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1 IEC60730B Safety library example user guide

For easier development of the IEC60730B application, the library also provides the example code. This example
is distributed through the MCUXpresso SDK website and GitHub. This example user guide describes how to set
the hardware correctly and how to use the example code with the IEC60730B Safety library v5.0.

The library user guide is the main documentation for IEC60730B. It is also a part of this package and you can
download it from www.nxp.com/IEC60730.

2 Hardware settings

This chapter describes how to set up the hardware of the evaluation board. The MCU peripherals' setup is
described later on.

The IEC60730B library examples support the following development boards:

* FRDM-MCXA156
* FRDM-MCXA266
* FRDM-MCXA366
* FRDM-MCXA346
* FRDM-MCXC444
* FRDM-MCXE247
* FRDM-MCXE31B
* MCIMX93-EVK

To run the IEC60730B example application, it is necessary to adjust some hardware settings. For the default
configuration of your development board, see the corresponding board's user manual at www.nxp.com.

2.1 MCIMX93-EVK

The hardware requirements are as follows:

* i.MX93xx Mini development board (MCIMX93-EVK)
* J-Link debug probe

* USB-C cable

* USB-C cable (debug print)

Debugger:
The default debugger in the example project is set to J-Link.

FreeMASTER

FreeMASTER communication is used via an external J-Link plugin.

The hardware settings are as follows:

1. Connect the 12-V power supply (J301 USB port) and the J-Link debug probe to the board (J1405 JTAG
header) and switch the SW301 switch to power on the board.

2. If a debug print is needed, connect a USB-C cable between the host PC and the J1401 USB port on the
target board. Open the serial terminal with the following settings:

* 9600 baud rate
* 8 data bits
* No parity
¢ One stop bit
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* No flow control
3. Set the SW1301 switch to value "1101" to boot from the FlexSPI Serial NOR.

See www.nxp.com/imx93evk for more information.

Figure 1. Hardware connection of EVK-MIMX93

2.2 FRDM-MCXA156

Debugger:
To use the on-board debugger and power the board via USB, connect the USB to connector J15.

The default debugger in the example project is set to CMSIS-DAP. Make sure to select SWD as the debugger
connection interface.
FreeMASTER

FreeMASTER communication is used via an onboard debugger with a speed of 9600 bd.

See the NXP website for more power and boot options.

The ADC module on the FRDM-MCXA156 does not allow the VreflL, VrefH, and Bandgap to connect internally
to the ADC input. Connect these signals (for the Analog I/O test) as follows:
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* VrefL - connect GND to Arduino_AO0 (J4-2).
* VrefH - connect VCC to Arduino_A1 (J4-4).

* Bandgap - connect a custom reference (for example 1.65 V) to Arduino_A2 (J4-6). The expected value of the
custom Bandgap can be set in the safety config.h file (#define ADC BANDGAP LEVEL 1.65).

Figure 2. Hardware connection of FRDM-MCXA156

The test voltage of 1.65 V is provided by the resistor voltage divider from the VCC (3.3 V).

2.3 FRDM-MCXA266

Debugger:
To use the onboard debugger and power the board via USB, connect the USB to connector J15.

The default debugger in the example project is set to CMSIS-DAP. Make sure to select SWD as the debugger
connection interface.

FreeMASTER

FreeMASTER communication is used via an onboard debugger with a speed of 9600 bd.

See the NXP website for more power and boot options.
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The ADC module on the FRDM-MCXA266 does not allow the VreflL, VrefH, and Bandgap to connect internally
to the ADC input. Connect these signals (for the Analog I/O test) as follows:

* VrefL - connect GND to Arduino_AO0 (J4-2).

* VrefH - connect VCC to Arduino_A1 (J4-4).

* Bandgap - connect a custom reference (for example 1.65 V) to Arduino_A2 (J4-6). The expected value of the
custom Bandgap can be set in the safety config.h file (#define ADC BANDGAP LEVEL 1.65).

Figure 3. Hardware connection of FRDM-MCXA266

The test voltage of 1.65 V is provided by the resistor voltage divider from the VCC (3.3 V).

2.4 FRDM-MCXA366

Debugger:
To use the onboard debugger and power the board via USB, connect the USB to connector J15.

The default debugger in the example project is set to CMSIS-DAP. Make sure to select SWD as the debugger
connection interface.
FreeMASTER

FreeMASTER communication is used via an onboard debugger with a speed of 9600 bd.
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See the NXP website for more power and boot options.

The ADC module on the FRDM-MCXA366 does not allow the VreflL, VrefH, and Bandgap to connect internally
to the ADC input. Connect these signals (for the Analog I/O test) as follows:

* VrefL - connect GND to Arduino_AO0 (J4-2).
* VrefH - connect VCC to Arduino_A1 (J4-4).

* Bandgap - connect a custom reference (for example 1.65 V) to Arduino_A2 (J4-6). The expected value of the
custom Bandgap can be set in the safety config.h file (#define ADC BANDGAP LEVEL 1.65).

Figure 4. Hardware connection of FRDM-MCXA366

The test voltage of 1.65 V is provided by the resistor voltage divider from the VCC (3.3 V).

2.5 FRDM-MCXA346

Debugger:
To use the onboard debugger and power the board via USB, connect the USB to connector J15.

The default debugger in the example project is set to CMSIS-DAP. Make sure to select SWD as the debugger
connection interface.

UG10319 All information provided in this document is subject to legal disclaimers. © 2025 NXP B.V. All rights reserved.
User guide Rev. 1.0 — 8 September 2025 Document feedback
6/28



https://www.nxp.com/pages/technical-documentation-feedback:WF-TECHNICAL-DOCUMENTATION-FEEDBACK?tid=pdfwf_UG10319

NXP Semiconductors UG1 031 9

IEC60730B Example User Guide

FreeMASTER

FreeMASTER communication is used via an onboard debugger with a speed of 9600 bd.

See the NXP website for more power and boot options.

The ADC module on the FRDM-MCXA346 does not allow the VreflL, VrefH, and Bandgap to connect internally
to the ADC input. Connect these signals (for the Analog I/O test) as follows:

* VrefL - connect GND to Arduino_AO0 (J4-2).

* VrefH - connect VCC to Arduino_A1 (J4-4).

* Bandgap - connect a custom reference (for example 1.65 V) to Arduino_A2 (J4-6). The expected value of the
custom Bandgap can be set in the safety config.h file (#define ADC BANDGAP LEVEL 1.65).

00000}
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-

Figure 5. Hardware connection of FRDM-MCXA346

The test voltage of 1.65 V is provided by the resistor voltage divider from the VCC (3.3 V).

2.6 FRDM-MCXC444

Debugger:
To use the onboard debugger and power the board via USB, connect the USB to connector J15.
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The default debugger in the example project is set to CMSIS-DAP. Make sure to select SWD as the debugger
connection interface.

FreeMASTER

FreeMASTER communication is used via an onboard debugger with a speed of 9600 bd.

See the NXP website for more power and boot options.

The ADC module on the FRDM-MCXC444 does not allow the VreflL, VrefH, and Bandgap to connect internally
to the ADC input. Connect these signals (for the Analog I/O test) as follows:

* VrefL - connect GND to Arduino_AO0 (J4-2).
* VrefH - connect VCC to Arduino_A1 (J4-4).

* Bandgap - connect a custom reference (for example 1.65 V) to Arduino_A2 (J4-6). The expected value of the
custom Bandgap can be set in the safety config.h file (#define ADC BANDGAP LEVEL 1.65).

Figure 6. Hardware connection of FRDM-MCXC444

The test voltage of 1.65 V is provided by the resistor voltage divider from the VCC (3.3 V).
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2.7 FRDM-MCXE247

Debugger:
To use the onboard debugger and power the board via USB, connect the USB to connector J15.

The default debugger in the example project is set to CMSIS-DAP. Make sure to select SWD as the debugger
connection interface.

FreeMASTER

FreeMASTER communication is used via an onboard debugger with a speed of 9600 bd.

See the NXP website for more power and boot options.

The ADC module on the FRDM-MCXE247 does not allow the VreflL, VrefH, and Bandgap to connect internally
to the ADC input. Connect these signals (for the Analog I/O test) as follows:

* VrefL - connect GND to Arduino_AO (J4-2).

* VrefH - connect VCC to Arduino_A1 (J4-4).

* Bandgap - connect a custom reference (for example 1.65 V) to Arduino_A2 (J4-6). The expected value of the
custom Bandgap can be set in the safety config.h file (#define ADC BANDGAP LEVEL 1.65).

Figure 7. Hardware connection of FRDM-MCXE247
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The test voltage of 1.65 V is provided by the resistor voltage divider from the VCC (3.3 V).

2.8 FRDM-MCXE31B

Debugger:
To use the onboard debugger and power the board via USB, connect the USB to connector J15.

The default debugger in the example project is set to CMSIS-DAP. Make sure to select SWD as the debugger
connection interface.

FreeMASTER

FreeMASTER communication is used via an onboard debugger with a speed of 9600 bd.

See the NXP website for more power and boot options.

The ADC module on the FRDM-MCXE31B does not allow the VrefL, VrefH, and Bandgap to connect internally
to the ADC input. Connect these signals (for the Analog I/O test) as follows:

* VrefL - connect GND to Arduino_AO (J4-2).
* VrefH - connect VCC to Arduino_A1 (J4-4).

* Bandgap - connect a custom reference (for example 1.65 V) to Arduino_A2 (J4-6). The expected value of the
custom Bandgap can be set in the safety config.h file (#define ADC BANDGAP LEVEL 1.65).
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Figure 8. Hardware connection of FRDM-MCXE31B

The test voltage of 1.65 V is provided by the resistor voltage divider from the VCC (3.3 V).

3 File structure

Safety is only a small part of the whole SDK package for your device. The IEC60730 library and examples are
located in the middleware and in the board folders. The IEC60730 library is independent of the SDK and can be
used stand-alone.

3.1 Library source files location

The library source files are in the middleware/safety_iec60730b/source folder in the SDK package.

The folder has the following structure:
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*Mame Ext

&[]

[common_test]

[compiler]

[core_test]
[ "] iec60730b_types h
[ ] iec60730b h

Figure 9. Folder structure

Where:

* The common_test folder contains the source files for the peripheral test - this is a common cross core. These
tests are compiled to library libIEC60730B_<core>_COM_<compiler>_<version>.a.

* The compiler folder contains compiler support files.

* The core_test folder contains the source files for the core-dependent test. These tests are compiled to library

libIEC60730B_<core>_<compiler>_<version>.a.

iec60730b.h is the main library header file.

iec60730b_types.h is the header file with the necessary defines for the library.

The folder also contains binary *.lib files, which are compiled for the IAR, Keil, and MCUXpresso IDEs (see the
release notes for details).

3.2 Example of library-handling code

The library-handling code and the example application are separate from the library file. The example source
files and other SDK examples are at this path: boards/<your board>/demo_apps/safety iec60730b/.

The safety example code is shown in Figure 10.
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+ Mame Ext
&1
[iar]
[linker]
j wectors_mcoux
j wectors_moux
j vectors_iar
j wectors_iar
] startup_mcux
startup_iar

[ = T T i T i D= T

safety_test_iterns

safety_iec60730b_v3_13 xrml

safety_iecB0730b_v3_14 xml

= safety_flash prp

j safety_config h

] safety_cmd_cm7_mcx h

j safety_crd_cm7_mex c

[er readme et

My readme md

j project_setup_frdmmexe3dlb

j project_setup_frdmmecxe3lb
pin_rnux

]
]
] safety_test_iterns
]
]
]

pin_rnux
rcux_config

] main

j isr

j freemaster_cfg

j device_informaticn

] cleck_config

j cleck_config

] board
] board

Figure 10. Example of project structure in example folder

[ D= D= s s e o T N o T S o T

This folder contains the example source files and folders for the IDE project file:
* jar
The following files are generated by the MCUXpresso configuration tool:

* clock_config.h
* clock _config.c
* pin_mux.c
* pin_mux.h

Other files are used only for safety examples and their contents are described in the next chapter.
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4 Example application

The structure of the example is common in all supported IDEs (IAR, Keil, MCUXpresso).

@ safety_iect0730b - 1AR Embedded Workbench IDE - Arm 8.40.1
File Edit Wiew Projeet J-link Tosls Window Help

Doe@ =& x&O DC 1L Q2 b rE g
Workspace * o x
debug w
Files O =
E @ salety_iecE0730b - debug ™ o+
-5 & board
H& B board.c a
b— Bl board h
& B clock_config o L
}— Bl clock_condig h
& B pin_muwxc .
L— B pin_rriech
-3 B CMSIS
= ™ componant L]
-2 i_--
8 B startc .
8 K startup_jarc -
& k] vectors_iarc .
L— Blwectors_iarh
2 B device
— [l fzl_dewvice_registers.h
— [k LPCE45h
— ] LPCB45_features. h
& B system_LPCE45.c .
L— B system_LPCEAS h
= M doc
= B dmvers .
& H FreeMASTER *
=@ B IECE0730_Class_B ]
-5 & source
— B freemaster_cfg h
— Elisth
& £ main.c L]
& [ project_setup_lpopressoBdSmeaxc &
— &l project_setup_lpcxpressofdsmaxh
@ £ satety_cmi_lpcc L]
— B safety_cml_lpch
— [ safety_config b
HE () safety_test_fems.c L]
L— B safety_test_temsh
& utilies ]
= & Qutput

Figure 11. IAR example application structure

The project contains the CMSIS, SDK, library, and safety example-related folders.
The safety-related folders are the following:

* Board - this folder contains the files related to the board used (clock_config.h, pin_config.h, board.h, and so
on).

* CPU - this folder contains the startup code and vectors table.

* I[EC60730 Class_B - files for the IEC60730B Safety library.

» Source - source file for the safety example (see the next explanation).
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The example of project hierarchy is shown in Figure 12.

isr.h
freemaster_cfg.h

safety_config.h » main.c

l l |

project_setup.c safety_eml.c safety_test_items.c
project_setup.h safety_cm0.h safety_test_items.h

|

IECE0730 Class B library

Figure 12. Example of project hierarchy

Figure 12 shows that the functions in the project _setup.c file are called from the main.c file. The library-
handling functions are located in the safety cm0O_mcx.c, safety_ cm4_cm7_mcx.c, safety cm33_mcx.c,
safety cm33_mcx.c file and also called from the main.c file.

The main example application header file safety config.h contains all definitions for running the safety
test in examples. The safety test items.c file declares the structures for the DIO (or TSI) safety test.

The project_setup _<your_board>.c file contains the setup functions (clock, port, UART, and so on). The
safety cm33_imx.c, safety cmO_mcx.c, safety cm4 _cm7_mcx.c, safety cm33 _mcx.c, file contains the
handling function for safety routines from the IEC60730B library and also the test-initialization function for
safety.

4.1 How to open the project

41.1 IARIDE

Open the project file located at boards/<your _board>/demo_apps/safety iec60730b/iar/safety iec60730b.eww.
Open the project file located at boards/<your_board>/demo_apps/safety iec60730b/mdk/safety iec60730b.
uvprojx.

Firstly, drag and drop the <name_of the package>.zip package into the MCUXpresso IDE (into the "Installed
SDKs" tab). Secondly, import the SDK example (safety iec60730b).
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If you are not familiar with the MCUXpresso IDE yet, see docs/Getting Started with MCUXpresso SDK for
<your_board>.pdf ("Build an example application" section).

4.2 Example settings - safety_config.h

The main example settings header file is safety _config.h. The necessary macros for the safety example are
defined in this file.

The "switch macros", which enable the user to turn off the calling of the safety test, are defined in the beginning.
When starting, turn off the FLASH test and the WDOG test. On LPC devices, turn off also the Clock test.

/* This macro enables infinity while loop in the SafetyErrorHandling() function
*
/

#define SAFETY ERROR ACTION 1

/* TEST SWITCHES - for debugging, it is better to turn the FLASH and WDOG tests
OFF. */

#define ADC_TEST ENABLED 1

#define CLOCK_TEST ENABLED 1

#define DIO_TEST ENABLED 1

#define FLASH TEST ENABLED 1

#define RAM TEST ENABLED 1

#define PC_TEST ENABLED 1

#define WATCHDOG ENABLED 1

#define FMSTR SERIAL ENABLE 1

Other defines are used to configure the safety test as a parameter to a function or to fill structures.

4.3 safety_test_items.c file

The safety_test items.c and .h files are the configuration files for the DIO test.

The file contains the fs_dio_test <platform>_t list of structures. The pointers to these structures are collected in
the dio_safety test items[] array, which is used in the example application.

fs dio test t dio safety test item 0 = {

.gpio = GPIOD BASE,

.pcr = PORTD BASE, /* Base address of PCR register */

.pinNum = 6,

.pinDir = PIN DIRECTION IN,

.pinMux PIN MUX GPIO,
}i
/* NULL terminated array of pointers to dio test t items for safety DIO test */
fs dio test t *g dio safety test items[] = {&dio safety test item O,
&dio_safety test item 1, NULL};

4.4 Source file - safety_cmXX_YYY.c/.h ( safety_cm0_mcx, safety_cm4_cm7_mcx,
safety_cm33_mcx, safety_cm33_imx.c)

The safety_cm0O_mcx.c, safety_cm4_cm7_mcx.c, safety cm33_mcx.c, safety cm33_imx.c source files and
the corresponding *.h files contain a library-handling function. Each function contains a detection mechanism. If
a safety error occurs, the SafetyErrorHandling() function is called.
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5 Running example

For the first run of the example on your hardware, it is recommended to turn off the Flash, WDOG, Clock, AlO,
and DIO tests. In the next step, turn them on step by step.

When the WDOG is turned off and a safety error happens, the example stays in an endless loop.

5.1 FreeMASTER monitoring

FreeMASTER is used as the external PC tool for real-time monitoring. FreeMASTER is also implemented in the
IEC60730B safety examples. For simplicity reasons, the MAP file is the source of the variable address. Before
connecting FreeMASTER to your application, make sure that the application is running.

Running FreeMASTER:

* Download and install FreeMASTER from www.nxp.com/freemaster.

* The example project is in the safety.pmp file. Open it.

Check the project settings for your application:

— Open "Project -> Options -> MAP Files". It must point to your output files.
IAR IDE and Arm Keil IDE

— Navigate to the boards/<your_board>/demo_apps/safety iec60730b/<compiler>/<debug or release>/*.out
file.

MCUXpresso IDE
— Navigate to the <workspace>/<project name>/<Debug or Release>/<project_name>.axf file.

Options .

Comm MAP Files ] Pack Dir] HTML Pages ] Demo Mode ] Views & Bars I

Default symbol file: |..'-Jar'-J:Iebug'-safety_iecED?EDh.out
File format: |Binar§,- ELF with DWARF2/DWARF4 dbg format. j Edit

List of all valid _Nardebug'safety iec60730b out Mew..
symboal files:
Del
View

Note: The file selected in the list will be used as default symbol file
when the project is opened

Behavior
[
[# List symbol emors (vanables using undefined symbols)
* AMways  Except afterinitial project load

oK | Cancel

Figure 13. Example of setting MAP files for FRDM-KV11 board
— Open "Project -> Options -> Comm" and select a correct RS-232 connection and speed. The connection
speed is in the safety config.h file's "SERIAL_BAUD_ RATE" macros. By default, this speed is set to 9600
bd.
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Options X ‘
Comm | MAP Files | Pack Dir| HTML Pages | Demo Mode | Views & Bars |
— Communication
® RS232 Pott |COM_ALL v | |AIICOM prts will be scanned
Speed. I%D[} - I Timeouts... I
(" Plug-in module: | Ll
Connect string | _:J _onfigure |
[ Save settings to projectfile [v Save setlings to regisiry, use it as default
Communication state on startup and on project load
{~ Open port at startup
(@ Do notopen port at startup
(— Store port state on exit. apply it on startup
[~ Store state to projectfile, apply upon its load Advanced...
OK Cancel Apply
Figure 14. Setting UART speed
* Now you can connect to the development board by pressing "CTRL+G" or clicking the "GO" button:
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| @3-
File Edit View Explorer Project Tools Help I
Dmu e [ Eal ﬂ . f‘ 7 Tahoma =k 8 el sl F@JE@
/
I B i oo ication (Ctrl+ G) ek deereten |
Open port and and start

y .
¥ Demo o munication Name Value __Unit | Period

L4 Demorecoraer - 5afetyCommon.CPU_control_test_result 0x%0 HEX 1000

q_sSafetyCommon.CPU_non_stacked_test_result 0x0 HEX 1000

| g_sSafetyCommon.CPU_primask_test_result 00 HEX 1000

! | g_sSafetyCommon.CPU_req_test_result 0x0 HEX 1000
| 0_sSafetyClockT est.clockTestContext 102 DEC 100

q_sSafetyClockTest.clockTestExpected 102 DEC 1000

q_sFlashConfig.checksumi1a 0xe25b HEX 1000

| q_sSafetyCommon.FLASH_test_result 0xe25b HEX 1000

q_sSafetyCommon.CLOCK_test result 0xi HEX 1000

| | g_sSafetyCommon.DIO_input_test_result 0x%0 HEX 1000

q_sSafetyCommon.DIO_output_test_result 0x0 HEX 1000

| g_sSafetyCommon.DIO_short_test_result 00 HEX 1000

| g_sSafetyCommon.AIO_test_result 0%704 HEX 1000

q_sSafetyCommon.PC_test_result Ox0 HEX 1000

q_sSafetyCommon.RAM_test_result 0x0 HEX 1000

| g_sSafetyCommon.STACK_test_result Ox0 HEX 1000

q_sSafetyWwdTest.watchdogResets ] DEC 1000

| g_sSafetyCommon.safetyErrors Ox0 HEX 1000

| EAppli(atimn Co... E\iariable Stimulus

Open port and and start communication Not connected

Figure 15. Safety example FreeMASTER application

» Usually, the AlO test is a number of results oscillating between 0x0 and 0x704 (test passed and test in
progress).

5.2 Post-build CRC calculation

The post-build CRC calculation can be used in several ways, depending on the IDE's built-in options. In IDEs
that do not have the built-in options (like MCUXpresso and uVision Keil), use the SRecord tool.

SRecord is a stand-alone utility for memory manipulation. This utility and all information about it are available at
Peter Miller’s http://srecord.sourceforge.net/ webpage.

In the IAR IDE, use the "ielftool" integrated feature.

Note: The invariable memory test can be turned off/on in file safety config.h file.

5.2.1 IAR IDE post-build CRC

The IAR Embedded Workbench IDE has a built-in feature (Build Actions) for executing actions from files or
custom commands.

The IDE provides several options for when these actions are executed relative to the build stages:

» Before compilation
* Before linking
 After linking

* Automatically
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5.2.1.1 Post-build configuration

To view or modify the post-build command go to the "Options — Build Actions — Build Action Configuration”
menu.

The following post-build string is set in the project:

For devices supporting CRC16:

ielftool --fill OxFF;c checksumStart-c checksumEnd+3 --checksum
___checksum:2,crcl6,0x0; c_checksumStart-c checksumEnd+3 --verbose "$TARGET PATH
s "$TARGET_PATH$"

For devices supporting CRC32:

ielftool --fill OxFF;c checksumStart-c checksumEnd+3 --checksum
__ checksum:4,crc32:1i,0xFFFFFFFF;c checksumStart-c checksumEnd+3 --verbose
STARGE T PA THS STARGE T PA THS

This command performs two main operations on the *.elf file after the build:

e ——-fill OxFF+c_checksumStart-c_checksumEnd+3 fills the memory region from ¢_checksumStart
to ¢_checksumEnd+3 with the value of "OxFF".

e —-checksum__checksum:2,crcl6,0x0;c_checksumStart-c_checksumEnd+3 calculates a CRC16
checksum over the same region and inserts the result at the "__checksum" symbol.

The rest of the command (--verbose "$TARGET PATH$" "STARGET PATH$) enables a detailed output for
debugging and specifies the input and output file paths.
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Options for node "safety_

Category:

B T200

A T UL

General Options

Static Analysis

Runtime Checking
C/C++ Compiler
Assembler
Qutput Converter
Custom Build
Linker

Build Actions

Debugger

CADI
CMSIS DAP
E2/E2 Lite

Build Actions Configuration

Build actions:

Command line

ieftool fill ;xFF;c_checksum5Startc_c...

Simulator Edit Build Action

Command line:
ielftool —fill 0xFF;c_checksumStart-c_checksumEnd +3 —checksum __checksum: 2,crcis,

Build order  Output filefs)
Fostdink -

GDE Server

I-et
JLinkf1-Trace
TI Stellaris
Mu-Link

PE micra

G+ TN Output files (one per line):

Third-Party Cri
TI MSPFET

ST-LIMNE Input files {one per line):

| Working directory:

Build order:

Run after linking

Figure 16. Configuration of post-build steps

5.2.1.2 IAR linker settings

The command in the above example expects the "checksum_start_mark" and "checksum_end_mark"
memory sections to be defined in the linker.

This can be set as follows:

define block SAFETY FLASH BLOCK with alignment

{

readonly section checksum start mark,

UG10319
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section .text object main.o,

section .text object safety cm33 mcx.o,
section .rodata object safety cm33 mcx.o,
readonly section checksum end mark

}i

6 IEC60730B tests

The library contains the following tests:

* Analog I/O test

* Clock test

* CPU register test

Digital I/O test

* Invariable memory (flash) test

* Variable memory (RAM) test

* Program counter test

» Stack test

* Watchdog test

» Touch-sensing peripheral TSIv5 test

The following chapters describe each test with focus on the example application (debugging).

6.1 AIO test

The analog IO test procedure (if supported for the device) performs the plausibility check of the digital 10
interface of the processor. The analog IO test can be performed once after the MCU reset and also during
runtime.

There are three values tested in the application:

* VrefH

* VreflL

* Bandgap

Ensure that the ADC peripheral is set up correctly before calling the AlO test. In some cases, it is necessary

to connect this signal externally (by a wire) to the corresponding pin. The test is performed in a sequence, as
defined in the safety config.h file:

/* ADC test */

{

\
{ (uint32 t)ADC MIN LIMIT (0), (uint32 t)ADC MAX LIMIT (60)}, \

{ (uint32 t)ADC MIN LIMIT (ADC MAX), (uint32 t)ADC MAX LIMIT (ADC_MAX) },\

{ (uint32 t)ADC_MIN LIMIT (ADC_BANDGAP LEVEI, RAW),

(uint32 t)ADC MAX LIMIT (ADC_BANDGAP LEVEL RAW)}\ }

#define FS _CFG_AIO CHANNELS INIT {6, 5, 4} /* ADC Channels for V refl, V refh,
bandgap */

An example of the setting is shown above. The "FS_CFG_AIO_CHANNELS_INIT" macro defines that the ADC
channel 6 is tested first, with the limits corresponding to VrefL (GND). Channel 5 is tested next, with the limits of
VrefH (VCC). Channel 4 is tested next, with the limits for the Bandgap.
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6.2 Clock test

The clock test procedure tests the oscillator frequency for the CPU core in the wrong frequency condition.

Note: The default clock setting from the SDK library is used in the example. For a real application, ensure that
the reference clock source is not dependent on the primary (tested) clock.

6.3 CPU register

The CPU register test procedure tests all CPU registers for the stuck-at condition (except for the program
counter register). The program counter test is implemented as a stand-alone safety routine.

Some tests stay in an endless loop in case of an error, others return a corresponding error message.

6.4 DIO test
The Digital Input/Output (DIO) test procedure performs the plausibility check of the processor's digital 10
interface.

Note: Make sure that the time between the "set" and "get" functions is sufficient for the GPIO peripheral speed.

6.5 Invariable memory test

The invariable (flash) memory test provides a CRC check of a dedicated part of memory. This test can be turned
off in the safety_config.h file.

The test consists of the following two parts:

* Post-build CRC calculation of the dedicated memory.
* Runtime CRC calculation and comparison with the post-build result.

The post-build calculation is different for each IDE:

In the IAR IDE, the CRC is calculated by the IDE directly using the linker (see Options->Build Action). The
flash test is fully integrated to the example project in the IAR IDE. It is necessary to turn this test on in the
safety _config.h file.

In the uVision Keil IDE, the CRC is calculated by the Srecord third-party tool, which is called from the IDE (see

Options — User — After Build). The flash test is fully integrated to the example project in the uVison Keil IDE. It
is necessary to turn this test on in the safety config.h file. In case of any issues, see Arm uVison Keil IDE post-
build CRC.

In the MCUXpresso IDE, the CRC is calculated by the Srecord third-party tool. You must perform some
additional steps. For more information, see MCUxpresso post-build CRC.

Note: The invariable memory test example uses the crc.bat file for the post-build calculation, so this example
does not work on Unix/Mac operating systems.

Note: When you debug your application with the flash test turned on, be careful when using the breakpoint.
The software breakpoint usually changes the CRC result and causes a safety error.

6.6 Variable memory test

The variable memory on the supported MCU is the on-chip RAM. The RAM memory test is provided by the
MarchC or MarchX tests.

The test copies a block of memory to the backup area defined by the linker. Be sure that the BLOCK_SIZE
parameter is smaller than the backup area defined by the linker.
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Note: This test cannot be interrupted.

6.7 Program counter test

The CPU program counter register test tests the CPU program counter register for the stuck-at condition. The
program counter register test can be performed once after the MCU reset and also during runtime.

Note: The program counter test cannot be interrupted.

6.8 Stack test

This test routine is used to test the overflow and underflow conditions of the application stack. The testing of the
stuck-at faults in the memory area occupied by the stack is covered by the variable memory test. The overflow
or underflow of the stack can occur if the stack is incorrectly controlled or by defining the "too-low" stack area for
the given application.

Note: Choose a correct pattern to fill the tested area. This pattern must be unique to the application.

6.9 Watchdog test

The watchdog test provides the testing of the watchdog timer functionality. The test runs only once after the
reset. The test causes the WDOG reset and compares the preset time for the WDOG reset to the real time.

For this test to run correctly, keep the WDOG_backup variable in a part of memory that is not corrupted by the
WDOG reset.

Note: Some debuggers do not allow the WDOG reset. Due to this, it is necessary to turn off the WDOG when
debugging the application.

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.
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