI
| 0x00 ] 0x80 | 0x01 | 0x20 | | 0x4D | 0x01 J0x01 ] 0x00 | [ 0x88 ] 0x01 | 0x01 ] 0x00 |
MISO | LN—MHM UL
aaa-060956
Figure 12. Read command by LPSPI
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Figure 13 shows the write enable command. Due to DMA latency, the last falling edge in the 8-bit frame
experiences a delay at a high baud rate. However, this delay has no impact on SPI communication.

Cs

SCK

MOSI

MISO

aaa-060957

Figure 13. Write enable command by LPSPI

5.2.2 Pin assignment

To achieve a high bit rate:

* Use fast pins (PTE20, PTE21, PTE22, PTE23, PTD4, PTD5, PTD6, and PTD7)
* Use high drive pins (PTC3, PTC4, PTD4, PTD5, PTD6, and PTD7)

For more information about drive strength and slew rate, refer to K32 L2A Microcontroller with 512 KB Flash
and 128 KB SRAM (document K32L2Ax).

6 Running the demo

Figure 14 shows the test case described in this section, which reproduces a typical product life cycle.

Ver.0 is programmed by debugger. New firmware programmed

by current firmware.

2nd pootloader Pross o' k 2nd pootloader
Empty ress p key Loy Ver.1
from PC //
Ver.0 > Ver.0
Empty Empty
2nd pootloader
Ver.1
Reset L~
— Ver6- A‘/
Ver.1
Empty

Internal flash is programmed by second bootloader.
Ver.1 is booted.

Figure 14. Test case

aaa-060950
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6.1 Overview

The demo is composed of the following two projects:

e Bootloader
* Application

The proprietary files for each projects are as follows:

* boot_loader: source/, dimage/
* boot_loader_app: source/, dimage/, startup/

Nothing is special except for them.
The test environment is as follows:

FRDM-K32L2A4S

MCUXpresso IDE v24.12.148

MCUXpresso SDK v24.12.00

Pmod SF3 (SPI NOR flash, MT25QL256ABA)

SRecord 1.65

Note: Do not forget to download and paste bin directory under frdmk32/2a4s_boot loader_app/srec as
shown in Figure 15.

MCUXpressolDE_24.12.148 > workspace > frdmk32l2ads_boot_loader_app > srec

N Sort v = View v
Name a Date modified Type Size
=] cre_emd.txt 1/22/2025 12:14 PM Text Source File 1KB
libgcc_s_seh-1.dll 10/13/2022 6:09 PM Application extens... 106 KB
libgcrypt-20.dll 4/1/2022 8:34 PM Application extens... 1,265 KB
libgpg-error-0.dil 10/13/2022 5:13 PM Application extens... 203 KB
libstdc++-6.dll 10/13/2022 6:09 PM Application extens... 1,978 KB
libwinpthread-1.dll 10/16/2022 5:46 AM Application extens... 57 KB
[®] srec_cat.exe 10/19/2022 9:58 AM Application 1,504 KB
) srec_cmp.exe 10/19/2022 9:58 AM Application 1,055 KB
[®] srec_info.exe 10/19/2022 9:58 AM Application 1,061 KB

Don’t forget to download and paste bin directory
under frdmk32I2a4s_boot_loader_app/srec. aaa-060944

Figure 15. Download and paste bin of SRecord 1.65

6.2 Hardware setup

For hardware setup, perform the following steps:

1. Connect LPSPI master and Pmod SF3, as listed in Table 4.
2. Connect the board and PC via USB, as shown in Figure 16.

Table 4. Pin assignment

LPSPI master SPI flash

Function Location Function Location

MISO J4-5 MISO J1-3

MOSI J4-3 MOSI J1-2
AN14699 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.
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Table 4. Pin assignment...continued

LPSPI master SPI flash

Function Location Function Location
SCK J4-1 SCK J1-4

PCSO0 J4-7 PCSO J1-1

GND J3-14 GND J1-5, J1-11
vVCC J3-4 VCC J1-6, J1-12
VCC J3-8 WP J1-9

VCC J3-8 HLD J1-10

aaa-060949

Figure 16. Hardware setup

6.3 Running the project

1. Open boot_loader and boot_loader_app projects from file system, as shown in Figure 17.
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B8 Import Projects from File System or Archive

Import Projects from File System or Archive

This wizard analyzes the content of your folder or archive file to find projects and import them in the IDE.

[m] X

=

Import source:

C:\_ddm\MCUXpressolDE_24.12.148\workspace v

Directory... Archive...

type filter text

Select All

Folder
workspace\frdmk3212ads_boot_loader
workspace\frdmk3212ads_boot_loader_app

O

Import as Deselect All
Eclipse project
Eclipse project

2 of 6 selected

(O Hide already open projects

(D Close newly imported projects upon completion

Use installed project configurators to:
Search for nested projects
Detect and configure project natures

Working sets
(D Add project to working sets

Warking sets

New..

Select...

Show other specialized import wizards

(©)

< Back Next >

Figure 17. Open projects from file system

2aa-060951

2. Mass erase the internal flash by GUI Flash Tool as shown in Figure 18.

38 GUI Flash Tool

Erase flash
Target: K32L2B31xxxxA

Probe Options
Probe specific options

GUI Flash Tool for:
MCUXpresso IDE LinkServer (inc. CMSIS-DAP) probes

Connect script

[Kinetisconnect.scp

v | Workspace... H File System... ‘

Default Flash Driver a

| Workspace... | File System...

Reset Handling [Default

g

Flash Reset Handling ‘ Default

v

Boot ROM Stall [

l

Wire Speed |

l

Target Operations
Select the target flash operation to perform

[JReset the target on connection [ Disable use of preconnect script

Program rErase

Resurrect locked Kinetis device|

Algorithm
Select the algorithm for flash erasing
(® Mass erase

(O Erase by sector

QO Check blank

Figure 18. Mass erase the internal flash by a GUI Flash Tool

v

o

aaa-060952

3. Program the second bootloader:

Start debugging frdmk32I2a4s_boot_loader. If the red LED blinks, that means no firmware is found in the
internal flash or the SPI flash. Defining a macro DIMAGE_DEBUG, displays the second bootloader’s log.

4. Build frdmk32I2a4s_boot_loader_app Ver.1:
a. Comment out #define INCLUDE NEWER FIRMWARE in main.c. Set .version=1in

startup_k32I2a41a.c.
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b. Build the project. An object file containing the image (Ver.1) is generated in app_bin.

5. Build frdmk32I2a4s_boot_loader_app Ver.0:
The Ver.1 image is embedded into the Ver.0 image for debug purpose.

a. Commentin #define INCLUDE NEWER FIRMWARE in main.c. Set .version
startup_k32I2a41a.c.

0in

b. Build the project. Binary image (Ver.0) is built in Debug or Release. This image is programmed into the

internal flash.

By recursively following this step, images can be generated containing versions 0, 1, 2, 3, and so on.

6. Program Ver.0 image into the internal flash:

a. Program frdmk32I2a4s_boot_loader_app_crc.bin in the internal flash by GUI Flash Tool as shown in

Figure 19.
38 GUI Flash Tool o X
! GUI Flash Tool for:
MCUXpresso IDE LinkServer (inc. CMSIS-DAP) probes
Program file into flash: frdmk32I2a4s_boot_loader_app_crc.bin
| Target: K32L2A41x00A
| Probe Options
Probe specific options
Reset script v | Workspace...  File System...
Connect script kinetisconnect.scp | Workspace... File System...
s Vorkspace... | File System
Reset Handling VECTRESET
Flash Reset Handling Default
| BootROM Stall
| Wire Speed
() Reset the target on connection (] Disable use of preconnect script
Target Operations
| Select the target flash operation to perform
Program ._Erase| Resurrect locked device|
| Actions
| Select the action to perform
© Program O Program (mass erase first)
| - i
| O Verify only O Check file areas blank
Options
| Select the options to apply
| File to program | S{workspace_loc\frdmk3212a4s_boot_loader_app 212245 b [[Worl ...| File System...
Format to use for programming ' axf @ bin *_crc.bin
Base address ‘
(@ Reset target on completion 0x10000
| General Options
| Flash programming tool options
| Additional options
(O Repeat on completion (@ Enable flash hashing () Preview command
| Clear console
|
Run... Cancel
aaa-060954
Figure 19. Programming frdmk32I2a4s_boot_loader_app_crc.bin in the internal flash

b. After reset, "Ver.0 booted" is displayed in the console as shown in Figure 20.
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| E COM36 - Tera Term VT - o X
| File Edit Setup Control Window Help

scan golden region...

image found: ©x 10000
header_marker :@xFEEDA5AS -

: 7] Ver.0 image |
image_ type 10X 0

reserved :0x PRl found in the internal flash.

img_len 10X 26450

crc_value :0x4C900704

version 10X 0

scan backup region...

golden image ok, no backup image, boot
er.0 booted.

Press any key. (e: erase, p:program)

aaa-060953

Figure 20. After reset, "Ver.0 booted" is displayed
7. Update the firmware:
a. To program Ver.1 into the SPI flash, press the 'p’ key.

Note: If you want to erase the image in the SPI flash while debugging, press 'e' key to erase both
BANKO and BANKT1 in the SPI flash.

b. After reset, "Ver.1 booted" is displayed in the console as shown in Figure 21.

) COM36 - Tera Term VT - o x
|File Edit Setup Control Window Help
scan golden region...
image found: 0x 10000
header_marker :0xFEEDAS5AS
i 10x 0
H e 0
10x 26450
:0x4C900704
version 10x 0
scan backup region...
golden image ok, no backup image, boot
IVer‘.O booted.
Press any key. (e: erase, p:program)
Press ‘p’ key s [}
Programmed .
erified.
> Press any key. (e: erase, p:program)
Reset by SW1 scan golden region...
image found: Ox 10000
header_marker :0xFEEDA5AS
Ver.0 still exists image_type 10X 0
in the internal flash. | (SISa%=] 10x 0
img_len 10X 26450
crc_value :0x4C900704
version 10X 0
scan backup region...
image found: 0xA0000000
header_marker :0xFEEDA5AS
Ver.1 found image_type 10X 0
in the SPI flash. reserved 10x 0
img_len :0x  12DD8
crc_value :0x429EFBA4
version H2 1
backup image version higher, copy to golden area
er.1 booted.
Press any key. (e: erase, p:program)

aaa-060955
Figure 21. Firmware updated successfully
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7 Note about the source code in the document

Example code shown in this document has the following copyright and BSD-3-Clause license:

Copyright 2025 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials must be provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS I1S" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN
CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN

ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH
DAMAGE.

8 Revision history

Table 5 summarizes the revisions to this document.

Table 5. Revision history

Document ID Release date Description

AN14699 v.1.0 13 June 2025 Initial public release
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