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Chapter 1

MCIMX93-QSB

1.1 Overview

MCU device and part on board is shown below:
* Device: MIMX9322
* PartNumber: MIMX9322CVXXM

1.2 Getting Started with MCUXpresso SDK Package

1.2.1 Getting Started with Package
Overview

The NXP MCUXpresso software and tools offer comprehensive development solutions designed
to optimize, ease and help accelerate embedded system development of applications based on
general purpose, crossover and Bluetooth-enabled MCUs from NXP. The MCUXpresso SDK in-
cludes a flexible set of peripheral drivers designed to speed up and simplify development of
embedded applications. Along with the peripheral drivers, the MCUXpresso SDK provides an
extensive and rich set of example applications covering everything from basic peripheral use
case examples to demo applications. The MCUXpresso SDK also contains optional RTOS inte-
grations such as FreeRTOS and Azure RTOS, and device stack to support rapid development on
devices.

For supported toolchain versions, see MCUXpresso SDK Release Notes for MCIMX93-QSB (docu-
ment MCUXSDKMCIMX93QSBRN).

For the latest version of this and other MCUXpresso SDK documents, see the MCUXpresso SDK
homepage MCUXpresso-SDK: Software Development Kit for MCUXpresso.



http://www.nxp.com/products/software-and-tools/run-time-software/mcuxpresso-software-and-tools/mcuxpresso-software-development-kit-sdk:MCUXpresso-SDK
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Application Code

Stacks and Middleware
(Connectivity, Security, Board Support
DMA, Filesystem, etc,)

Peripheral Drivers

CMSIS-CORE and CMSIS-DSP

(Device Header Files: Core Access Functions, Intrinsics, Peripheral & Interrupt Definitions, DSP Library)

Microcontroller Hardware

MCUXpresso SDK board support folders

MCUXpresso SDK board support provides example applications for NXP development and eval-
uation boards for Arm Cortex-M cores. Board support packages are found inside of the top level
boards folder, and each supported board has its own folder (MCUXpresso SDK package can sup-
port multiple boards). Within each <board_name> folder there are various sub-folders to classify
the type of examples they contain. These include (but are not limited to):

* cmsis_ driver__examples: Simple applications intended to concisely illustrate how to use CM-
SIS drivers.

* demo__apps: Full-featured applications intended to highlight key functionality and use cases
of the target MCU. These applications typically use multiple MCU peripherals and may lever-
age stacks and middleware.

* driver__examples: Simple applications intended to concisely illustrate how to use the MCUX-
presso SDK’s peripheral drivers for a single use case.

* rtos_examples: Basic FreeRTOS OS examples showcasing the use of various RTOS objects
(semaphores, queues, and so on) and interfacing with the MCUXpresso SDK’s RTOS drivers

* multicore_examples: Simple applications intended to concisely illustrate how to use middle-
ware/multicore stack.

Example application structure This section describes how the various types of example ap-
plications interact with the other components in the MCUXpresso SDK. To get a comprehensive
understanding of all MCUXpresso SDK components and folder structure, see MCUXpresso SDK
API Reference Manual.

Each <board_name> folder in the boards directory contains a comprehensive set of examples
that are relevant to that specific piece of hardware. Although we use the hello_ world exam-
ple (part of the demo_ apps folder), the same general rules apply to any type of example in the
<board_name> folder.

In the hello_world application folder you see the following contents:

4 Chapter 1. MCIMX93-QSB
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armgcc
]v— Toolchain folders: project and linkerfiles
iar
| board. -
re.c }— Board macro definitions (LEDs, buttons, etc)
| board.h

clock_config.c
N - < } Application-specific clock configuration
| clock_config.h
| demo_name.bin — Pre-compiled application
| demo_name.c = Application main source file

| demo_name.xml —» project definition file for MCUXpresso IDE and PG
| pin_mux.c
}— Application-specific pin mux

| __ readme.tst ~———p Descriptionand instructions for running

All files in the application folder are specific to that example, so it is easy to copy and paste an
existing example to start developing a custom application based on a project provided in the
MCUXpresso SDK.

Parent topic:MCUXpresso SDK board support folders

| pin_mux.h

Locating example application source files When opening an example application in any of
the supported IDEs, a variety of source files are referenced. The MCUXpresso SDK devices folder
is the central component to all example applications. It means the examples reference the same
source files and, if one of these files is modified, it could potentially impact the behavior of other
examples.

The main areas of the MCUXpresso SDK tree used in all example applications are:

* devices/<device name>: The device’s CMSIS header file, MCUXpresso SDK feature file and
a few other files

* devices/<device_name>/cmsis_ drivers: All the CMSIS drivers for your specific MCU
* devices/<device_name> /drivers: All of the peripheral drivers for your specific MCU

* devices/<device name>/<tool name>: Toolchain-specific startup code, including vector ta-
ble definitions

* devices/<device name>/utilities: Items such as the debug console that are used by many of
the example applications

* devices/<devices_name>/project_template: Project template used in CMSIS PACK new
project creation

For examples containing an RTOS, there are references to the appropriate source code. RTOSes
are in the rtos folder. The core files of each of these are shared, so modifying one could have
potential impacts on other projects that depend on that file.

Parent topic:MCUXpresso SDK board support folders

Toolchain introduction

The MCUXpresso SDK release for i.MX 93 includes the build system to be used with some
toolchains. In this chapter, the toolchain support is presented and detailed.

Compiler/Debugger The MCUXpresso SDK i.MX 93 release supports building and debugging
with the toolchains listed in Table 1.

The user can choose the appropriate one for development.

1.2. Getting Started with MCUXpresso SDK Package 5
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For supported toolchain versions, see MCUXpresso SDK Release Notes for MCIMX93-QSB (docu-
ment: MCUXSDKMCIMX93QSBRN).

* Arm GCC + SEGGER J-Link GDB Server. This is a command line tool option and it supports
both Windows OS and Linux OS.

* JAREmbedded Workbench for Arm and SEGGER J-Link software. The IAR Embedded Work-
bench is an IDE integrated with editor, compiler, debugger, and other components. The
SEGGER J-Link software provides the driver for the J-Link Plus debugger probe and sup-
ports the device to attach, debug, and download.

Com- Supported host Debug Tool website
piler/Debugger 0osS probe
ArmGCC/J-Link Windows J-Link developer.arm.com/open-source/gnu-
GDB server 0S/Linux OS Plus toolchain/gnu-rm
www.segger.com

| |IAR/J-Link | Windows OS |J-Link Plus|www.iar.com

Www.segger.com

|

Download the corresponding tools for the specific host OS from the website.
Note:

* To supporti.MX 93, the patch for IAR and Segger ]J-Link must be installed. To download, nav-
igate to https://www.nxp.com/webapp/Download?colCode=SDK_MX93_3RDPARTY_PATCH&appType=licens

Parent topic:Toolchain introduction

Run a demo application using IAR

This section describes the steps required to build, run, and debug example applications provided
in the MCUXpresso SDK. The hello_ world demo application targeted for the i. MX 93 QSB hardware
platform is used as an example, although these steps can be applied to any example application
in the MCUXpresso SDK.

Build an example application Perform the following steps to build the hello_world example
application.

1. Open the desired demo application workspace. Most example application workspace files
can be located using the following path:

<install _dir>/boards/<board_name>/<example type>/<application name> /iar

Using the . MX 93 QSB hardware platform as an example, the hello_ world workspace is lo-
cated in:

<install dir>/boards/mcimx93qsb/demo_apps/hello_world /iar/hello_ world.eww

Other example applications may have additional folders in their path.
2. Select the desired build target from the drop-down menu.

For this example, select hello_world — debug.

6 Chapter 1. MCIMX93-QSB
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I —

Relzaze

=2 @hello_world - Debug v
B board

M doc

B drivers

B source

B startup

B utilities

B Output

3. To build the demo application, click Make, highlighted in red in Figure 2.

Workspace
Debug

Files

E @ hello_world - Debug
M hoard

M doc

M drivers

W source

H startup

i utilities

| B Output

4. The build completes without errors.

Parent topic:Run a demo application using IAR

Run an example application To download and run the application, perform these steps:

1. This board supports the J-Link PLUS debug probe. Before using it, install SEGGER J-Link
software, as per the requirement listed in Toolchain introduction.

2. Connect the development platform to your PC via USB cable between the DBG USB connec-
tor and the PC USB connector.

3. Connect 12 V ~ 20 V power supply and J-Link Plus to the device.

4. Switch SW601[1:4] to the M core boot and ensure that the image is not available on the boot
source. For example, 0b1011 for MicroSD boot. Keep the SD slot empty.

5. Open the terminal application on the PC, such as PuTTY or TeraTerm, connect to the debug
COM port, see How to determine COM port, and configure the terminal with these settings:

1. 115,200 baud rate
2. No parity

3. 8 data bits

4. 1 stop bit

1.2. Getting Started with MCUXpresso SDK Package 7
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PUTTY Configuration X
Category:
= Session | Basic options for your PUTTY session ‘
- Logging _ .
= Terminal Specify the destination you want to connect to
- Keyboard Serial line Speed
- Bell COM4 115200
- Features ConnactionTy
& Window onnection type:
- Appearance (JRaw () Telnet ( )Rlogin ( )SSH | (@) Serial
‘I?z:]a;ac;ilgn Load, save or delete a stored session
.- Selection Saved Sessions
- Colours
= Connection -
- Data Default Settings Load
- Proxy
- Telnet Save
- Rlogin
H SSH Delete
- Serial
Close window on exit:
() Aways () Never (®) Only on clean exit
About Open Cancel

6. Power on the board.

7. In IAR, click Download and Debug to download the application to the target.
hne@ & x®wy oc [ j<Qrs=cvo0n be-=[o] t

-

8. The application then downloads to the target and automatically runs to the main() function.

DR = LEE OC ¢ Q>%2< Q>0 BB=GCcO (0 FF ]l r @3-
Vorkspace v 1 X |||e||o_world.( x|
Debug | 'mainf)
. 33

Files Bl P
2 @hello_world - Debug v 41 T # Prototypes
il board F I PP PP PP PP S PP SR S S PP PP Y
i doc 13
& drivers BU D] bR bbb b s bR bbb bR AR R R bR R R R RS R R R bR R R b bR EE b8 bR EE b8 R R b8 AR A
M source 15 T Cede
M startup T T T T T T L T T L -/
i utilities o T sl
-_Output 48 * @brief Main function

43 *

= 50 int main(void)

51 {

52 char ch;

53

54 /* Init board hardware. */

| 55 BORRD TnitHardware():
ce

9. Run the code by clicking Go to start the application.

8 Chapter 1. MCIMX93-QSB
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" 3=y > a -

| -

10. The hello_ world application is now running and a banner is displayed on the terminal. If
the application does not run or the banner is not displayed, check your terminal settings
and connections.

hello world.

|

**Note:** If the software is already running on the M core, the debugger loading image into TCM may get
—HardFault or a data verification issue. NXP recommends you to follow the steps above to use the debugger.
—Repowering the board is required to restart the debugger.

Parent topic:Run a demo application using IAR

Run a demo using Arm GCC

This section describes the steps to configure the command line Arm GCC tools to build, run, and
debug demo applications and necessary driver libraries provided in the MCUXpresso SDK. The
hello_ world demo application targeted for i.MX 93 is used as an example, though these steps can
be applied to any board, demo or example application in the MCUXpresso SDK.

Linux OS host The following sections provide steps to run a demo compiled with Arm GCC on
Linux host.

Set up toolchain This section contains the steps to install the necessary components required
to build and run a MCUXpresso SDK demo application with the Arm GCC toolchain, as supported
by the MCUXpresso SDK.

Install GCC Arm embedded tool chain Download and run the installer from
launchpad.net/gcc-arm-embedded. This is the actual toolset (in other words, compiler, linker,
and so on). The GCC toolchain should correspond to the latest supported version, as described
in the MCUXpresso SDK Release Notes (document MCUXSDKRN).

Note: See Host setup for Linux OS before compiling the application.

Parent topic:Set up toolchain

1.2. Getting Started with MCUXpresso SDK Package 9


https://launchpad.net/gcc-arm-embedded

MCUXpresso SDK Documentation, Release 25.12.00-pvw2

Add a new system environment variable for ARMGCC_DIR Create a new system environ-
ment variable and name it ARMGCC_DIR. The value of this variable should point to the Arm
GCC Embedded tool chain installation path. For this example, the path is:

$ export ARMGCC_ DIR=/work/platforms/tmp/gcc-arm-none-eabi-9-2019-q4-major

$ export PATH= $PATH:/work/platforms/tmp/gcc-arm-none-eabi-9-2019-g4-major

Parent topic:Set up toolchain

Parent topic:Linux OS host

Build an example application To build an example application, follow these steps.

1.

Change the directory to the example application project directory, which has a path similar
to the following:

<install _dir>/boards/<board_name>/<example type>/<application name>/armgcc.

For this example, the exact path is: <install dir>/boards/mcimx93qsb/ demo_apps/
hello_ world /armgcc.

. Run the build_ debug.sh script on the command line to perform the build. The output is

shown as below:

$ ./build_debug.sh

-- TOOLCHAIN_DIR: /work/platforms/tmp/gcc-arm-none-eabi-9-2019-q4-major

-- BUILD_TYPE: debug

-- TOOLCHAIN_ DIR: /work/platforms/tmp/gcc-arm-none-eabi-9-2019-q4-major

-- BUILD_TYPE: debug

-- The ASM compiler identification is GNU

-- Found assembler: /work/platforms/tmp/gcc-arm-none-eabi-8-2019-q3-update/bin/arm-none-eabi-gcc
-- Configuring done

-- Generating done

-- Build files have been written to:

/work/platforms/tmp/nxp/SDK\_2.12.0\  MCIMX93\ QSB/boards/mcimx93qsb/demo\ apps/hello\
—_ world/armgcc/demo)\ _apps/hello\__world /armgcc

Scanning dependencies of target hello_ world.elf

\[ 6%\] Building C object CMakeFiles/hello\ world.elf.dir/work/platforms/tmp/nxp/SDK\ 2.12.0\ _
—MCIMX93\ QSB/boards/mcimx93gsb/demo\ apps/hello\ world/hello\ world.c.obj

< -- skipping lines -- >

[100%] Linking C executable debug/hello_ world.elf

[100%)] Built target hello world.elf

Parent topic:Linux OS host

Run an example application To run a demo application using J-Link GDB Server application,
perform the following steps.

1.

Connect the development platform to your PC via USB cable between the DBG USB connec-
tor and the PC USB connector.

Connect 12 V ~ 20 V power supply and J-Link Plus to the device.

Switch SW601[1:4] to the M core boot and ensure that the image is not available on the boot
source. For example, 0b1011 for MicroSD boot. Keep the SD slot empty.

Open the terminal application on the PC, such as PuTTY or TeraTerm, connect to the debug
COM port, see How to determine COM port, and configure the terminal with these settings:

1. 115200 baud rate, depending on your board (reference
BOARD_DEBUG_UART_BAUDRATE variable in the board.h file)

2. No parity

10

Chapter 1. MCIMX93-QSB



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

3. 8 data bits

4. 1 stop bit
PuTTY Configuration
Category:

I Session Basic options for your PuTTY session
 Logging Specify the destinafi t t

- Terminal pecify the destination you want to connect to
- Keyboard Serial line Speed
- Bell COM4 115200
- Features g onTy

= Window onnection type:
. Appearance (ORaw () Telnet ( )Rlogin ( )SSH | (@) Serial
Behawopr Load, save or delete a stored session
- Translation
.- Selection Saved Sessions
- Colours

= Connection :
- Data Default Settings Load
- Proxy
- Telnet Save
- Rlogin

[+ SSH Delete
- Serial
Close window on exit:
(JAways ()Never  (® Only on clean exit
About Open Cancel

5. Power on the board.

6. Open the J-Link GDB Server application. Assuming the J-Link software is installed, the ap-
plication can be launched from a new terminal for the MIMX9322_M33 device:

$ JLinkGDBServer -jlinkscriptfile /opt/SEGGER/JLink/Devices/NXP /iMX93/NXP_iMX93 Connect
—CortexM33.JLinkScript -device MIMX9352 M33 -if SWD

GDBInit file: none
GDB Server Listening port: 2331
SWO raw output listening port: 2332

Terminal I/O port: 2333

Accept remote connection: localhost only
Generate logfile: off

Verify download: off

Init regs on start: off

Silent mode: off

Single run mode: off

Target connection timeout: 5000 ms

—————— J-Link related settings------

J-Link Host interface: USB

(continues on next page)

1.2. Getting Started with MCUXpresso SDK Package 11
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(continued from previous page)

J-Link script: Devices\NXP\iMX93\NXP_iMX93 Connect CortexM33.JLinkScript
J-Link settings file: none

—————— Target related settings------

Target device: MIMX9322__M33

Target interface: SWD

Target interface speed: 4000kHz

Target endian: little

Connecting to J-Link...

J-Link is connected.

Firmware: J-Link V9 compiled May 7 2021 16:26:12
Hardware: V9.60

S/N: 59611220

Feature(s): RDI, GDB, FlashDL, FlashBP, JFlash
Checking target voltage...

Target voltage: 1.98 V

Listening on TCP/IP port 2331

Connecting to target...

Connected to target

Waiting for GDB connection...

. Change to the directory that contains the example application output. The output can be

found in using one of these paths, depending on the build target selected:

<install _dir>/boards/<board name>/<example type>/<application name>/armgcc/debug
<install_dir>/boards/<board_name>/<example_type>/<application_name>/armgcc/release
For this example, the path is:
*<install\__dir\>/boards/mcimx93qsb/demo\__apps/hello\_world/armgcc/debug*

. Start the GDB client:

$ arm-none-eabi-gdb hello_ world.elf

GNU gdb (GNU Tools for Arm Embedded Processors 9-2019-q4-major) 8.3.0.20190709-git

Copyright (C) 2019 Free Software Foundation, Inc.

License GPLv3+: GNU GPL version 3 or later <http://gnu.org/licenses/gpl.html>

This is free software: you are free to change and redistribute it.

There is NO WARRANTY, to the extent permitted by law.

Type "show copying” and ”show warranty” for details.

This GDB was configured as ”--host=i686-w64-mingw32 --target=arm-none-eabi”.

Type ”show configuration” for configuration details.

For bug reporting instructions, please see:

<http://www.gnu.org/software/gdb/bugs/>.

Find the GDB manual and other documentation resources online at:
<http://www.gnu.org/software/gdb/documentation/>.

For help, type "help”.

Type ”apropos word” to search for commands related to "word”...

Reading symbols from hello_ world.elf...

(gdb)

. Connect to the GDB server and load the binary by running the following commands:

1. target remote localhost:2331
2. monitor reset

3. monitor halt

4. load

(gdb) target remote localhost:2331
(continues on next page)
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(continued from previous page)

Remote debugging using localhost:2331
0x00000008 in \_\_isr\__vector \(\)

(gdb) monitor reset

Resetting target

(gdb) monitor halt

(gdb) load

Loading section .interrupts, size 0x240 lma 0x0
Loading section .text, size 0x3ab8 Ima 0x240
Loading section .ARM, size size 0x8 lma 0x3cf8
Loading section .init\ array, size 0x4 lma 0x3d00
Loading section .fini\ array, size 0x4 lma 0x3d04
Loading section .data, size 0x64 lma 0x3d08
Start address 0x2f4, load size 15724

Transfer rate: 264 KB/sec, 2620 bytes/write.

\(gdb\)

The application is now downloaded and halted at the reset vector. Execute the monitor go com-
mand to start the demo application.

(gdb) monitor go

The hello_world application is now running and a banner is displayed on the terminal. If this is
not true, check your terminal settings and connections.

hello world.

|

Note: If the software is already running on the M core, the debugger loading image into TCM
may get HardFault or a data verification issue. NXP recommends you to follow the steps above
to use the debugger. Repowering the board is required to restart the debugger.

Parent topic:Linux OS host

Parent topic:Run a demo using Arm GCC

Windows OS host The following sections provide steps to run a demo compiled with Arm GCC
on Windows OS host.

Set up toolchain This section contains the steps to install the necessary components required
to build and run a MCUXpresso SDK demo application with the Arm GCC toolchain on Windows
0S, as supported by the MCUXpresso SDK.
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Install GCC Arm Embedded tool chain Download and run the installer from GNU Arm Em-
bedded Toolchain. This is the actual toolset (in other words, compiler, linker, and so on). The
GCC toolchain should correspond to the latest supported version, as described in MCUXpresso
SDK Release Notes.

Note: See Host setup for Windows OS before compiling the application.

Parent topic:Set up toolchain

Add a new system environment variable for ARMGCC_DIR Create a new system environ-
ment variable and name it ARMGCC_DIR. The value of this variable should point to the Arm
GCC Embedded tool chain installation path.

C:\Program Files (x86)\GNU Tools Arm Embedded\9 2019-q4-major

Reference the installation folder of the GNU Arm GCC Embedded tools for the exact path name.

Environment Variables | 83 |
- R S— .
New System Variable | 23 |
Variable name: ARMGCC_DIR
Variable value: C:\Program Files (x86)\GNU Tools ARM Emb
| ok || cancel

System variables
Variable Value s
05 Windows_NT [
Path C:\Program Files (x86) \Parallels\Parallel. ..
PATHEXT .COM; .EXE; .BAT;.CMD; .VBS;.VBE;.JS;....
PROCESSOR_A... AMD&64 ad
New.. || Edit.. |[ Delete
. oK || cancel |
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Parent topic:Set up toolchain
Parent topic:Windows OS host

Build an example application To build an example application, follow these steps.

1. Open a GCC Arm Embedded tool chain command window. To launch the window, from
the Windows operating system Start menu, go to Programs -> GNU Tools Arm Embedded
<version> and select GCC Command Prompt.

GNU Tools for ARM Embedded Process:
Documentation

{? Uninstall GNU Tools for ARM Embet

2. Change the directory to the example application project directory, which has a path similar
to the following:

<install _dir>/boards/<board_name>/<example_type>/<application_name>/armgcc

For this example, the exact path is:
<install_dir>/boards/mcimx93qsb/demo_apps/hello_ world /armgcc

3. Type build_debug.bat on the command line or double click on the build_debug.bat file in
Windows Explorer to perform the build.

Parent topic:Windows OS host

Run an example application This section describes steps to run a demo application using J-
Link GDB Server application.

To perform this exercise, the following step must be done.

1. Connect the development platform to your PC via USB cable between the DBG USB connec-
tor and the PC USB connector.

2. Connect 12 V ~ 20 V power supply and J-Link Plus to the device.

3. Switch SW601[1:4] to the M core boot and ensure that the image is not available on the boot
source. For example, 0b1011 for MicroSD boot. Keep the SD slot empty.

4. Open the terminal application on the PC, such as PuTTY or TeraTerm, connect to the debug
COM port, see How to determine COM port, and configure the terminal with these settings:

1. 115200 baud rate
2. No parity

3. 8 data bhits

4. 1 stop bit
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Category:

= Session
= Terminal

- Keyboard

- Bell

- Features

= Window

- Appearance
- Behaviour

- Translation
- Selection

- Colours

= Connection
Data

- Proxy

- Telnet

- Rlogin

[+ SSH

- Serial

Basic options for your PUTTY session

Specify the destination you want to connect to

About

5. Power on the board.

Serial line Speed
COM4 115200
Connection type:

(JRaw () Telnet ( )Rlogin ( )SSH | (@) Serial

Load, save or delete a stored session

Saved Sessions

Default Settings Load
Save
Delete

Close window on exit:
() Aways () Never (®) Only on clean exit

Open Cancel

6. Open the J-Link GDB Server application. Assuming the J-Link software is installed, the appli-
cation can be launched by going to the Windows operating system Start menu and selecting
Programs -> SEGGER -> J-Link <version> J-Link GDB Server.

7. Modify the settings as shown in Figure 2. The target device selection chosen for this exam-

ple is MIMX9322_M33 .

16
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%+ SEGGER J-Link GDB Server V7.56d Config X
Connection to J-Link

(® uUsB | | Serial No.
() TCR/IP

Target device

IMIMX9322_M33

Little Endian -

Target interface
SWD -
Speed Misc. settings
Auto Selecti
O uto fon D Init registers
O Adaptive clocking

v
@ Fixed 4000 < KHz Localhost only

Command line option

-select USB -device MIMX9322_M33 -endian little _* |
-if SWD -speed 4000 -noir -LocalhostOnly v

OK Cancel

8. After GDB server is running, the screen should resemble Figure 3:

SEGGER J-Link GDB Server V7.56d — X
File Help
GDB |Waiting for connection | I D Stay on top
J-Link |Connected [ [swp | 4000 kHz | [ Show log window
Device [MIMX9322_M33 (Halted || [3.20v | llittle endian | [] Generate logfile

D Verify download

Clear Log
Target interface speed: 2p0ekHz
Target endian: little ~

Connecting to J-Link...

J-Link is connected.

Firmware: J-Link v9 compiled May 7 2821 16:26:12
Hardware: v9.78

S/N: S9758289

Feature(s): RDI, GDB, FlashDL, FlasheP, JFlash
Checking target wvoltage...

Target woltage: 3.29 v

Listening on TCR/IF port 2331

Connecting to target...

Connected to target

waiting for GDB connection... W

| 0 bytes downloaded Connected to target
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9. If not already running, open a GCC Arm Embedded tool chain command window. To launch
the window, from the Windows operating system Start menu, go to Programs -> GNU Tools
Arm Embedded <version> and select GCC Command Prompt.

GNU Tools for ARM Embedded Process:
Documentation

2] GCC Command Prompt

9 Uninstall GNU Tools for ARM Embec

10. Change to the directory that contains the example application output. The output can be
found in using one of these paths, depending on the build target selected:

<install _dir>/boards/<board_name>/<example_ type>/<application_name>/armgcc/debug
<install _dir>/boards/<board_name>/<example_type>/<application_name>/armgcc/release

For this example, the path is:

<install _dir>/boards/mcimx93gsb/demo__apps/hello_ world /armgcc/debug

11. Run the command of arm-none-eabi-gdb.exe <application_name>.elf. For this example, it is
arm-none-eabi-gdb.exe hello_world.elf.

ands related to "word"...

12. Run these commands:
1. target remote localhost:2331
2. monitor reset
3. monitor halt
4. load

13. The application is now downloaded and halted at the reset vector. Execute the monitor go
command to start the demo application.

The hello_ world application is now running and a banner is displayed on the terminal. If this is
not true, check your terminal settings and connections.
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Note: If the software is already running on the M core, the debugger loading image into TCM
may get HardFault or a data verification issue. NXP recommends you to follow the steps above
to use the debugger. Repowering the board is required to restart the debugger.

Parent topic:Windows OS host
Parent topic:Run a demo using Arm GCC

Running an application by U-Boot

This section describes the steps to write a bootable SDK bin file to TCM with the prebuilt U-Boot
image for the i.MX processor. The following steps describe how to use the U-Boot:

1. Connectthe DEBUG UART slot on the board to your PC through the USB cable. The Windows
0S installs the USB driver automatically, and the Ubuntu OS finds the serial devices as well.

2. On Windows OS, open the device manager, find USB serial Port in Ports (COM & LPT). As-
sume that the ports are COM71 - COM74. COM73 is for the debug message from the Cortex-
A55 and COM74 is for the Cortex-M33. The port number is allocated randomly, so opening
both is beneficial for development. On Ubuntu OS, find the TTY device with name /dev/
ttyUSB* to determine your debug port. Similar to Windows OS, opening both is beneficial
for development.
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v % NXL53251
i Audio inputs and outputs
% Batteries
B Bluetooth
@ Cameras
a Computer
= Disk drives
& Display adapters
i Firmware
¥ Human Interface Devices
@ Jungo Connectivity
— Keyboards
L I Memory technology devices
@ Mice and other pointing devices
[ Monitors
& Network adapters
R? Other devices
v @ Ports (COM & LPT)
# USB Serial Port (COM71)
# USB Serial Port (COM72)
# USB Serial Port (COM73)
# USB Serial Port (COM74)
= Print queues
E Processors
B7 Security devices
4 Smart card readers
B Software devices
i Sound, video and game controllers
Su Storage controllers
3 System devices
| @ Universal Serial Bus controllers

3. Build the application (for example, hello_ world) to get the bin file (hello_ world.bin).
. Prepare an SD card with the prebuilt Linux BSP flashed and copy bin file (hello_ world.bin)

into the SD card.

. Insert the SD card to the target board. Make sure to switch SW601[1:4] is configured to

MicroSD A core boot 0b0011.

. Open your preferred serial terminals for the serial devices, setting the speed to 115200 bps,

8 data bits, 1 stop bit (115200, 8N1), no parity, then power on the board.

7. Power on the board and hit any key to stop autoboot in the A55 terminal.

. Enter to U-Boot command line mode. You can then write the image and run it from TCM

with the following commands:
¢ fatload mmec 1:1 80000000 hello_ world.bin; cp.b 0x80000000 0x201e0000 0x10000;
* bootaux 0x1{fe0000 0

. The hello_ world application is now running and a banner is displayed on the M33 terminal.

If this is not true, check your terminal settings and connections.

20
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Program flash.bin to SD/eMMC with UUU

This section describes the steps to use the UUU to run the example applications provided in the
MCUZXpresso SDK. Download the flash.bin to emmc/sd with UUU. The hello_world demo applica-
tion targeted for the i.MX 93 hardware platform is used as an example, although these steps can
be applied to any example application in the MCUXpresso SDK.

Set up environment This section contains the steps to install the necessary components re-
quired to build and run a MCUXpresso SDK demo application, as supported by the MCUXpresso
SDK.

Download the Universal Upgrade Utility The Universal Upgrade Utility (UUU) is an upgraded
version of MfgTool. It is a command line tool that aims at installing the bootloader to various
storage including SD, QSPI, and so on, for i.MX series devices with ease.

The tool can be accessed from corresponding Linux BSP release. Download uuu.exe for Windows
0S, or download UUU for Linux. Configure the path so that the executable can later be called
anywhere in the command line.

Parent topic:Set up environment

Switch to Download mode The board needs to be in Download mode for UUU to download
images:

1. Set the board boot mode to Download mode [SW601[1:4] = 0011].

2. Connect the development platform to your PC via USB cable between the DBG USB connec-
tor and the PC USB connector.

3. Connect the USB port to PC USB connector for downloading.
4. The PC recognizes the . MX 93 device as (VID:PID)=(1FC9:0146), as shown in Figure 1.
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@Computer Management - O X
File Action View Help
e @ E EEMBE EX®
ﬁ Computer Management (Local) || + ﬁ[ NXL53251 ~ Im
v m System Tools > ﬂ Audio inputs and outputs
> @ Task Scheduler > 3 Batteries
> [[@ Event Viewer > 0 Bluetooth | | More Actions
» @l Shared Folders ’ Q Cameras HID-compliant vendor-defined device Properties X
> &% Local Users and Groups > B computer
> @ Performance > wa Disk drives General Driver Details Events
& Device Manager > @ Display adapters
v E Storage > . Firmware % HID-compliant vendor-defined device
#= Disk Management ~ {#@ Human Interface Devices
> ﬁ Services and Applications il Converted Portable Device Control device Property
il HID-compliant consumer control device
Device instance path v

il HID-compliant consumer control device

il HID-compliant system controller

il HID-compliant system controller

il HID-compliant vendor-defined device
% HID-compliant vendor-defined device |

HID-compliant vendor-defined device

i HID-compliant wireless radio controls

7 12C HID Device

b Intel(R) HID Event Filter

) Portable Device Control device

il USB Input Device

Parent topic:Set up environment

Value

IH IDWID_1FC9&PID_0146\6&387FDE31 &O&DDDDI

Parent topic:Program flash.bin to SD/eMMC with UUU

Build an example application The following steps guide you through opening the hello_ world
example application. These steps may change slightly for other example applications, as some

of these applications may have additional layers of folders in their paths.

1. If not already done, open the desired demo application workspace. Most example applica-
tion workspace files can be located using the following path:

‘ <install dir>/boards/<board name>/<example type>/<application name> /iar

Using the i.MX 93 QSB board as an example, the workspace is located in:

‘ <install dir>/boards/mcimx93qsb/demo_ apps/hello_ world /iar/hello_ world.eww

2. Select the desired build target from the drop-down. For this example, select hello_world -

debug.

3. To build the demo application, click Make.

File Edit View Project J-link

Tools Window Help

=l
|- W CMSIS
|- il component
|- il device
= i doc

|-@ ol drivers
& M source
|- ol startup
@ ol utilities
L@ ol Output

4. The build completes without errors.
Parent topic:Program flash.bin to SD/eMMC with UUU
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Run an example application To download and run the application via UUU, perform these
steps:

1. Connect the development platform to your PC via USB cable between the DBG USB connec-

2.
3.

tor and the PC. It provides console output while using UUU.

Connect the USB port connector and the PC. It provides the data path for UUU.

Open the terminal application on the PC, such as PuTTY or TeraTerm, and connect to the
debug COM port (to determine the COM port number, see How to determine COM port).
Configure the terminal with these settings:

1. 115200 baud rate

2. No parity
3. 8 data bits
ﬁ PuTTY Cenfiguration
Category:
[=)- SEESJnn Basic options for your PuTTY session
- Logging Specify the destination you want to connect to
[=)- Teminal — —
- Kevboard enal line p
- Bell COMH| 115200
- Features :
= Window (JRaw () Telnet (O Rlogin () SSH | (@) Serial
- Appearance
App . Load. save or delete a stored session
- Behawviour
.. Translation Saved Seszsions
- Selection | |
C“'“!Jm Default Settings A Load
[=)- Connection CoOMI0
- Diata COM19 g
- Proxy COM20 ave
COM25
- Rlogin COM27 W
- 55H
- Senal Close window on exit:
(I Mways () MNever (@ Only on clean exit
About Cpen Cancel
4. 1stopbit |
|
4. Getthe bootimages and the imx-mkimage source repository from corresponding Linux BSP
release. The boot images required to be put into imx-mkimage/i. MX9 are:
- u-boot-imx93-9x9-Ipddr4-gsb.bin-sd (rename to u-boot.bin)
- u-boot-spl.bin-imx93-9x9-lpddr4-qsb-sd (rename to u-boot-spl.bin)
- bl31-imx93.bin (rename to bl31.bin)
- mx93al-ahab-container.img
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- lpddr4__dmem_ 1d_ v202201.bin
- lpddr4__dmem_ 2d_ v202201.bin
- lpddr4_imem_ 1d_ v202201.bin
- Ipddr4_imem_ 2d_ v202201.bin

5. Copy binary generated by IAR build into imx-mkimage/iMX9, and rename it to
m33_image.bin.

6. Make flash.bin with imx-mkimage.
make SOC=iMX9 REV=A1 flash_singleboot_ m33 (for single boot mode)
or
make SOC=iMX9 REV=A1 flash_Ipboot (for low power boot mode)

7. Power on the board.

8. Type the UUU command to the flash image.
uuu -b emme flash.bin (for single boot on eMMC)
uuu -b sd flash.bin (for single boot on SD)
For low power boot, a single boot flash.bin is needed besides the target flash.bin.
uuu -b emmec <singleboot flash.bin> flash.bin (for lowpower boot on eMMC)
uuu -b sd <singleboot flash.bin> flash.bin (for lowpower boot on SD)

The UUU puts the platform into fast boot mode and automatically flashes the target boot-
loader to emmc/sd. The command line and fast boot console is as shown in Figure 2.

890000 MAC
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9. Then, power off the board and change the boot mode to the corresponding one.

* For single-boot mode:
— when boot device is emmc, then SW601[1:4] = 0010;
- when boot device is sd, then SW601[1:4] = 0011.

* For low-power boot mode:
- when boot device is emmc, then SW601[1:4] = 1010;
- when boot device is sd, then SW601[1:4] = 1011.

10. Power on the board again.
Parent topic:Program flash.bin to SD/eMMC with UUU

How to determine COM port

This section describes the steps necessary to determine the debug COM port number of your NXP
hardware development platform.

1. To determine the COM port, open the Windows operating system Device Manager. This
can be achieved by going to the Windows operating system Start menu and typing Device
Manager in the search bar, as shown in Figure 1.
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Control Panel (3)

= Device Manager
@ View devices podaariotors

| Device Manager
a8 Update devict yiey and update your hardware's settings and driver s

Pictures (9)

|| Companies.inc

|| hutinc

|| PTPStilImageTables.inc
| VIDs_PIDs. TXT

|| SCSI_CDB_RovCpyRshtsinc
|| SCSLCDB_SPC.inc

|| hei_coemmand_table.inc
|| RNDIS_OIDuine

|| CDCRequests.inc

Files (1)

|=| dialog_settings.xml

p See more results

| Device Manager ® | | Shut down | #

2. In the Device Manager, expand the Ports (COM & LPT) section to view the available ports.
Depending on the NXP board you’re using, the COM port can be named differently.

1. USB-UART interface

4.7 Ports (COM & LPT)

----- L= ? Communications Port (COML)
N Intel(R) Active Management Technology - SOL (COM3)
LT Silicon Labs CP210x USB to UART Bridge (COM37
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Host setup

An MCUXpresso SDK build requires that some packages are installed on the Host. Depending on
the used Host operating system, the following tools should be installed.

Linux:

* Cmake

$ sudo apt-get install cmake
$ # Check the version >= 3.0.x
$ cmake —version

Windows:

» MinGW

The Minimalist GNU for Windows OS (MinGW) development tools provide a set of tools that
are not dependent on third party C-Runtime DLLs (such as Cygwin). The build environment
used by the SDK does not utilize the MinGW build tools, but does leverage the base install
of both MinGW and MSYS. MSYS provides a basic shell with a Unix-like interface and tools.

1. Download the latest MInGW mingw-get-setup installer from source-
forge.net/projects/mingw/files/Installer/.

2. Run the installer. The recommended installation path is C:\MinGW, however, you may
install to any location.

Note: The installation path cannot contain any spaces.

3. Ensure that mingw32-base and msys-base are selected under Basic Setup.

B MinGW Installation Manager

Installation Package Settings

Basic Setup Package Class  Installed Version Repository Version Description
All Packages . "
D mingw-developer-tool...  bin 2013072300 An MSYS Installation for MinGW Developers (meta)
mingw32-base bin 2013072200 A Basic MinGW Installation
D mingw32-gcc-ada bin 4,8.1-4 The GNU Ada Compiler
D mingw32-gce-fortran bin 4.8.1-4 The GNU FORTRAN Compiler
D mingw32-gce-g++ bin 4.8.1-4 The GNU C++ Compiler
D mingw32-gcc-objc bin 4.8.1-4 The GNU Objective-C Compiler

| msys-base bin 2013072300 A Basic M3YS Installation (meta)

4. Click **Apply Changes** in the **Installation** menu and follow the remaining instructions to complete
—the installation.

['[](../images/complete_ mingw_and_msys_ installation.png "Complete MinGW and MSYS installation”)

5. Add the appropriate item to the Windows operating system path environment variable. It can be found
—under **Control Panel**-\ >**System and Security**-\ >**System**-\ >**Advanced System Settings** in
—the **Environment Variables...** section. The path is: *<mingw install dir>\bin".

Assuming the default installation path, *C:\MinGW", an example is as shown in [Figure 3|(host_setup.md
—#ADDINGPATH). If the path is not set correctly, the toolchain does not work.

**Note:** If you have *C:\MinGW\msys\x.x\bin" in your PATH variable \(as required by KSDK 1.0.0\),
—remove it to ensure that the new GCC build system works correctly.

|'[](../images/add__path_to_systems_ environment.png ”Add Path to systems environment”)
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* Cmake
1. Download CMake 3.0.x from www.cmake.org/cmake/resources/software.html.

2. Install CMake, ensuring that the option Add CMake to system PATH is selected when
installing. The user chooses to select whether it is installed into the PATH for all users
or just the current user. In this example, it is installed for all users.

A CMake 3.0.2 Setup =TT

Install Options
Choose options for installing CMake 3.0.2

By default CMake does not add its directory to the system PATH.

Do not add CMake to the system PATH
@ Add CMake to the system PATH for all users
Add Civiake to the system FATH for current user

[ create CMake Desktop Icon

| <Back || mext> | | cancel

3. Follow the remaining instructions of the installer.
4. You may need to reboot your system for the PATH changes to take effect.

1.3 Getting Started with MCUXpresso SDK GitHub

1.3.1 Getting Started with MCUXpresso SDK Repository
Installation

NOTE

If the installation instruction asks/selects whether to have the tool installation path added to
the PATH variable, agree/select the choice. This option ensures that the tool can be used in any
terminal in any path. Verify the installation after each tool installation.

Install Prerequisites with MCUXpresso Installer The MCUXpresso Installer offers a quick
and easy way to install the basic tools needed. The MCUXpresso Installer can be obtained from
https://github.com/nxp-mcuxpresso/vscode-for-mcux/wiki/Dependency-Installation. The MCUX-
presso Installer is an automated installation process, simply select MCUXpresso SDK Developer
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from the menu and click install. If you prefer to install the basic tools manually, refer to the next
section.

MCUXpresso Installer v24.09

MCUXpresso Installer

Choose one or more categories from the list below:

Software Kits

MCUXpresso SDK Developer

é Ne for a

I Wil install:

. macos-homebrew - Homebrew, package mang
. CMake - Open-source system that manages th
. Ninja - Small build system with a focus on spef
. Git - Free and open source distributed version
. Arm GNU Toolchain - Toolchain for Arm Archit
6. libncurses5 - Library managing an application’
Ne or a Matter er . Arm GNU Toolchain add-ons - Additional NXP
. Arm GNU Toolchain Standalone add-ons - Ad
. Python - Programming language support.
Arm GNU Toolchain 10. pip - Package installer for Python.

) . . ) . . 11. west - Manage multiple Git repositories unde
Arm GNU nain and additional NXP libraries btmwwror

Standalone Toolchain Add-ons

Ne or a Ze

Zephyr Developer

LA Ja L P —

2l

Matter Developer

- 7

=]

ARM components

o

Alternative: Manual Installation
Basic tools

Git Git is a free and open source distributed version control system. Git is designed to handle
everything from small to large projects with speed and efficiency. To install Git, visit the official
Git website. Download the appropriate version(you may use the latest one) for your operating
system (Windows, macOS, Linux). Then run the installer and follow the installation instructions.

User git --version to check the version if you have a version installed.

Then configure your username and email using the commands:

git config --global user.name ”Your Name”
git config --global user.email ”youremail@example.com”

Python Install python 3.10 or latest. Follow the Python Download guide.

Use python --version to check the version if you have a version installed.

West Please use the west version equal or greater than 1.2.0
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# Note: you can add option '--default-timeout=1000" if you meet connection issue. Or you may set a different,
—source using option '-i'.
# for example, in China you could try: pip install -U west -i https://pypi.tuna.tsinghua.edu.cn/simple

pip install -U west

Build And Configuration System

CMake Itis strongly recommended to use CMake version equal or later than 3.30.0. You can get
latest CMake distributions from the official CMake download page.

For Windows, you can directly use the .msi installer like cmake-3.31.4-windows-x86_64.msi to
install.

For Linux, CMake can be installed using the system package manager or by getting binaries from
the official CMake download page.

After installation, you can use cmake --version to check the version.

Ninja Please use the ninja version equal or later than 1.12.1.

By default, Windows comes with the Ninja program. If the default Ninja version is too old, you
can directly download the ninja binary and register the ninja executor location path into your
system path variable to work.

For Linux, you can use your system package manager or you can directly download the ninja
binary to work.

After installation, you can use ninja --version to check the version.

Kconfig MCUXpresso SDK uses Kconfig python implementation. We customize it based on our
needs and integrate it into our build and configuration system. The Kconfiglib sources are placed
under mcuxsdk/scripts/kconfig folder.

Please make sure python environment is setup ready then you can use the Kconfig.

Ruby Our build system supports IDE project generation for iar, mdk, codewarrior and xtensa
to provide OOBE from build to debug. This feature is implemented with ruby. You can follow
the guide ruby environment setup to setup the ruby environment. Since we provide a built-in
portable ruby, it is just a simple one cmd installation.

If you only work with CLI, you can skip this step.

Toolchain MCUXpresso SDK supports all mainstream toolchains for embedded development.
You can install your used or interested toolchains following the guides.

30 Chapter 1. MCIMX93-QSB


https://cmake.org/download/
https://github.com/Kitware/CMake/releases/download/v3.31.4/cmake-3.31.4-windows-x86_64.msi
https://cmake.org/download/
https://github.com/ninja-build/ninja/releases
https://github.com/ninja-build/ninja/wiki/Pre-built-Ninja-packages
https://github.com/ninja-build/ninja/releases
https://github.com/ninja-build/ninja/releases

MCUXpresso SDK Documentation, Release 25.12.00-pvw2

Toolchain Download and Installation Guide Note
Armgcc Arm GNU Toolchain Install Guide ARMGCC is default
toolchain
IAR IAR Installation and Licensing quick ref-
erence guide
MDK MDK Installation
Armclang Installing Arm Compiler for Embedded
Zephyr Zephyr SDK
Codewarrior NXP CodeWarrior
Xtensa Tensilica Tools

NXP S32Compiler RISC-
V Zen-V

NXP Website

After you have installed the toolchains, register them in the system environment variables. This
will allow the west build to recognize them:

Toolchain Environ- Example Cmd
ment Line Ar-
Variable gument
Armgcc AR- C:\armgcc for windows/usr for Linux. Typically -
MGCC_DIR arm-none-eabi-* is installed under /usr/bin toolchain
armgcc
IAR IAR DIR C:\iar\ewarm-9.60.3 ~ for =~ Windows/opt/iarsystems/ —
bxarm-9.60.3 for Linux toolchain
iar
MDK MDK DIR C:\Keil v5 for Windows.MDK IDE is not officially sup- -
ported with Linux. toolchain
mdk
Armclang  ARM- C:\ArmCompilerforEmbedded6.22 for Windows/opt/ -
CLANG_DIF ArmCompilerforEmbedded6.21 for Linux toolchain
mdk
Zephyr ZEPHYR ST c¢:\NXP\zephyr-sdk-<version> for windows/opt/ -
zephyr-sdk-<version> for Linux toolchain
zephyr
CodeWar- CW_DIR C:\Freescale\CW MCU v11.2 for windowsCodeWarrioris -
rior not supported with Linux toolchain
code-
warrior
Xtensa XCC_DIR  C:\xtensa\XtDevTools\install\tools\RI-2023.11-win32\ -
XtensaTools  for  windows/opt/xtensa/XtDevTools/ toolchain
install/tools/RI-2023.11-Linux/XtensaTools for Linux xtensa
NXP RISCVL- C:\riscv-llvin-win32_b298 b298 2024.08.12 for Win- -
S32Compiler LVM_DIR  dows/opt/riscv-llvim-Linux-x64_b298_b298_ 2024.08.12 toolchain
RISC-V for Linux riscvl-
Zen-V lvm

* The <toolchain>_DIR is the root installation folder, not the binary location folder. For IAR,
it is directory containing following installation folders:
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arm
common
install-info

* MDK IDE using armclang toolchain only officially supports Windows. In Linux, please di-
rectly use armclang toolchain by setting ARMCLANG __DIR. In Windows, since most Keil
users will install MDK IDE instead of standalone armclang toolchain, the MDK_ DIR has
higher priority than ARMCLANG_ DIR.

* For Xtensa toolchain, please set the XTENSA CORE environment variable. Here’s an ex-
ample list:

Device Core XTENSA_CORE

RT500 fusion1 nxp_rt500 RI23 11 newlib
RT600 hifi4 nxp_ rt600_RI23 11 newlib
RT700 hifil rt700_ hifil RI23 11 nlib
RT700 hifi4 t700 hifi4 RI23 11 nlib

i.MX8ULP fusionl fusion_nxp02_dsp_prod

* In Windows, the short path is used in environment variables. If any toolchain is using
the long path, you can open a command window from the toolchain folder and use below
command to get the short path: for %i in (.) do echo %~fsi

Tool installation check Once installed, open a terminal or command prompt and type the
associated command to verify the installation.

If you see the version number, you have successfully installed the tool. Else, check whether the
tool’s installation path is added into the PATH variable. You can add the installation path to the
PATH with the commands below:

* Windows: Open command prompt or powershell, run below command to show the user
PATH variable.

reg query HKEY CURRENT_USER\Environment /v PATH

The tool installation path should be C:\Users\xxx\AppData\Local\Programs\Git\cmd. If the
path is not seen in the output from above, append the path value to the PATH variable with
the command below:

reg add HKEY__CURRENT__USER\ Environment /v PATH /d "%PATH%;C:\ Users\xxx\AppData\
< Local\Programs\Git\cmd”
Then close the command prompt or powershell and verify the tool command again.
e Linux:
1. Open the $HOME/ .bashrc file using a text editor, such as vim.
2. Go to the end of the file.

3. Add the line which appends the tool installation path to the PATH variable and export
PATH at the end of the file. For example, export PATH="/Directory1:$PATH".

4, Save and exit.

5. Execute the script with source .bashre or reboot the system to make the changes live. To
verify the changes, run echo $PATH.
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* macOS:
1. Open the $HOME/.bash_ profile file using a text editor, such as nano.
2. Go to the end of the file.

3. Add the line which appends the tool installation path to the PATH variable and export
PATH at the end of the file. For example, export PATH="/Directory1:$PATH”.

4. Save and exit.

5. Execute the script with source .bash_ profile or reboot the system to make the changes
live. To verify the changes, run echo $PATH.

Get MCUXpresso SDK Repo

Establish SDK Workspace To get the MCUXpresso SDK repository, use the west tool to clone
the manifest repository and checkout all the west projects.

# Initialize west with the manifest repository
west init -m https://github.com/nxp-mcuxpresso/mcuxsdk-manifests/ mcuxpresso-sdk

# Update the west projects
cd mcuxpresso-sdk
west update

# Allow the usage of west extensions provided by MCUXpresso SDK
west config commands.allow__extensions true

Install Python Dependency(If do tool installation manually) To create a Python virtual en-
vironment in the west workspace core repo directory mcuxsdk, follow these steps:

1. Navigate to the core directory:

cd mcuxsdk

2. [Optional] Create and activate the virtual environment: If you don’t want to use the python
virtual environment, skip this step. We strongly suggest you use venv to avoid conflicts
with other projects using python.

python -m venv .venv

# For Linux/MacOS
source .venv/bin/activate

# For Windows

.\.venv\Scripts\activate

# If you are using powershell and see the issue that the activate script cannot be run.

# You may fix the issue by opening the powershell as administrator and run below command:
powershell Set-ExecutionPolicy RemoteSigned

# then run above activate command again.

Once activated, your shell will be prefixed with (.venv). The virtual environment can be
deactivated at any time by running deactivate command.

Remember to activate the virtual environment every time you start working in this
directory. If you are using some modern shell like zsh, there are some powerful plugins to
help you auto switch venv among workspaces. For example, zsh-autoswitch-virtualenv.

3. Install the required Python packages:
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# Note: you can add option '--default-timeout=1000" if you meet connection issue. Or you may set a,
—different source using option '-i'.

# for example, in China you could try: pip3 install -r mcuxsdk/scripts/requirements.txt -i https://pypi.
—tuna.tsinghua.edu.cn/simple

pip install -r scripts/requirements.txt

Explore Contents

This section helps you build basic understanding of current fundamental project content and
guides you how to build and run the provided example project in whole SDK delivery.

Folder View The whole MCUXpresso SDK project, after you have done the west init and west
update operations follow the guideline at Getting Started Guide, have below folder structure:

Folder Description

mani- Manifest repo, contains the manifest file to initialize and update the west

fests workspace.

mcuxsdk The MCUXpresso SDK source code, examples, middleware integration and script
files.

All the projects record in the Manifest repo are checked out to the folder mcuxsdk/, the layout of
mcuxsdk folder is shown as below:

Folder Description

arch  Arch related files such as ARM CMSIS core files, RISC-V files and the build files related
to the architecture.

cmake The cmake modules, files which organize the build system.

com- Software components.

po-

nents

de- Device support package which categorized by device series. For each device, header

vices file, feature file, startup file and linker files are provided, also device specific drivers
are included.

docs  Documentation source and build configuration for this sphinx built online documen-

tation.
drivers Peripheral drivers.
ex- Various demos and examples, support files on different supported boards. For each
am- board support, there are board configuration files.
ples
mid- Middleware components integrated into SDK.
dle-
ware

rtos Rtos components integrated into SDK.

scripts Script files for the west extension command and build system support.

svd Svd files for devices, this is optional because of large size. Customers run west manifest
config group.filter +optional and west update mcux-soc-svd to get this folder.

Examples Project The examples project is part of the whole SDK delivery, and locates in the
folder mcuxsdk/examples of west workspace.

Examples files are placed in folder of <example_ category>, these examples include (but are not
limited to)
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* demo_apps: Basic demo set to start using SDK, including hello_world and led_blinky.

* driver_examples: Simple applications that show how to use the peripheral drivers for a
single use case. These applications typically only use a single peripheral but there are cases
where multiple peripherals are used (for example, SPI transfer using DMA).

Board porting layers are placed in folder of boards/<board name> which aims at providing the
board specific parts for examples code mentioned above.

Run a demo using MCUXpresso for VS Code

This section explains how to configure MCUXpresso for VS Code to build, run, and debug example
applications. This guide uses the hello_ world demo application as an example. However, these
steps can be applied to any example application in the MCUXpresso SDK.

Build an example application This section assumes that the user has already obtained the
SDK as outlined in Get MCUXpresso SDK Repo.

To build an example application:

1. Import the SDK into your workspace. Click Import Repository from the QUICKSTART
PANEL.

File Edit Selection WView Go Run Terminal Help

MCUXP ) FOR WS CODE

~ QUICKSTART PANEL @ o [0 £
-+ Import Repository

1% Import Example from ReposMry Import Local/Remote Repository

B+8 Import Project

pen Online Documentation

~ IMPORTED REPOSITORIES

Note: You can import the SDK in several ways. Refer to MCUXpresso for VS Code Wiki for
details.

Select Local if you’ve already obtained the SDK as seen in Get MCUXpresso SDK Repo. Select
your location and click Import.

£ Import Repository X

Import Repository

Location: c\Repos\ymaouxsdk

Import

2. Click Import Example from Repository from the QUICKSTART PANEL.
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MCU } WS CODE

~ QUICKSTART PAMNEL

~+ Import Repository

% Import Example from Repository h
8+8 Import Project
T3 MNew Project

In the dropdown menu, select the MCUXpresso SDK, the Arm GNU Toolchain, your board,
template, and application type. Click Import.

£ Import Example from Repository X
Import Example from Repository
Repository: c\Repos\mouxsdk
Toolchain: (Arm GNU Toolchain 13.2.rel1 (Build arm-13.73) 13.2.1 20231009 ©

Board: FRDM-M

. FRDM-MCXC444

Template: demo_apps/hello_world

The Helloworld demo prints the "Hello World" string to the terminal using the SDK UART dnivers and repeat what user
input. The purpose of this demo is to show how to use the UART, and to provide a simple project for debugging and
further development.

Please refer to README file for more details.

App type: Freestanding application

MName; frdmmexc444_hello_world

Location: c\nxp_examples

Note: Path doesn't exist. Folder(s) will be created.

Open readme file after project is imported

import

Note: The MCUXpresso SDK projects can be imported as Repository applications or Free-
standing applications. The difference between the two is the import location. Projects im-
ported as Repository examples will be located inside the MCUXpresso SDK, whereas Free-
standing examples can be imported to a user-defined location. Select between these by
designating your selection in the App type dropdown menu.

3. VS Code will prompt you to confirm if the imported files are trusted. Click Yes.
4. Navigate to the PROJECTS view. Find your project and click the Build Project icon.
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~ PROJECTS
» frdmmexc444 hello world M

1_debug_console.c.obj
51_clock.c.obj

Building C ob;
Linking C e
egion
m_interrupts:
m_flash_config:
m_text:
m_data:
build finished successfully
n Terminal will be reused by tasks, press any key to close it.

Run an example application Note: for full details on MCUXpresso for VS Code debug probe
support, see MCUXpresso for VS Code Wiki.

1. Open the Serial Monitor from the VS Code’s integrated terminal. Select the VCom Port for
your device and set the baud rate to 115200.

Monitor \ v Text Port COMA40 - MCU-Link VCom Port (COM40) O Baudrate 115200 °
Line ending CR D> Start Monitoring = #a NI &

2. Navigate to the PROJECTS view and click the play button to initiate a debug session.

~ PROJECTS
» frdmmexc444 hello world M

The debug session will begin. The debug controls are initially at the top.
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hello world.c X

main(

ch;

BOARD InitHardware();
PRINTF("hello

while
ch = GETCHAR
PUTCHAR(ch) ;

3. Click Continue on the debug controls to resume execution of the code. Observe the output
on the Serial Monitor.

SERIAL MOMIT
—+ Open an additional menitor
Monitor Mode View Mode ' Port  COMA40 - MCU-Link VCom Port (COM40)

¢y

[ stop Monitoring = & [ @ (1]

---- Opened the serial port COM4@ ----
hello world.

Running a demo using ARMGCC CLI/IAR/MDK

Supported Boards Use the west extension west list_project to understand the board support
scope for a specified example. All supported build command will be listed in output:

west list__project -p examples/demo__apps/hello_world [-t armgcc]

INFO: [ 1][west build -p always examples/demo_apps/hello world --toolchain armgcc --config release -b,

—evk9mimx8ulp -Dcore_ id=cm33]

INFO: [ 2|[west build -p always examples/demo_ apps/hello_ world --toolchain armgcc --config release -b,

—evkbimxrt1050]

INFO: | 3][west build -p always examples/demo__apps/hello_ world --toolchain armgcc --config release -b,
(continues on next page)
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(continued from previous page)
—evkbmimxrt1060]
INFO: [ 4][west build -p always examples/demo__apps/hello_ world --toolchain armgcc --config release -b,
—evkbmimxrt1170 -Dcore_ id=cm4]
INFO: [ 5][west build -p always examples/demo__apps/hello_ world --toolchain armgcc --config release -b,
—evkbmimxrt1170 -Dcore_id=cm7]
INFO: [ 6][west build -p always examples/demo_ apps/hello_world --toolchain armgcc --config release -b,
—evkemimxrt1060]
INFO: [ 7|[west build -p always examples/demo_ apps/hello_ world --toolchain armgcc --config release -b,
—evkmecimx7ulp]

The supported toolchains and build targets for an example are decided by the example-self exam-
ple.yml and board example.yml, please refer Example Toolchains and Targets for more details.

Build the project Use west build -h to see help information for west build command. Compared
to zephyr’s west build, MCUXpresso SDK’s west build command provides following additional
options for mcux examples:

* —toolchain: specify the toolchain for this build, default armgce.

* —-config: value for CMAKE_BUILD_TYPE. If not provided, build system will get all the ex-
ample supported build targets and use the first debug target as the default one. Please refer
Example Toolchains and Targets for more details about example supported build targets.

Here are some typical usages for generating a SDK example:

# Generate example with default settings, default used device is the mainset MK22F51212
west build -b frdmk22f examples/demo_apps/hello_ world

# Just print cmake commands, do not execute it
west build -b frdmk22f examples/demo_ apps/hello_ world --dry-run

# Generate example with other toolchain like iar, default armgcc
west build -b frdmk22f examples/demo_ apps/hello_ world --toolchain iar

# Generate example with other config type
west build -b frdmk22f examples/demo_ apps/hello_ world --config release

# Generate example with other devices with --device
west build -b frdmk22f examples/demo_ apps/hello_ world --device MK22F12810 --config release

For multicore devices, you shall specify the corresponding core id by passing the command line
argument -Dcore__id. For example

west build -b evkbmimxrt1170 examples/demo__apps/hello_ world --toolchain iar -Dcore_id=cm?7 --config, ,
—flexspi__nor__ debug

For shield, please use the --shield to specify the shield to run, like

west build -b mimxrt700evk --shield a8974 examples/issdk examples/sensors/fx1s8974cf/fx1s8974cf poll -
—Dcore_id=cm33__core0

Syshuild(System build) To support multicore project building, we ported Sysbuild from
Zephyr. It supports combine multiple projects for compilation. You can build all projects by
adding --sysbuild for main application. For example:

west build -b evkbmimxrt1170 --sysbuild ./examples/multicore_examples/hello_world /primary -Dcore__
—id=cm7 --config flexspi nor_ debug --toolchain=armgcc -p always

For more details, please refer to System build.
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Config a Project Example in MCUXpresso SDK is configured and tested with pre-defined con-
figuration. You can follow steps blow to change the configuration.

1. Run cmake configuration

west build -b evkbmimxrt1170 examples/demo_ apps/hello_ world -Dcore_id=cm7 --cmake-only -p

Please note the project will be built without --cmake-only parameter.

2. Run guiconfig target

west build -t guiconfig

Then you will get the Kconfig GUI launched, like

) Hello World - O ot

Save Save as.. || 5ave minimal (advanced]... Open... Jump to...

[] Show name [ ] Showall [ ] Single-menu mode

(Top)
Board Boot Header s
Project Segrments
Device Boot Header
=l Device MIMXRT1176 Part (Device part MIMXRTT1760YVIMAAL)
@Device part MIMXRT1176DVIMAL
ODevice part MIMERT1176AVIMEA
ODevice part MIMERT11TECVIMEA
B Device specific drivers
K |Use driver clock
EUse driver iormuxe
:|U5e driver mipi csi2rx
:|U5E driver mipi dsi
EUEE driver anatop_ai
E'Use driver memory
:|U5e driver nic301
E'Use driver dedc
EUse driver gpc
EUse driver pgrmc
EUEE driver prmu
EUEE driver src W

Econfig definition., with parent deps. propagated to " depends on’

4t D fedk_next/mouxsdkydevicesh.. /devices/ET/RT1170/NIMET11 76 \drivers/Kconfig: B
Included wia D: fadk_next/mouxsdk/examples/demo_appsfhello_world/Econfiz: 6 —>

D: fedk_next/mouzsdk/Koconfig. mouxpreszo: @ —» D fedk_next/mouxsdk\devices/Econfig: 1
= I f=dk_next/mouxsdkydevicesh.. fdevices/RT/RT1170,/ NIMET11 76,/ Econfig: &

Merm path: (Topd

memi “Device specific driwers”

You can reconfigure the project by selecting/deselecting Kconfig options.

After saving and closing the Kconfig GUI, you can directly run west build to build with the new
configuration.
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Flash Note: Please refer Flash and Debug The Example to enable west flash/debug support.
Flash the hello_world example:

west flash -r linkserver

Debug Start a gdb interface by following command:

west debug -r linkserver

Work with IDE Project The above build functionalities are all with CLI If you want to use
the toolchain IDE to work to enjoy the better user experience especially for debugging or you
are already used to develop with IDEs like IAR, MDK, Xtensa and CodeWarrior in the embedded
world, you can play with our IDE project generation functionality.

This is the cmd to generate the evkbmimxrt1170 hello_world IAR IDE project files.

west build -b evkbmimxrt1170 examples/demo__apps/hello_ world --toolchain iar -Dcore_id=cm?7 --config, |
—flexspi_nor__debug -p always -t guiproject

By default, the IDE project files are generated in mcuxsdk/build/<toolchain> folder, you can open
the project file with the IDE tool to work:

k-next\mcu-sdk-3.0
N-3¢ ) rc west build frdmk64f . \exampl

Note, please follow the Installation to setup the environment especially make sure that ruby has
been installed.

1.4 Release Notes

1.4.1 MCUXpresso SDK Release Notes
Overview

The MCUXpresso SDK is a comprehensive software enablement package designed to simplify
and accelerate application development with Arm Cortex-M-based devices from NXP, including
its general purpose, crossover and Bluetooth-enabled MCUs. MCUXpresso SW and Tools for DSC
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further extends the SDK support to current 32-bit Digital Signal Controllers. The MCUXpresso
SDK includes production-grade software with integrated RTOS (optional), integrated enabling
software technologies (stacks and middleware), reference software, and more.

In addition to working seamlessly with the MCUXpresso IDE, the MCUXpresso SDK also supports
and provides example projects for various toolchains. The Development tools chapter in the
associated Release Notes provides details about toolchain support for your board. Support for
the MCUXpresso Config Tools allows easy cloning of existing SDK examples and demos, allowing
users to leverage the existing software examples provided by the SDK for their own projects.

Underscoring our commitment to high quality, the MCUXpresso SDK is MISRA compliant and
checked with Coverity static analysis tools. For details on MCUXpresso SDK, see MCUXpresso-
SDK: Software Development Kit for MCUXpresso.

MCUXpresso SDK

As part of the MCUXpresso software and tools, MCUXpresso SDK is the evolution of Kinetis SDK,
includes support for LPC, DSC,PN76, and i.MX System-on-Chip (SoC). The same drivers, APIs, and
middleware are still available with support for Kinetis, LPC, DSC, and i.MX silicon. The MCUX-
presso SDK adds support for the MCUXpresso IDE, an Eclipse-based toolchain that works with
all MCUXpresso SDKs. Easily import your SDK into the new toolchain to access to all of the avail-
able components, examples, and demos for your target silicon. In addition to the MCUXpresso
IDE, support for the MCUXpresso Config Tools allows easy cloning of existing SDK examples and
demos, allowing users to leverage the existing software examples provided by the SDK for their
own projects.

In order to maintain compatibility with legacy Freescale code, the filenames and source code in
MCUXpresso SDK containing the legacy Freescale prefix FSL has been left as is. The FSL prefix
has been redefined as the NXP Foundation Software Library.

Development tools

The MCUXpresso SDK was tested with following development tools. Same versions or above are
recommended.

* JTAR Embedded Workbench for Arm, version is 9.60.4
* MCUXpresso for VS Code v25.09
* GCC Arm Embedded Toolchain 14.2.x

Supported development systems

This release supports board and devices listed in following table. The board and devices in bold
were tested in this release.

De- MCU devices
velop-

ment

boards

MCIMXS MIMX9311CVXXM, MIMX9311DVXXM, MIMX9311XVXXM, MIMX9312CVXXM,
QSB MIMX9312DVXXM, MIMX9312XVXXM, MIMX9321CVXXM, MIMX9321DVXXM,
MIMX9321XVXXM, MIMX9322CVXXM, MIMX9322DVXXM, MIMX9322XVXXM
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MCUXpresso SDK release package

The MCUXpresso SDK release package content is aligned with the silicon subfamily it supports.
This includes the boards, CMSIS, devices, middleware, and RTOS support.

Device support The device folder contains the whole software enablement available for the
specific System-on-Chip (SoC) subfamily. This folder includes clock-specific implementation,
device register header files, device register feature header files, and the system configuration
source files. Included with the standard SoC support are folders containing peripheral drivers,
toolchain support, and a standard debug console. The device-specific header files provide a di-
rect access to the microcontroller peripheral registers. The device header file provides an overall
SoC memory mapped register definition. The folder also includes the feature header file for each
peripheral on the microcontroller. The toolchain folder contains the startup code and linker files
for each supported toolchain. The startup code efficiently transfers the code execution to the
main() function.

Board support The boards folder provides the board-specific demo applications, driver exam-
ples, and middleware examples.

Demo application and other examples The demo applications demonstrate the usage of the
peripheral drivers to achieve a system level solution. Each demo application contains a readme
file that describes the operation of the demo and required setup steps. The driver examples
demonstrate the capabilities of the peripheral drivers. Each example implements a common
use case to help demonstrate the driver functionality.

RTOS

FreeRTOS Real-time operating system for microcontrollers from Amazon

Middleware

CMSIS DSP Library The MCUXpresso SDK is shipped with the standard CMSIS development
pack, including the prebuilt libraries.

VoiceSpot VoiceSpot is a highly accurate, small memory and MIPS profile wake word engine
supporting custom voice trigger words and phrases. MCUXpresso SDK version of VoiceSpot is
trained to “Hey NXP” wake word only and has 25 hour trial timeout.

Voice Seeker (no AEC) VoiceSeeker is a multi-microphone voice control audio front-end signal
processing solution. VoiceSeeker is not featuring acoustic echo cancellation (AEC).

TinyCBOR Concise Binary Object Representation (CBOR) Library

PKCS#11 The PKCS#11 standard specifies an application programming interface (API), called
“Cryptoki,” for devices that hold cryptographic information and perform cryptographic func-
tions. Cryptoki follows a simple object based approach, addressing the goals of technology in-
dependence (any kind of device) and resource sharing (multiple applications accessing multiple
devices), presenting to applications a common, logical view of the device called a “cryptographic
token”.
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Multicore Multicore Software Development Kit

eIQ The package contains several example applications using the eIQ TensorFlow Lite for Mi-

crocontrollers library.

elQ machine learning SDK containing:

* Arm CMSIS-NN library (neural network kernels optimized for Cortex-M cores)

* Inference engines:
— TensorFlow Lite Micro
— DeepView RT

» Example code for TensorFlow Lite Micro, Glow, and DeepView RT

IwIP The IwlIP TCP/IP stack is pre-integrated with MCUXpresso SDK and runs on top of the
MCUZXpresso SDK Ethernet driver with Ethernet-capable devices/boards.

For details, see the IwIP TCPIP Stack and MCUXpresso SDK Integration User’s Guide (document

MCUXSDKLWIPUG).

IwlIP is a small independent implementation of the TCP/IP protocol suite.

IThttp HTTP parser llhttp

FreeMASTER FreeMASTER communication driver for 32-bit platforms.

Release contents

Provides an overview of the MCUXpresso SDK release package contents and locations.

Deliverable

Location

Boards

Demo Applications

Driver Examples

elQ examples

Board Project Template for MCUXpresso IDE NPW
Driver, SoC header files, extension header files and
feature header files, utilities

CMSIS drivers

Peripheral drivers

Toolchain linker files and startup code

Utilities such as debug console

Device Project Template for MCUXpresso IDE NPW
CMSIS Arm Cortex-M header files, DSP library source
Components and board device drivers

RTOS

Release Notes, Getting Started Document and other
documents

Tools such as shared cmake files

Middleware

INSTALL_DIR/boards
INSTALL_DIR/boards/<board_name>/demo_apps
INSTALL_DIR/boards/<board_name>/driver_examples
INSTALL_DIR/boards/<board_name>/eiq_examples
INSTALL_DIR/boards/<board_name>/project_template
INSTALL_DIR/devices/<device_name>

INSTALL_DIR/devices/<device_name>/cmsis_drivers
INSTALL_DIR/devices/<device_name>/drivers
INSTALL_DIR/devices/<device_name>/<toolchain_nam
INSTALL_DIR/devices/<device_name>/utilities
INSTALL_DIR/devices/<device_name>/project_templat
INSTALL_DIR/CMSIS

INSTALL_DIR/components

INSTALL_DIR/rtos

INSTALL_DIR/docs

INSTALL_DIR/tools
INSTALL_DIR/middleware
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Known Issues

This section lists the known issues, limitations, and/or workarounds.

eDMA examples accessing AIPS peripheral bridge memory must run through U-Boot load-
ing method

Non-secure access to Arm IP Bus (AIPS) must be configured in Trusted Resource Domain Control
(TRDC) for enhanced direct memory access (eDMA) controller. Due to the limitation that Sentinel
ROM can release TRDC only once, such examples must run through U-Boot loading method after
Trusted Firmware-A (TF-AD configuring TRDC.

To make low-power boot mode work for only M core in such example, you need to implement
the request of the TRDC release and configure TRDC. However, it will break the single boot mode
with TF-A/Linux BSP.

The following eDMA examples need access to AIPS.
» cmsis_lpi2c_edma_b2b_transfer_master
* cmsis_lpi2c_edma_b2b_transfer_slave
* cmsis_lpuart_edma_transfer
* flexcan_loopback_edma_transfer
* lpi2c_edma_b2b_transfer_master
* lpi2c_edma_b2b_transfer_slave
* lpuart_edma_transfer
* pdm_edma_transfer

* sai_edma_transfer

Examples hello_world_ns, secure_faults_ns, and secure_faults_trdc_ns have incorrect li-
brary path in GUI projects

When the affected examples are generated as GUI projects, the library linking the secure and
non-secure worlds has an incorrect path set. This causes linking errors during project compila-
tion.

Examples: hello world_ns, hello_ world_s, secure faults_ ns, secure_faults_s, se-
cure_faults_trdc_ns, secure_faults_trdc_s

Affected toolchains: mdk, iar

Workaround: In the IDE project settings for the non-secure (_ns) project, find the linked library
(named hello_world_s CMSE_ lib.o, or similar, depending on the example project) and replace
the path to the library with <build directory>/<secure_world_project_folder>/<IDE>/, replac-
ing the subdirectory names with the build directory, the secure world project name, and IDE
name.

1.5 ChangeLog

1.5.1 MCUXpresso SDK Changelog
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Board Support Files

board

[25.06.00]

 Initial version

clock_config

[25.06.00]

¢ Initial version

pin_mux

[25.06.00]

 Initial version

CACHE XCACHE

[2.0.4]
* Improvements

— Add memory barrier when enabling/disabling cache.

[2.0.3]
* Bug Fixes
— Fixed CERT INT30-C violations.
[2.0.2]
* Bug Fixes
— Updated  XCACHE_InvalidateCacheByRange(), XCACHE_CleanCacheByRange(),
XCACHE_CleanInvalidateCacheByRange() in case of startAddr equal to endAddr.
[2.0.1]

* Improvements

— Check input parameter “size_byte” must be larger than 0.

[2.0.0]

 Initial version.

46 Chapter 1. MCIMX93-QSB



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

COMMON

[2.6.1]
* Improvements

— Support Cortex M23.

[2.6.0]
* Bug Fixes
— Fix CERT-C violations.

[2.5.0]
* New Features

— Added new APIs InitCriticalSectionMeasurementContext, DisableGlobalIRQEx and En-
ableGloballRQEx so that user can measure the execution time of the protected sections.

[2.4.3]
* Improvements

— Enable irgs that mount under irgsteer interrupt extender.

[2.4.2]
* Improvements

— Add the macros to convert peripheral address to secure address or non-secure address.

[2.4.1]
* Improvements

— Improve for the macro redefinition error when integrated with zephyr.

[2.4.0]
* New Features
— Added EnableIRQWithPriority, IRQ_SetPriority, and IRQ_ClearPendingIRQ for ARM.
— Added MSDK_EnableCpuCycleCounter, MSDK_GetCpuCycleCount for ARM.

[2.3.3]
* New Features

— Added NETC into status group.

[2.3.2]
* Improvements

— Make driver aarch64 compatible
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[2.3.1]
* Bug Fixes
— Fixed MAKE_VERSION overflow on 16-bit platform:s.
[2.3.0]

* Improvements

— Split the driver to common part and CPU architecture related part.

[2.2.10]
* Bug Fixes

— Fixed the ATOMIC macros build error in cpp files.

[2.2.9]
* Bug Fixes
- Fixed MISRA C-2012 issue, 5.6, 5.8, 8.4, 8.5, 8.6, 10.1, 10.4, 17.7, 21.3.

— Fixed SDK_Malloc issue that not allocate memory with required size.

[2.2.8]
* Improvements
— Included stddef.h header file for MDK tool chain.
* New Features:

— Added atomic modification macros.

[2.2.7]
* Other Change
— Added MECC status group definition.

[2.2.6]
* Other Change
— Added more status group definition.
* Bug Fixes
— Undef _ VECTOR_TABLE to avoid duplicate definition in cmsis_clang.h

[2.2.5]
* Bug Fixes
- Fixed MISRA C-2012 rule-15.5.
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[2.2.4]
* Bug Fixes
- Fixed MISRA C-2012 rule-10.4.
[2.2.3]

* New Features

— Provided better accuracy of SDK_DelayAtLeastUs with DWT, wuse macro
SDK_DELAY_USE_DWT to enable this feature.

— Modified the Cortex-M7 delay count divisor based on latest tests on RT series boards,
this setting lets result be closer to actual delay time.

[2.2.2]
* New Features
— Added include RTE_Components.h for CMSIS pack RTE.

[2.2.1]
* Bug Fixes
- Fixed violation of MISRA C-2012 Rule 3.1, 10.1, 10.3, 10.4, 11.6, 11.9.
[2.2.0]

* New Features

— Moved SDK_DelayAtLeastUs function from clock driver to common driver.

[2.1.4]
* New Features
— Added OTFAD into status group.

[2.1.3]
* Bug Fixes
— MISRA C-2012 issue fixed.
* Fixed the rule: rule-10.3.
[2.1.2]

* Improvements

— Add SUPPRESS_FALL_THROUGH_WARNING() macro for the usage of suppressing
fallthrough warning.

[2.1.1]
* Bug Fixes

— Deleted and optimized repeated macro.
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[2.1.0]
* New Features
— Added IRQ operation for XCC toolchain.
— Added group IDs for newly supported drivers.

[2.0.2]
* Bug Fixes
— MISRA C-2012 issue fixed.
* Fixed the rule: rule-10.4.
[2.0.1]

* Improvements
— Removed the implementation of LPC8XX Enable/DisableDeepSleepIRQ() function.

— Added new feature macro switch “FSL,_FEATURE_HAS_NO_NONCACHEABLE_SECTION”
for specific SoCs which have no noncacheable sections, that helps avoid an unneces-
sary complex in link file and the startup file.

— Updated the align(x) to attribute(aligned(x)) to support MDK v6 armclang compiler.

[2.0.0]

 Initial version.

EDMA

[2.10.7]
* Improvements

— Add condition to fix build warnings(array subscript 4 is above array bounds of
‘edma_handle_t *[4][64]")

* Bug Fixes

— Fixed the EDMA header index retrieval error caused by done bit calculation mistake
issue.

[2.10.6]
* Improvements

— Add macro FSL_FEATURE_EDMA_HAS_EDMA_TCD_CLOCK ENABLE to enable tcd
clocks in EDMA_Init function.

[2.10.5]
* Bug Fixes

- Fixed memory convert would convert NULL as zero address issue.
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[2.10.4]
* Improvements
— Add new MP register macros to ensure compatibility with different devices.

— Add macro DMA_CHANNEL_ARRAY_STEPn to adapt to complex addressing of edma
tcd registers.

[2.10.3]
* Bug Fixes

— Clear interrupt status flags in EDMA_CreateHandle to avoid triggering interrupt by
mistake.

[2.10.2]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 10.3.

[2.10.1]
* Bug Fixes
— Fixed EDMA_GetRemainingMajorLoopCount may return wrong value issue.
— Fixed violations of the MISRA C-2012 rules 13.5, 10.4.

[2.10.0]
* Improvements

— Modify the structures edma_core_mp_t, edma_core_channel_t, edma_core_tcd_t to
adapt to edmas.

— Add TCD register macro to facilitate confirmation of tcd type.
— Modfiy the mask macro to a fixed value.
— Add EDMA_TCD_TYPE macro to determine edma tcd type.
— Add extension API to the following API to determine edma tcd type.
% EDMA_ConfigChannelSoftwareTCD -> EDMA_ConfigChannelSoftwareTCDExt
* EDMA_TcdReset -> EDMA_TcdResetExt
% EDMA_TcdSetTransferConfig -> EDMA_TcdSetTransferConfigExt
% EDMA_TcdSetMinorOffsetConfig -> EDMA_TcdSetMinorOffsetConfigExt
* EDMA_TcdSetChannelLink -> EDMA_TcdSetChannelLinkExt
* EDMA_TcdSetBandWidth -> EDMA_TcdSetBandWidthExt
* EDMA_TcdSetModulo -> EDMA_TcdSetModuloExt
* EDMA_TcdEnableAutoStopRequest -> EDMA_TcdEnableAutoStopRequestExt
% EDMA_TcdEnableInterrupts -> EDMA_TcdEnableInterruptsExt
% EDMA_TcdDisableInterrupts -> EDMA_TcdDisableInterruptsExt
* EDMA_TcdSetMajorOffsetConfig -> EDMA_TcdSetMajorOffsetConfigExt

1.5. ChangeLog 51



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

[2.9.2]
* Improvements

— Remove tcd alignment check in API that is low level and does not necessarily use
scather/gather mode.

[2.9.1]
* Bug Fixes
— Deinit channel request source before set channel mux.
[2.9.0]

* Improvements

— Release peripheral from reset if necessary in init function.
* Bug Fixes

— Fixed the variable type definition error issue.

— Fixed doxygen warning.

— Fixed violations of MISRA C-2012 rule 18.1.

[2.8.1]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 10.3
[2.8.0]

* Improvements
— Added feature FSL_FEATURE_EDMA_HAS_NO_CH_SBR_SEC to separate DMA without

SEC bitfield.
[2.7.1]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 10.3, 10.4, 11.6, 11.8, 14.3,.
[2.7.0]

* Improvements
— Use more accurate DMA instance based feature macros.
* New Features

— Add new APIs EDMA_PrepareTransferTCD and EDMA_SubmitTransferTCD, which sup-
port EDMA transfer using TCD.

[2.6.0]
* Improvements

— Modify the type of parameter channelRequestSource from dma_request_source_t to
int32_t in the EDMA_SetChannelMux.
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[2.5.3]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 10.3, 10.4, 11.6, 20.7, 12.2, 20.9, 5.3, 10.8, 8.4, 9.3.
[2.5.2]
* Improvements
— Applied ERRATA 51327.
[2.5.1]
* Bug Fixes
— Fixed the EDMA_ResetChannel function cannot reset channel DONE/ERROR status.
[2.5.0]

* Improvements

— Added feature FSL_FEATURE_EDMA_HAS_NO_SBR_ATTR_BIT to separate DMA with-
out ATTR bitfield.

— Added api EDMA_GetChannelSystemBusInformation to gets the channel identification
and attribute information on the system bus interface.

* Bug Fixes
— Fixed the ESG bit not set in scatter gather mode issue.
— Fixed the DREQ bit configuration missed in single transfer issue.
— Cleared the interrupt status before invoke callback to avoid miss interrupt issue.

— Removed disableRequestAfterMajorLoopComplete from edma_transfer_config_t
structure as driver will handle it.

— Fixed the channel mux configuration not compatible issue.

— Fixed the out of bound access in function EDMA_DriverIRQHandler.

[2.4.4]
* Bug Fixes
— Fixed comments by replacing STCD with TCD
— Fixed the TCD overwrite issue when submit transfer request in the callback if there is
a active TCD in hardware.
[2.4.3]

¢ Improvements

— Added FSL_FEATURE_MEMORY _HAS ADDRESS_OFFSET to convert the address be-
tween system mapped address and dma quick access address.

* Bug Fixes

— Fixed the wrong tcd done count calculated in first TCD interrupt for the non scatter
gather case.
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[2.4.2]
* Bug Fixes
— Fixed the wrong tcd done count calculated in first TCD interrupt by correct the initial
value of the header.
— Fixed violations of MISRA C-2012 rule 10.3, 10.4.
[2.4.1]
* Bug Fixes
— Added clear CITER and BITER registers in EDMA_AbortTransfer to make sure the TCD
registers in a correct state for next calling of EDMA_SubmitTransfer.
— Removed the clear DONE status for ESG not enabled case to aovid DONE bit cleared
unexpectedly.
[2.4.0]

* Improvements

— Added api EDMA_EnableContinuousChannell.inkMode to support continuous link
mode.

— Added apis EDMA_SetMajorOffsetConfig/EDMA_TcdSetMajorOffsetConfig to support
major loop address offset feature.

— Added api EDMA_EnableChannelMinorLoopMapping for minor loop offset feature.

— Removed the reduntant IRQ Handler in edma driver.

[2.3.2]
* Improvements
— Fixed HIS ccm issue in function EDMA_PrepareTransferConfig.
— Fixed violations of MISRA C-2012 rule 11.6, 10.7, 10.3, 18.1.
* Bug Fixes

— Added ACTIVE & BITER & CITER bitfields to determine the channel status to fixed the
issue of the transfer request cannot submit by function EDMA_SubmitTransfer when
channel is idle.

[2.3.1]
* Improvements
— Added source/destination address alignment check.

— Added driver IRQ handler support for multi DMA instance in one SOC.

[2.3.0]
* Improvements

— Added new api EDMA_PrepareTransferConfig to allow different configurations of
width and offset.

* Bug Fixes
— Fixed violations of MISRA C-2012 rule 10.4, 10.1.
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— Fixed the Coverity issue regarding out-of-bounds write.

[2.2.0]
¢ Improvements

— Added peripheral-to-peripheral support in EDMA driver.

[2.1.9]
* Bug Fixes
— Fixed MISRA issue: Rule 10.7 and 10.8 in function EDMA_DisableChannellnterrupts
and EDMA_SubmitTransfer.
— Fixed MISRA issue: Rule 10.7 in function EDMA_EnableAsyncRequest.
[2.1.8]
* Bug Fixes
— Fixed incorrect channel preemption base address used in
EDMA_SetChannelPreemptionConfig API which causes incorrect configuration of
the channel preemption register.
[2.1.7]
* Bug Fixes
— Fixed incorrect transfer size setting.
* Added 8 bytes transfer configuration and feature for RT series;
* Added feature to support 16 bytes transfer for Kinetis.
— Fixed the issue that EDMA_HandleIRQ would go to incorrect branch when TCD was not
used and callback function not registered.
[2.1.6]
* Bug Fixes

— Fixed KW3X MISRA Issue.
* Rule 14.4, 10.8, 10.4, 10.7, 10.1, 10.3, 13.5, and 13.2.
* Improvements

— Cleared the IRQ handler wunavailable for specific platform with macro
FSL_FEATURE_EDMA_MODULE_CHANNEL_IRQ_ENTRY_SHARED_OFFSET.

[2.1.5]
* Improvements

— Improved EDMA IRQ handler to support half interrupt feature.
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[2.1.4]
* Bug Fixes
— Cleared enabled request, status during EDMA_Init for the case that EDMA is halted
before reinitialization.
[2.1.3]
* Bug Fixes
— Added clear DONE bit in IRQ handler to avoid overwrite TCD issue.
— Optimized above solution for the case that transfer request occurs in callback.
[2.1.2]

* Improvements
— Added interface to get next TCD address.

— Added interface to get the unused TCD number.

[2.1.1]
* Improvements

— Added documentation for eDMA data flow when scatter/gather is implemented for the
EDMA_HandleIRQ API.

— Updated and corrected some related comments in the EDMA_HandleIRQ API and
edma_handle_t struct.

[2.1.0]
* Improvements

— Changed the EDMA_GetRemainingBytes APIinto EDMA_GetRemainingMajorLoopCount
due to eDMA IP limitation (see API comments/note for further details).

[2.0.5]
* Improvements
— Added pubweak DriverIRQHandler for K32H844P (16 channels shared).

[2.0.4]
* Improvements
— Added support for SoCs with multiple eDMA instances.
— Added pubweak DriverIRQHandler for KL28T DMA1 and MCIMX7U5_M4.

[2.0.3]
* Bug Fixes

— Fixed the incorrect pubweak IRQHandler name issue, which caused re-definition build
errors when client set his/her own IRQHandler, by changing the 32-channel IRQHan-
dler name to DriverIRQHandler.
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[2.0.2]
* Bug Fixes
— Fixed incorrect minorLoopBytes type definition in _edma_transfer_config struct, and
defined minorLoopBytes as uint32_t instead of uint16_t.
[2.0.1]
* Bug Fixes
— Fixed the eDMA callback issue (which did not check valid status) in EDMA_HandleIRQ
APL
[2.0.0]

 Initial version.

ENET

[2.11.0]
* New Features

— Added function ENET_Ptp1588JumpTimer which adjusts the ENET PTP 1588 timer by
jumping a relative time difference. Compared to ENET_Ptp1588SetTimer, this function
yields more accurate results when the relative time difference between the PTP clock
and the target clock is known.

[2.10.1]
* Bug Fixes
— Fixed WAKEUP interrupt not being handled.
[2.10.0]

* New Features

— Added function ENET_Ptp1588GetChannelCaptureValue to read last captured time
from PTP 1588 timer.

[2.9.3]
* Bug Fixes

— Fixed ENET_Ptp1588GetTimer incorrect timestamps when timer wraps occur after
nanosecond capture:

% Now only increments second field when nanosecond value is less than half a sec-
ond
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[2.9.2]
* Bug Fixes
— RGMII mode is (temporarily) disabled before selecting between 10/100-Mbit/s and
1000-Mbit/s modes of operation. The bit RGMII_EN of RCR register must not be set
while changing ECR register’s speed bit, otherwise there is a possibility of ENET IP
ending in an incorrect state.
[2.9.1]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 8.4, 10.4.
[2.9.0]
* Bug Fixes

— Enabled collection of transfer statistics, so the function ENET_GetStatistics does not
always return zeroes.

* New Features

— Added new function ENET EnableStatistics to enable/disable collection of transfer
statistics.

— Added new function ENET ResetStatistics to reset transfer statistics.
* Improvements

— Renamed the function ENET ResetHareware to ENET_ResetHardware.

[2.8.0]
* New Features

— Added the function to reset hardware on certain devices.

[2.7.1]
* Bug Fixes
— Fixed the issue that free wrong buffer address when one frame stores in multiple
buffers and memory pool is not enough to allocate these buffers to receive one com-
plete frame.
[2.7.0]

* Improvements

— Deleted deprecated zero copy Tx/Rx functions and set callback function which can be
configured in ENET_Init.

— Moved the Rx zero copy buffer allocation to Rx BD initialization function to reduce
unnecessary looping code.
* Bug Fixes

— Fixed the issue that predefined Rx buffers which should not be used when enabling
Rx zero copy are still be handled by cache operation, it causes hardfault on some plat-
forms.
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— Fixed the issue that zero-copy Rx function doesn’t check Rx length of 0 in the BD with
EMPTY bit is 0, it may occur in the corner case reported by customer. Not sure how it
turns out, consider it as an ENET IP issue and drop this abnormal BD.

[2.6.3]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 11.6.
[2.6.2]

* Improvements

— Changed ENET1_MACO_Rx_Tx_Done0_DriverIRQHandler/ENET1_MACO_Rx_Tx_Donel_DriverIRQHan
to ENET1_MACO_Rx_Tx_Donel_DriverIRQHandler/ENET1_MACO_Rx_Tx_Done2_DriverIRQHandler
which represent ring 1 and ring 2.

[2.6.1]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 10.3, 10.4, 10.7, 11.6, 11.8.
[2.6.0]

* Improvements
— Added MDIO access wrapper APIs for ease of use.
— Fixed the build warning introduced by 64-bit compatibility patch.

[2.5.4]
* Improvements

— Made the driver compatible with 64-bit platforms.

[2.5.3]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 11.6.
[2.5.2]

* Improvements
— Updated the TXIC/RXIC register handling code according to the new header file.

[2.5.1]
* Bug Fixes

— Fixed document typo.
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[2.5.0]
* Bug Fixes
— Fixed the SendFrame/SendFrameZeroCopy functions issue with scattered buffers.
— Updated the formula of MDC calculation.

— Used a feature macro to distinguish the old IP design from the new design, because
old IP design always reads a value zero from ATCR->CAPTURE bit. For old IP, driver
caculates and wait the necessary delay cycles after setting ATCR->CAPTURE then gets
the timestamp value.

* New Features
— Added new zero copy Tx/Rx function.

— New zero copy Tx function combines scattered and contiguous Tx buffer in one API,
it also supports more Tx featrues which buffer descriptor supports but previous Tx
function doesn’t support.

— New zero copy Rx function use dynamic buffer mechanism and simpler interface.
* Improvements

— Corrected the interrupt handler for PTP timestamp IRQ and PTP1588 event IRQ since
platform difference.

— Added missing IRQ handlers for PTP1588 events on some platforms.

— Corrected the max Tx frame length verification, it will not depend on a fixed macro.
The ENET_FRAME_MAX FRAMELEN is only an default value for driver, application
can configure it. Driver caculates the limitation with the max frame length in register
which may takes extended 4 or 8 bytes VLAN tag if VLAN/SVLAN enables.

— Deleted deprecated Clause 45 read/write legacy APIs.

[2.4.3]
* Improvements
— Aligned the IRQ handler name with header file.

[2.4.2]
* Bug Fixes

— Fixed the MISRA issue of speculative out-of-bounds access.

[2.4.1]
* Bug Fixes

— Fixed the PTP time capture issue.

[2.4.0]
* Improvements

— Exposed API ENET_ReclaimTxDescriptor for user application to relaim tx descriptors
in their application.

— Added counter to record multicast hash conflict in struct _enet_handle, improved the
situation that one multicast group could be left by other conflict multicast address left
operation.
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— Improved concurrent usage of relaim and send frame operation.

[2.3.4]
* Bug Fixes
— Fixed the issue that interrupt handler only checks the interrupt event flag but not
checks interrupt mask flag.
[2.3.3]
* Bug Fixes
— Fixed the issue that some compilers may choose the memcpy with 4-bit aligned address
limitation due to the type of address pointer is ‘unsigned int *’, the data address doesn’t
have to be 4-bit aligned.
[2.3.2]

* New Features

— Added the feature that ENET driver can be used in the platform which integrates both
10/100M and 1G ENET IP.

— Deleted duplicated code about ARM errata 838869 in first/second level IRQ handler.

[2.3.1]
* Improvements

— Added function pointer checking in IRQ handler to make sure code can be used even
it runs into the interrupt when the second level interupt handler is NULL.

[2.3.0]
* Bug Fixes

— Fixed the issue that clause 45 MDIO read/write API doesn’t check the transmission over
status between two transmissions.

— Fixed violations of the MISRA C-2012 rules 2.2,10.3,10.4,10.7,11.6,11.8,13.5,14.4,15.7,17.7.
* New Features

— Added APIs to support send/receive frame with Zero-Copy.
* Improvements

— Separated the clock configuration from module configuration when init and deinit.

— Added functions to set second level interrupt handler.

— Provided new function to get 1588 timer count without disabling interrupt.

— Improved timestamp controlling, deleted all old timestamp management APIs and data
structures.

— Merged the single/multiple ring(s) APIs, now these APIs can handle both.

— Used base and index to control buffer descriptor, aligned with qos and Ipc enet driver.
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[2.2.6]
* Bug Fixes
— Updated MII speed formula referring to the manual.
[2.2.5]
* Bug Fixes

— Fixed violations of the MISRA C-2012 rules 10.1, 10.3, 10.4, 10.6, 10.7, 11.6, 11.9, 13.5,
14.4,16.4,17.7,21.15, 3.1, 8.4.

— Changed to use ARRAY_SIZE(s_enetBases) as the array size for s_ENETHandle, fixed
the hardfault issue for using some ENET instance when ARRAY_SIZE(s_enetBases) is
not same as FSL_FEATURE_SOC_ENET_COUNT.

[2.2.4]

* Improvements

— Added call to Data Synchronization Barrier instruction before activating Tx/Rx buffer
descriptor to ensure previous data update is completed.

— Improved ENET_TransmitIRQHandler to store timestamps for multiple transmit buffer
descriptors.

— Bug Fixes
— Fixed the issue that ENET_Ptp1588GetTimer did not handle the timer wrap situation.

[2.2.3]
* Improvements

— Improved data buffer cache maintenance in the ENET driver.

[2.2.2]
* New Features
— Added APIs for extended multi-ring support.
— Added the AVB configure API for extended AVB feature support.

[2.2.1]
* Improvements

— Changed the input data pointer attribute to const in ENET_SendFrame().

[2.1.1]
* New Features
— Added the extended MDIO IEEE802.3 Clause 45 MDIO format SMI command APIs.
— Added the extended interrupt coalescing feature.
* Improvements
— Combined all storage operations in the ENET_Init to ENET_SetHandler API.
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[2.0.1]
* Bug Fixes
— Used direct transmit busy check when doing data transmit.
* Miscellaneous Changes
— Updated IRQ handler work flow.

- Changed the TX/RX interrupt macro from KENET_RxBytelnterrupt to
KENET RxBufferInterrupt, from KENET TxByteInterrupt to KENET_TxBufferInterrupt.

— Deleted unnecessary parameters in ENET handler.

[2.0.0]

 Initial version.

ENET_QOS

[2.7.2]
* Bug Fixes

— Notdisabling ENET_QOS_ConfigureRxParser function when compiled for EMAC, as the
MTL_RXP_INDIRECT_ACC_DATA register is writeable now.

[2.7.1]
* Bug Fixes
— Fixed writing after DMA_CH array on platforms with smaller number of channels
(EMAQ).
[2.7.0]

* New features

— The driver can work with EMAC IP now. EMAC is similar to ENET_QOS but doesn’t
support 100 % of its features.

[2.6.5]
* Bug Fixes
— Fixed ENET_QOS_GetMacAddr address byte order not matching
ENET_QOS_SetMacAddr.
[2.6.4]

* Improvements

— ENET_QOS_SetMII returns success or failure status now (related to i. MX RT1170 errata
ERR050539 - ENET_QOS doesn’t support RMII 10Mbps mode).

* Bug Fixes
— Fixed the MISRA C-2012 issue rule 14.3.

1.5. ChangeLog 63



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

[2.6.3]
* Bug Fixes
— Fixed the issue that ENET_QOS_GetRxFrame, ENET _QOS_ReadFrame and
ENET_QOS_DropFrame did not properly restart the receiving once it stopped.
[2.6.2]
* Bug Fixes
— Fixed the issue that free wrong buffer address when one frame stores in multiple
buffers and memory pool is not enough to allocate these buffers to receive one com-
plete frame.
[2.6.1]
* Bug Fixes
— Fixed the issue that ENET_QOS_ReadFrame doesn’t check timestamp available bit be-
fore check the context BD bit, it makes software update extra BD. If DMA receives new
frame to this BD before software update, software will lose this frame.
[2.6.0]

* New features

— Added hardware checksum acceleration support.

[2.5.3]
* Bug Fixes
— Fixed the MISRA issue rule 14.3, 5.3.

[2.5.2]
* Bug Fixes
— Fixed the issue that ENET_QOS_Init reset the MDIO setting of ENET_QOS_SetSMI.

[2.5.1]
* Improvements

— Supported RMII mode.

[2.5.0]
* Improvements

— Added MDIO access wrapper APIs for ease of use.
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[2.4.1]
* Improvements
— Supported cache control.
— Supported BD address convertion to system address.
— Make driver aarch64 compatible
* Bug Fixes

— Fixed the issue that driver internal interface ENET_QOS_DropFrame drops all frames
in whole BD ring rather than one frame as design. Impact case: 1. Rx drop occurs in
zero copy Rx API ENET_QOS_GetRxFrame. 2. Call ENET_QOS_ReadFrame with data
pointer is NULL, driver will drop all Rx frames.

[2.4.0]
* New features
— Added MDIO IEEE802.3 Clause 45 access support.
— Added get statistics API to get some statistical data in transfer.
— Added new APIs to support zero copy Rx.
— Fixed the MISRA issue rule 8.4, 8.6.

[2.3.0]
* Improvements

— Added counter to record multicast hash conflict in struct _enet_handle, improved the
situation that one multicast group could be left by other conflict multicast address left
operation.

* Bug Fixes

- Updated txDirtyRing maintenance in reclaim and send frame process, allow
txDirtyRing to be overwritten.

— Disabled carrier sensing in full duplex mode configuration in ethernet initialization

— Fixed 1588 sub-second calculate issue.

[2.2.2]
* Bug Fixes
— Fixed the issue that ENET_QOS_SetupTxDescriptor didn’t han-
dle the DMA access address mapping for SoCs have feature
FSL_FEATURE_MEMORY_HAS_ADDRESS_OFFSET.
— Fixed MISRA 2012 violations detected in examples build.
[2.2.1]
* Bug Fixes

— Fixed MISRA 2012 violations, fixed doxygen warning.

— Fixed the issue that cache invalidate to invalid converted mem-
ory address in ENET_QOS_ReadFrame for SoCs have feature
FSL_FEATURE_MEMORY_HAS ADDRESS_OFFSET.
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[2.2.0]
* Removed the ptp time data ring management, below structures and APIs are removed:
— structure enet_qos_ptp_time_data_t
— structure enet_qos_ptp_time_data_ring_t
— API ENET_QOS_GetRxFrameTime
— API ENET_QOS_GetTxFrameTime
Added API for GCL list read and AVB configuration
— ENET_QOS_EstReadGcl
— ENET_QOS_AVBConfigure

Improved driver for PTP system time configuration, timestamp read.

Added IRQ lock and memory barrier instruction for descriptor operation.

Fixed MISRA 2012 violations

[2.1.1]
* Bug Fixes
— Fixed the bug that data pointer is not converted to local memory address in the call to
ENET_QOS_Ptp1588ParseFrame.
[2.1.0]

* New feature

— Update driver to support feature FSL_FEATURE_MEMORY_HAS_ADDRESS_OFFSET
which convert buffer address to visible address for DMA.

— Require user to provide implementation for ENET_QOS_SetSYSControl API, which set
the PHY interface and enable clock generation for IP.

[2.0.0]

 Initial version.

FLEXCAN

[2.14.5]
* Improvements
— Make API FLEXCAN__GetFDMailboxOffset public.

— Add API FLEXCAN_ SetMbID and FLEXCAN__SetFDMbID to configure Message Buffer
ID individually.

* Bug Fixes
— Fixed violations of the CERT INT30-C INT31-C.
— Fixed violations of the CERT ARR30-C.
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[2.14.4]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 8.4, 10.1, 10.4, 18.1.

[2.14.3]
* Improvements
— Add unhandled interrupt events check for following API:
* FLEXCAN_ MbHandleIRQ
* FLEXCAN_ EhancedRxFifoHandleIRQ
* Bug Fixes

— Remove FLEXCAN_MemoryErrorHandleIRQ on some platform without memory error
interrupt.

— Add conditional compile for CTRL2[ISOCANFDEN] because some platform do not have
this bit.

[2.14.2]
* Improvements
— Add Coverage Justification for uncovered code.
— Adjust API FLEXCAN_ TransferAbortReceive order.

- Update FLEXCAN Enable to enter Freeze Mode first when enter Disable mode on some
platform.

— Added while loop timeout for following API:

* FLEXCAN_ EnterFreezeMode

* FLEXCAN ExitFreezeMode

* FLEXCAN_ Enable

* FLEXCAN Reset

* FLEXCAN_ TransferSendBlocking

* FLEXCAN_ TransferReceiveBlocking

* FLEXCAN_ TransferFDSendBlocking

* FLEXCAN_ TransferFDReceiveBlocking

* FLEXCAN_ TransferReceiveFifoBlocking

* FLEXCAN_ TransferReceiveEnhancedFifoBlocking
* Bug Fixes

— Remove remote frame feature in CANFD mode because there is no remote frame in
the CANFD format.

— Remove legacy Rx FIFO disabled branch in FLEXCAN_ SubHandlerForLegacyRxFIFO
and FLEXCAN SubHandlerForDataTransfered.
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[2.14.1]
* Bug Fixes

— Fixed register IMASK2-4 IFLAG2-4 HR_ TIME_STAMPn access issue on FlexCAN in-
stances with different number of MBs.

— Fixed bit field MBDSR1-3 access issue on FlexCAN instances with different number of
MBs.

* Improvements
— Unified following API as same parameter and return value type:
* FLEXCAN_ GetMbStatusFlags
* FLEXCAN_ ClearMbStatusFlags
* FLEXCAN_ EnableMblInterrupts
* FLEXCAN_ DisableMblnterrupts
— Add workaround for ERR050443 and ERR052403.

— Update message buffer read process in API FLEXCAN_ ReadRxMb and FLEX-
CAN_ ReadFDRxMb to make critical section as short as possible.

— Simplify API FLEXCAN_ DriverDatalRQHandler implementation by remove parameter
type.

[2.14.0]
* Improvements
— Support external time tick feature.
— Support high resolution timestamp feature.
— Enter Freeze Mode first when enter Disable Mode on some platform.

— Add feature macro for Pretended Networking because some FlexCAN instance do not
have this feature.

— Add feature macro for enhanced Rx FIFO because some FlexCAN instance do not have
this feature.

— Add new FlexCAN IRQ Handler FLEXCAN_DriverDatalRQHandler and FLEX-
CAN_DriverEventIRQHandler. Thses IRQ Handlers are used on soc which FlexCAN
interrupts are grouped by specific function and assigned to different vector.

- Update macro FLEXCAN_WAKE_UP_FLAG and FLEXCAN_PNWAKE_UP_FLAG to sim-
plify code.

— Replace  macro  FSL_FEATURE_FLEXCAN_HAS_NO_WAKMSK_SUPPORT  with
FSL_FEATURE_FLEXCAN_HAS_NO_SLFWAK _ SUPPORT.

— Replace macro FSL_FEATURE_FLEXCAN_HAS_NO_WAKSRC_SUPPORT with
FSL_FEATURE_FLEXCAN_HAS_GLITCH_FILTER.

* Bug Fixes

— Fixed wrong interrupt and status flag helper macro in enumeration _flexcan_flags and
API FLEXCAN_Disablelnterrupts.

— Fixed interrupt flag helper macro typo issue.

— Remove flags which will are unassociated with interrupt in macro FLEX-
CAN_MEMORY_ERROR_INT_FLAG.

— Remove flags which will are unassociated with interrupt in macro FLEX-
CAN_ERROR_AND_STATUS_INT_FLAG.
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— Fixed array out-of-bounds access when read enhanced Rx FIFO.

[2.13.1]
¢ Improvements

— Conditionally compile interrupt handling code to solve the problem of using this driver
on CPU cores that do not support interrupts.

[2.13.0]
* Improvements

— Support payload endianness selection feature.

[2.12.0]
* Improvements
— Support automatic Remote Response feature.

— Add API FLEXCAN_SetRemoteResponseMbConfig() to configure automatic Remote Re-
sponse mailbox.

[2.11.8]
* Improvements

— Synchronize flexcan driver update on s32z platform.

[2.11.7]
* Bug Fixes
— Fixed FLEXCAN_TransferReceiveEnhancedFifoEDMA() compatibility with edma5.
[2.11.6]
* Bug Fixes
— Fixed ERRATA_9595 FLEXCAN_EnterFreezeMode() may result to bus fault on some
platform.
[2.11.5]
* Bug Fixes
— Fixed flexcan_memset() crash under high optimization compilation.
[2.11.4]

* Improvements
— Update CANFD max bitrate to 10Mbps on MCXNx3x and MCXNx4x.

— Release peripheral from reset if necessary in init function.
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[2.11.3]
* Bug Fixes
— Fixed FLEXCAN_TransferReceiveEnhancedFifoEDMA() compile error with DMA3.

[2.11.2]
* Bug Fixes

— Fixed bug that timestamp in flexcan_handle_t not updated when RX overflow happens.

[2.11.1]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 10.1.

[2.11.0]
* Bug Fixes
— Fixed wrong base address argument in FLEXCAN2 IRQ Handler.
* Improvements

— Add API to determine if the instance supports CAN FD mode at run time.

[2.10.1]
* Bug Fixes
— Fixed HIS CCM issue.
— Fixed RTOS issue by adding protection to read-modify-write operations on interrupt
enable/disable APIL
[2.10.0]

* Improvements
— Update driver to make it able to support devices which has more than 64 8bytes MBs.

— Update CAN FD transfer APIs to make them set/get edl bit according to frame content,
which can make them compatible with classic CAN.

[2.9.2]
* Bug Fixes

— Fixed the issue that FLEXCAN_CheckUnhandleInterruptEvents() can’t detecting the ex-
ist enhanced RX FIFO interrupt status.

— Fixed the issue that FLEXCAN_ReadPNWakeUpMB() does not return fail even no exist-
ing valid wake-up frame.

— Fixed the issue that FLEXCAN_ReadEnhancedRxFifo() may clear bits other than the
data available bit.

— Fixed violations of the MISRA C-2012 rules 10.4, 10.8.

* Improvements
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— Return kStatus_ FLEXCAN_RxFifoDisabled instead of kStatus_Fail when read FIFO fail
during IRQ handler.

— Remove unreachable code from timing calculates APIs.

— Update Enhanced Rx FIFO handler to make it deal with underflow/overflow status first.

[2.9.1]
* Bug Fixes

— Fixed the issue that FLEXCAN_TransferReceiveEnhancedFifoBlocking() API clearing
Fifo data available flag more than once.

— Fixed the issue that entering FLEXCAN_SubHandlerForEhancedRxFifo() even if En-
hanced Rx fifo interrupts are not enabled.

— Fixed the issue that FLEXCAN_TransferReceiveEnhancedFifoEDMA() update handle
even if previous Rx FIFO receive not finished.

— Fixed the issue that FLEXCAN_SetEnhancedRxFifoConfig() not configure the ER-
FCR[NFE] bits to the correct value.

— Fixed the issue that FLEXCAN_ ReceiveFifoEDMACallback() can’t differentiate between
Rx fifo and enhanced rx fifo.

— Fixed the issue that FLEXCAN_TransferHandleIRQ() can’t report Legacy Rx FIFO warn-
ing status.

[2.9.0]
* Improvements
* Add public set bit rate API to make driver easier to use.

* Update Legacy Rx FIFO transfer APIs to make it support received multiple frames during
one API call.

* Optimized FLEXCAN_SubHandlerForDataTransfered() API in interrupt handling to reduce
the probability of packet loss.

[2.8.7]
* Improvements
¢ Initialized the EDMA configuration structure in the FLEXCAN EDMA driver.

[2.8.6]
* Bug Fixes

* Fix Coverity overrun issues in fsl_flexcan_edma driver.

[2.8.5]
* Improvements

— Make driver aarch64 compatible.
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[2.8.4]
* Bug Fixes
— Fixed FlexCan_Errata_6032 to disable all interrupts.
[2.8.3]
* Bug Fixes
— Fixed an issue with the FLEXCAN_EnableInterrupts and FLEXCAN_DisableInterrupts
interrupt enable bits in the CTRL1 register.
[2.8.2]
* Bug Fixes
— Fixed errors in timing calculations and simplify the calculation process.
— Fixed issue of CBT and FDCBT register may write failure.
[2.8.1]
* Bug Fixes
— Fixed the issue of CAN FD three sampling points.
— Added macro to support the devices that no MCR[SUPV] bit.
— Remove unnecessary clear WMB operations.
[2.8.0]

* Improvements
— Update config configuration.

% Added enableSupervisorMode member to support enable/disable Supervisor
mode.

— Simplified the algorithm in CAN FD improved timing APIs.

[2.7.1]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 10.3, 10.7.
[2.7.0]

* Improvements
— Update config configuration.

% Added enablePretendedeNetworking member to support enable/disable Pre-
tended Networking feature.

* Added enableTransceiverDelayMeasure member to support enable/disable
Transceiver Delay MeasurementPretended feature.

* Added bitRate/bitRateFD member to work as baudRate/baudRateFD member
union.

— Rename all “baud” in code or comments to “bit” to align with the CAN spec.
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— Added Pretended Networking mode related APIs.
* FLEXCAN_SetPNConfig
* FLEXCAN_GetPNMatchCount
# FLEXCAN_ReadPNWakeUpMB

— Added support for Enhanced Rx FIFO.

— Removed independent memory error interrupt/status APIs and put all interrupt/status
control operation into FLEXCAN_Enablelnterrupts/FLEXCAN_DisableInterrupts and
FLEXCAN_GetStatusFlags/FLEXCAN_ClearStatusFlags APIs.

— Update improved timing APIs to make it calculate improved timing according to CiA
doc recommended.

* FLEXCAN_CalculateImprovedTimingValues.
% FLEXCAN_FDCalculateImprovedTimingValues.

— Update FLEXCAN_SetBitRate/FLEXCAN_SetFDBitRate to added the use of enhanced
timing registers.

[2.6.2]
* Improvements

— Add CANFD frame data length enumeration.

[2.6.1]
* Bug Fixes
— Fixed the issue of not fully initializing memory in FLEXCAN_Reset() API.
[2.6.0]

* Improvements
— Enable CANFD ISO mode in FLEXCAN_FDInit API.

— Enable the transceiver delay compensation feature when enable FD operation and set
bitrate switch.

— Implementation memory error control in FLEXCAN_Init APL

— Improve FLEXCAN_FDCalculateImprovedTimingValues API to get same value for
FPRESDIV and PRESDIV.

— Added memory error configuration for user.
* enableMemoryErrorControl
* enableNonCorrectableErrorEnterFreeze
— Added memory error related APIs.
% FLEXCAN_GetMemoryErrorReportStatus
% FLEXCAN_GetMemoryErrorStatusFlags
% FLEXCAN_ClearMemoryErrorStatusFlags
* FLEXCAN_EnableMemoryErrorinterrupts
* FLEXCAN_DisableMemoryErrorInterrupts

* Bug Fixes
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— Fixed the issue of sent duff CAN frame after call FLEXCAN_FDInit() API.

[2.5.2]
* Bug Fixes
— Fixed the code error issue and simplified the algorithm in improved timing APIs.

* The bit field in CTRL1 register couldn’t calculate higher ideal SP, we set it as the
lowest one(75%)

- FLEXCAN_CalculateImprovedTimingValues
- FLEXCAN_FDCalculateImprovedTimingValues
- Fixed MISRA-C 2012 Rule 17.7 and 14.4.
* Improvements

— Pass EsrStatus to callback function when kStatus_FLEXCAN_ErrorStatus is comming.

[2.5.1]
* Bug Fixes
— Fixed the non-divisible case in improved timing APIs.
% FLEXCAN_CalculateImprovedTimingValues
* FLEXCAN_FDCalculateImprovedTimingValues

[2.5.0]
* Bug Fixes
— MISRA C-2012 issue check.

* Fixed rules, containing: rule-10.1, rule-10.3, rule-10.4, rule-10.7, rule-10.8, rule-
11.8, rule-12.2, rule-13.4, rule-14.4, rule-15.5, rule-15.6, rule-15.7, rule-16.4, rule-
17.3, rule-5.8, rule-8.3, rule-8.5.

— Fixed the issue that API FLEXCAN_SetFDRxMbConfig lacks inactive message buff.
— Fixed the issue of Pa082 warning.
— Fixed the issue of dead lock in the function of interruption handler.

— Fixed the issue of Legacy Rx Fifo EDMA transfer data fail in evkmimxrt1060 and evk-
mimxrt1064.

— Fixed the issue of setting CANFD Bit Rate Switch.
— Fixed the issue of operating unknown pointer risk.

% when used the pointer “handle->mbFrameBuf[mblIdx]” to update the timestamp
in a short-live TX frame, the frame pointer became as unknown, the action of op-
erating it would result in program stack destroyed.

— Added assert to check current CAN clock source affected by other clock gates in current
device.

* In some chips, CAN clock sources could be selected by CCM. But for some clock
sources affected by other clock gates, if user insisted on using that clock source,
they had to open these gates at the same time. However, they should take into
consideration the power consumption issue at system level. In RT10xx chips, CAN
clock source 2 was affected by the clock gate of lpuartl. ERRATA ID: (ERR050235
in CCM).
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* Improvements
— Implementation for new FLEXCAN with ECC feature able to exit Freeze mode.
— Optimized the function of interruption handler.
— Added two APIs for FLEXCAN EDMA driver.
% FLEXCAN_PrepareTransfConfiguration
% FLEXCAN_StartTransferDatafromRxFIFO
— Added new API for FLEXCAN driver.
% FLEXCAN_GetTimeStamp

- For TX non-blocking API, we wrote the frame into mailbox only, so no need to
register TX frame address to the pointer, and the timestamp could be updated
into the new global variable handle->timestamp[mbldx], the FLEXCAN driver
provided a new API for user to get it by handle and index number after TX
DONE Success.

* FLEXCAN_EnterFreezeMode
* FLEXCAN_ExitFreezeMode

— Added new configuration for user.
* disableSelfReception
* enableListenOnlyMode

Renamed the two clock source enum macros based on CLKSRC bit field value directly.

% The CLKSRC bit value had no property about Oscillator or Peripheral type in lots
of devices, it acted as two different clock input source only, but the legacy enum
macros name contained such property, that misled user to select incorrect CAN
clock source.

Created two new enum macros for the FLEXCAN driver.
# KFLEXCAN_CIkSrcO
# KFLEXCAN_ClkSrc1
Deprecated two legacy enum macros for the FLEXCAN driver.
* KFLEXCAN_ClkSrcOsc
* KFLEXCAN_ClkSrcPeri

Changed the process flow for Remote request frame response..
* Created a new enum macro for the FLEXCAN driver.
- kStatus_FLEXCAN_RxRemote
Changed the process flow for KFLEXCAN_StateRxRemote state in the interrupt handler.

* Should the TX frame not register to the pointer of frame handle, interrupt handler
would not be able to read the remote response frame from the mail box to ram,
so user should read the frame by manual from mail box after a complete remote
frame transfer.

[2.4.0]
* Bug Fixes
— MISRA C-2012 issue check.
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% Fixed rules, containing: rule-12.1, rule-17.7, rule-16.4, rule-11.9, rule-8.4, rule-14.4,
rule-10.8, rule-10.4, rule-10.3, rule-10.7, rule-10.1, rule-11.6, rule-13.5, rule-11.3,
rule-8.3, rule-12.2 and rule-16.1.

— Fixed the issue that CANFD transfer data fail when bus baudrate is 30Khz.
— Fixed the issue that ERR009595 does not folllow the ERRATA document.
— Fixed code error for ERR006032 work around solution.
— Fixed the Coverity issue of BAD_SHIFT in FLEXCAN.
— Fixed the Repo build warning issue for variable without initial.
* Improvements
— Fixed the run fail issue of FlexCAN RemoteRequest UT Case.
— Implementation all TX and RX transfering Timestamp used in FlexCAN demos.

— Fixed the issue of UT Test Fail for CANFD payload size changed from 64BperMB to
8PerMB.

— Implementation for improved timing API by baud rate.

[2.3.2]
* Improvements
— Implementation for ERR005959.
— Implementation for ERR005829.
— Implementation for ERR0O06032.

[2.3.1]
* Bug Fixes
— Added correct handle when kStatus_FLEXCAN_TxSwitchToRx is comming.
[2.3.0]

¢ Improvements

— Added self-wakeup support for STOP mode in the interrupt handling.

[2.2.3]
* Bug Fixes
— Fixed the issue of CANFD data phase’s bit rate not set as expected.
[2.2.2]

* Improvements

— Added a time stamp feature and enable it in the interrupt_transfer example.
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[2.2.1]
* Improvements
— Separated CANFD initialization APL

— In the interrupt handling, fix the issue that the user cannot use the normal CAN API
when with an FD.

[2.2.0]
e Improvements

— Added FSL_FEATURE_FLEXCAN_HAS_SUPPORT_ENGINE_CLK_SEL_REMOVE feature
to support SoCs without CAN Engine Clock selection in FlexCAN module.

— Added FlexCAN Serial Clock Operation to support i. MX SoCs.

[2.1.0]
* Bug Fixes
— Corrected the spelling error in the function name FLEXCAN_XXX().

— Moved Freeze Enable/Disable setting from FLEXCAN_Enter/ExitFreezeMode() to FLEX-
CAN_Init().

— Corrected wrong helper macro values.
* Improvements
— Hid FLEXCAN_Reset() from user.

— Used NDEBUG macro to wrap FLEXCAN_IsMbOccupied() function instead of DEBUG
macro.

[2.0.0]

« Initial version.

FLEXCAN_EDMA

[2.12.1]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 18.1.

[2.12.0]
* Improvements
— Support high resolution timestamp feature in enhanced Rx FIFO EDMA.

— Add feature macro for enhanced Rx FIFO because some FlexCAN instance do not have
this feature.

* Bug Fixes

— Fixed array out-of-bounds access when read enhanced Rx FIFO in EDMA.
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[2.11.7]
» Refer FLEXCAN driver change log 2.7.0 to 2.11.7

FLEXIO

[2.3.0]
* Improvements
— Supported platforms which don’t have DOZE mode control.

— Added more pin control functions.

[2.2.3]
* Improvements

— Adapter the FLEXIO driver to platforms which don’t have system level interrupt con-
troller, such as NVIC.

[2.2.2]
* Improvements

— Release peripheral from reset if necessary in init function.

[2.2.1]
* Improvements

— Added doxygen index parameter comment in FLEXIO_SetClockMode.

[2.2.0]
* New Features

— Added new APIs to support FlexIO pin register.

[2.1.0]
* Improvements
— Added API FLEXIO_SetClockMode to set flexio channel counter and source clock.

[2.0.4]
* Bug Fixes
— Fixed MISRA 8.4 issues.

[2.0.3]
* Bug Fixes
— Fixed MISRA 10.4 issues.
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[2.0.2]
* Improvements

— Split FLEXIO component which combines all flexio/flexio_uart/flexio_i2c/flexio_i2s
drivers into several components: FlexIO component, flexio_uart component,
flexio_i2c_master component, and flexio_i2s component.

* Bug Fixes
— Fixed MISRA issues
% Fixed rules 10.1, 10.3, 10.4, 10.7, 11.6, 11.9, 14.4, 17.7.

[2.0.1]
* Bug Fixes

— Fixed the dozen mode configuration error in FLEXIO_Init API. For enableInDoze = true,
the configuration should be 0; for enableInDoze = false, the configuration should be 1.

FLEXIO_I2C

[2.6.2]
* Improvements
— Added timeout for while loop in FLEXIO_I2C_MasterTransferBlocking().
* Bug Fixes
— Fixed build issues related to I2C_RETRY_TIMES.

[2.6.1]
* Bug Fixes
— Fixed coverity issues
[2.6.0]

* Improvements

— Supported platforms which don’t have DOZE mode control.

[2.5.1]
* Improvements

— Conditionally compile interrupt handling code to solve the problem of using this driver
on CPU cores that do not support interrupts.

[2.5.0]
* Improvements

— Split some functions, fixed CCM problem in file fsl_flexio_i2c_master.c.
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[2.4.0]
* Improvements

— Added delay of 1 clock cycle in FLEXIO_I2C_MasterTransferRunStateMachine to ensure
that bus would be idle before next transfer if master is nacked.

— Fixed issue that the restart setup time is less than the time in I12C spec by adding delay
of 1 clock cycle before restart signal.

[2.3.0]
* Improvements

— Used 3 timers instead of 2 to support transfer which is more than 14 bytes in single
transfer.

— Improved FLEXIO_I2C_MasterTransferGetCount so that the API can check whether the
transfer is still in progress.

* Bug Fixes
— Fixed MISRA 10.4 issues.

[2.2.0]

* New Features
— Added timeout mechanism when waiting certain state in transfer API.
— Added an API for checking bus pin status.

* Bug Fixes
— Fixed COVERITY issue of useless call in FLEXIO_I2C_MasterTransferRunStateMachine.
— Fixed MISRA issues

# Fixed rules 10.1, 10.3, 10.4, 10.7, 11.6, 11.9, 14.4, 17.7.

— Added codes in FLEXIO_I2C_MasterTransferCreateHandle to clear pending NVIC IRQ,
disable internal IRQs before enabling NVIC IRQ.

— Modified code so that during master’s nonblocking transfer the start and slave address
are sent after interrupts being enabled, in order to avoid potential issue of sending the
start and slave address twice.

[2.1.7]
* Bug Fixes
— Fixed the issue that FLEXIO_I2C_MasterTransferBlocking did not wait for STOP bit sent.
— Fixed COVERITY issue of useless call in FLEXIO_I2C_MasterTransferRunStateMachine.

— Fixed the issue that I2C master did not check whether bus was busy before transfer.

[2.1.6]
* Bug Fixes

— Fixed the issue that 12C Master transfer APIs(blocking/non-blocking) did not support
the situation of master transfer with subaddress and transfer data size being zero,
which means no data followed the subaddress.
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[2.1.5]
* Improvements

— Unified component full name to FLEXIO I2C Driver.

[2.1.4]
* Bug Fixes
— The following modifications support FlexIO using multiple instances:
* Removed FLEXIO_Reset API in module Init APIs.
* Updated module Deinit APIs to reset the shifter/timer config instead of disabling
module/clock.
* Updated module Enable APIs to only support enable operation.
[2.1.3]

* Improvements

— Changed the prototype of FLEXIO_I2C_Masterlnit to return kStatus_Success if
initialized successfully or to return kStatus_InvalidArgument if “(srcClock_Hz /
masterConfig->baudRate_Bps) / 2 - 1” exceeds OXFFU.

[2.1.2]
* Bug Fixes

— Fixed the FLEXIO I2C issue where the master could not receive data from I2C slave in
high baudrate.

— Fixed the FLEXIO I2C issue where the master could not receive NAK when master sent
non-existent addr.

— Fixed the FLEXIO I2C issue where the master could not get transfer count successfully.

— Fixed the FLEXIO I2C issue where the master could not receive data successfully when
sending data first.

— Fixed the Dozen mode configuration error in FLEXIO_I2C_MasterInit API. For en-
ableInDoze = true, the configuration should be 0; for enableInDoze = false, the con-
figuration should be 1.

- Fixed the issue that FLEXIO_I2C_MasterTransferBlocking API
called FLEXIO_I2C_MasterTransferCreateHandle, which lead to the
s_flexioHandle/s_flexiolsr/s_flexioType variable being written. Then,
if calling FLEXIO_I2C _MasterTransferBlocking API multiple times, the
s_flexioHandle/s_flexiolsr/s_flexioType variable would not be written any more
due to it being out of range. This lead to the following situation: NonBlocking transfer
APIs could not work due to the fail of register IRQ.

[2.1.1]
* Bug Fixes

— Implemented the FLEXIO_I2C_MasterTransferBlocking API which is defined in header
file but has no implementation in the C file.
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[2.1.0]
* New Features
— Added Transfer prefix in transactional APIs.

— Added transferSize in handle structure to record the transfer size.

FLEXIO_I2S

[2.2.2]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 12.4.

[2.2.1]
* Improvements

— Conditionally compile interrupt handling code to solve the problem of using this driver
on CPU cores that do not support interrupts.

[2.2.0]
* New Features
— Added timeout mechanism when waiting certain state in transfer API.
* Bug Fixes
— Fixed IAR Pa082 warnings.

- Fixed violations of the MISRA C-2012 rules 10.4, 14.4, 11.8, 11.9, 10.1, 17.7, 11.6, 10.3,
10.7.

[2.1.6]
* Bug Fixes

— Added reset flexio before flexio i2s init to make sure flexio status is normal.

[2.1.5]
* Bug Fixes

— Fixed the issue that I2S driver used hard code for bitwidth setting.

[2.1.4]
* Improvements
— Unified component’s full name to FLEXIO 12S (DMA/EDMA) driver.
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[2.1.3]
* Bug Fixes
— The following modifications support FLEXIO using multiple instances:
* Removed FLEXIO_Reset API in module Init APIs.
* Updated module Deinit APIs to reset the shifter/timer config instead of disabling
module/clock.
* Updated module Enable APIs to only support enable operation.
[2.1.2]

* New Features
— Added configure items for all pin polarity and data valid polarity.
— Added default configure for pin polarity and data valid polarity.

[2.1.1]
* Bug Fixes
— Fixed FlexIO I2S RX data read error and eDMA address error.
— Fixed FlexIO I2S slave timer compare setting error.
[2.1.0]

* New Features
— Added Transfer prefix in transactional APIs.

— Added transferSize in handle structure to record the transfer size.

FLEXIO_I2S_EDMA

[2.1.9]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 12.4.
[2.1.8]

* Improvements
— Applied EDMA ERRATA 51327.

FLEXIO_SPI

[2.4.3]
* Improvements
- Make SPI_RETRY_TIMES configurable by CONFIG_SPI_RETRY_TIMES.

1.5. ChangeLog 83



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

[2.4.2]
* Bug Fixes

— Fixed FLEXIO_ SPI_ MasterTransferBlocking and FLEXIO_ SPI_MasterTransferNonBlocking
issue in CS continuous mode, the CS might not be continuous.

[2.4.1]
* Bug Fixes

— Fixed coverity issues

[2.4.0]
* Improvements

— Supported platforms which don’t have DOZE mode control.

[2.3.5]
* Improvements

— Conditionally compile interrupt handling code to solve the problem of using this driver
on CPU cores that do not support interrupts.

[2.3.4]
* Bug Fixes

— Fixed the txData from void * to const void * in transmit API

[2.3.3]
* Bugfixes

— Fixed cs-continuous mode.

[2.3.2]
* Improvements
— Changed FLEXIO_SPI_DUMMYDATA to 0x00.

[2.3.1]
* Bugfixes
— Fixed IRQ SHIFTBUF overrun issue when one FLEXIO instance used as multiple SPIs.
[2.3.0]

* New Features
— Supported FLEXIO_SPI slave transfer with continuous master CS signal and CPHA=0.
— Supported FLEXIO_SPI master transfer with continuous CS signal.
— Support 32 bit transfer width.

* Bug Fixes
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— Fixed wrong timer compare configuration for dma/edma transfer.

— Fixed wrong byte order of rx data if transfer width is 16 bit, since the we use shifter
buffer bit swapped/byte swapped register to read in received data, so the high byte
should be read from the high bits of the register when MSB.

[2.2.1]
* Bug Fixes
— Fixed bug in FLEXIO_SPI_MasterTransferAbortEDMA that when aborting EDMA trans-
fer EDMA_AbortTransfer should be used rather than EDMA_StopTransfer.
[2.2.0]

* Improvements

— Added timeout mechanism when waiting certain states in transfer driver.

* Bug Fixes
— Fixed MISRA 10.4 issues.
— Added codes in FLEXIO_SPI MasterTransferCreateHandle and

FLEXIO_SPI_SlaveTransferCreateHandle to clear pending NVIC IRQ before enabling
NVIC IRQ, to fix issue of pending IRQ interfering the on-going process.

[2.1.3]
* Improvements
— Unified component full name to FLEXIO SPI(DMA/EDMA) Driver.
* Bug Fixes
— Fixed MISRA issues
* Fixed rules 10.1, 10.3, 10.4, 10.7, 11.6, 11.9, 14.4, 17.7.

[2.1.2]
* Bug Fixes
— The following modification support FlexIO using multiple instances:
* Removed FLEXIO_Reset API in module Init APIs.
* Updated module Deinit APIs to reset the shifter/timer config instead of disabling
module/clock.
% Updated module Enable APIs to only support enable operation.
[2.1.1]
* Bug Fixes

— Fixed bug where FLEXIO SPI transfer data is in 16 bit per frame mode with eDMA.

— Fixed bug when FLEXIO SPI works in eDMA and interrupt mode with 16-bit per frame
and Lsbfirst.

— Fixed the Dozen mode configuration error in FLEXIO_SPI_MasterInit/FLEXIO_SPI_Slavelnit
API. For enableInDoze = true, the configuration should be 0; for enableInDoze = false,
the configuration should be 1.
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* Improvements

— Added #ifndef/#endif to allow users to change the default TX value at compile time.

[2.1.0]
* New Features
— Added Transfer prefix in transactional APIs.
— Added transferSize in handle structure to record the transfer size.
* Bug Fixes

— Fixed the error register address return for 16-bit data write in
FLEXIO_SPI_GetTxDataRegisterAddress.

— Provided independent IRQHandler/transfer APIs for Master and slave to fix the bau-
drate limit issue.

FLEXIO_UART

[2.6.4]
* Improvements
— Make UART_RETRY_TIMES configurable by CONFIG_UART RETRY_TIMES.

[2.6.3]
* Bug Fixes

— Fixed coverity issues

[2.6.2]
* Bug Fixes

— Fixed coverity issues

[2.6.1]
* Improvements

— Improve baudrate calculation method, to support higher frequency FlexIO clock
source.

[2.6.0]
* Improvements

— Supported platforms which don’t have DOZE mode control.

[2.5.1]
* Improvements

— Conditionally compile interrupt handling code to solve the problem of using this driver
on CPU cores that do not support interrupts.
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[2.5.0]
* Improvements
— Added API FLEXIO_UART FlushShifters to flush UART fifo.

[2.4.0]
* Improvements
— Use separate data for TX and RX in flexio_uart_transfer_t.
* Bug Fixes

— Fixed bug that when ring buffer is used, if some data is received in ring buffer first be-
fore calling FLEXIO_UART TransferReceiveNonBlocking, the received data count re-
turned by FLEXIO_UART_TransferGetReceiveCount is wrong.

[2.3.0]
* Improvements

— Added check for baud rate’s accuracy that returns kSta-
tus_FLEXIO_UART BaudrateNotSupport when the best achieved baud rate is not
within 3% error of configured baud rate.

* Bug Fixes

— Added codes in FLEXIO_UART_TransferCreateHandle to clear pending NVIC IRQ before
enabling NVIC IRQ, to fix issue of pending IRQ interfering the on-going process.

[2.2.0]
* Improvements
— Added timeout mechanism when waiting for certain states in transfer driver.
* Bug Fixes
— Fixed MISRA 10.4 issues.

[2.1.6]
* Bug Fixes
— Fixed IAR Pa082 warnings.
— Fixed MISRA issues
* Fixed rules 10.1, 10.3, 10.4, 10.7, 11.6, 11.9, 14.4, 17.7.

[2.1.5]
* Improvements

— Triggered user callback after all the data in ringbuffer were received in
FLEXIO_UART TransferReceiveNonBlocking.

[2.1.4]
* Improvements
— Unified component full name to FLEXIO UART(DMA/EDMA) Driver.
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[2.1.3]
* Bug Fixes
— The following modifications support FLEXIO using multiple instances:
* Removed FLEXIO_Reset API in module Init APIs.
* Updated module Deinit APIs to reset the shifter/timer configuration instead of dis-
abling module and clock.
* Updated module Enable APIs to only support enable operation.
[2.1.2]
* Bug Fixes

— Fixed the transfer count calculation issue in FLEXIO_UART_TransferGetReceiveCount,
FLEXIO_UART _TransferGetSendCount, FLEXIO_UART_TransferGetReceiveCountDMA,
FLEXIO UART TransferGetSendCountDMA, FLEXIO_UART TransferGetReceiveCountEDMA
and FLEXIO_UART TransferGetSendCountEDMA.

— Fixed the Dozen mode configuration error in FLEXIO_UART_Init API. For enableInDoze
=true, the configuration should be 0; for enableInDoze = false, the configuration should
be 1.

— Added code to report errors if the user sets a too-low-baudrate which FLEXIO cannot
reach.

— Disabled FLEXIO_UART receive interrupt instead of all NVICs when reading data from
ring buffer. If ring buffer is used, receive nonblocking will disable all NVIC interrupts
to protect the ring buffer. This had negative effects on other IPs using interrupt.

[2.1.1]
* Bug Fixes

— Changed the API name FLEXIO_UART _StopRingBuffer to
FLEXIO_UART _TransferStopRingBuffer to align with the definition in C file.

[2.1.0]

* New Features

— Added Transfer prefix in transactional APIs.

— Added txSize/rxSize in handle structure to record the transfer size.
* Bug Fixes

— Added an error handle to handle the situation that data count is zero or data buffer is
NULL.

FLEXIO_UART_EDMA

[2.3.1]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules.
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[2.3.0]
» Refer FLEXIO_UART driver change log to 2.3.0

FLEXSPI

[2.8.1]
* Improvements

— Updated the LUT configuration parameter checking with flexible way to adapt differ-
ent Socs.

[2.8.0]
* Bug Fixes

— Introduced the disableAhbReadResume field in the flexspi_config_t structure to pro-
vide control over the AHBCR[RESUMEDISABLE] register bit.

— Implemented a workaround for hardware erratum ERR052733 by setting the default
value of disableAhbReadResume to true.

— Fixed issue in FLEXSPI TransferHandleIRQ where the transfer completion was incor-
rectly signaled despite pending read/write operations.

* New Features

— Introduced a new function(FLEXSPI_ UpdateAhbBuffersSettings) that allows users to
update the AHB buffer configuration after the FLEXSPI module has been initialized

[2.7.0]
* New Features

— Added new API to support address remapping.

[2.6.4]
* Improvements

— Added new macro “FSL_SDK_ENABLE_FLEXSPI_RESET_CONTROL” to support driver
level reset control.

[2.6.3]
* Bug Fixes
— Fixed an issue which cause IPCR1[IPAREN] cleared by mistake.

[2.6.2]
* Bug Fixes

— Wait Bus IDLE before operation of FLEXSPI_SoftwareReset(),
FLEXSPI_TransferBlocking() and FLEXSPI_TransferNonBlocking().
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[2.6.1]
* Bug Fixes
— Updated code of reset peripheral.
- Upc.lated FLEXSPI_UpdateLUT() to check if input lut address is not in Flexspi AMBA
region.
— Updated FLEXSPI_Init() to check if input AHB buffer size exceeded maximum AHB size.
[2.6.0]

* New Features
— Added new API to set AHB memory-mapped flash base address.

— Added support of DLLXCR[REFPHASEGAP] bit field, it is recommended to set it as 0x2
if DLL calibration is enabled.

[2.5.1]
* Bugfixes
— Fixed handling of W1C bits in the INTR register
— Removed FIFO resets from FLEXSPI_CheckAndClearError
— FLEXSPI_TransferBlocking is observing IPCMDDONE and then fetches the final status
of the transfer

- Fixed issue that FLEXSPI2_DriverIRQHandler not defined.

[2.5.0]

* Improvements
— Supported word un-aligned access for write/read blocking/non-blocking API functions.
— Fixed dead loop issue in DLL update function when using FRO clock source.
— Fixed violations of the MISRA C-2012 Rule 10.3.

[2.4.0]
* Improvements

— Isolated IP command parallel mode and AHB command parallel mode using feature
MACRO.

— Supported new column address shift feature for external memory.

[2.3.5]
* Bug Fixes
— Fixed violations of the MISRA C-2012 Rule 14.2.

[2.3.4]
* Bug Fixes

— Updated flexspi_config t structure and FlexSPI_Init to support new feature
FSL_FEATURE_FLEXSPI_HAS_NO_MCRO_CONBINATION.
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[2.3.3]
* Bug Fixes
— Removed feature FSL_FEATURE_FLEXSPI_DQS_DELAY PS for DLL delay setting.
Changed to use feature FSL_FEATURE_FLEXSPI_DQS_DELAY_MIN to set slave delay tar-
get as 0 for DLL enable and clock frequency higher than 100MHz.
[2.3.2]
* Bug Fixes
- Fixed violations of the MISRA C-2012 Rule 8.4, 8.5, 10.1, 10.3, 10.4, 11.6 and 14.4.
[2.3.1]
* Bug Fixes
— Wait for bus to be idle before using it as access to external flash with new setting in
FLEXSPI_SetFlashConfig() API.
- Fixed the potential buffer overread and Tx FIFO overwrite issue in
FLEXSPI_WriteBlocking.
[2.3.0]

* New Features

— Added new API FLEXSPI_UpdateDIllValue for users to update DLL value after updating
flexspi root clock.

— Corrected grammatical issues for comments.
— Added support for new feature FSL._FEATURE_FLEXSPI_DQS_DELAY_PS in DLL config-

uration.
[2.2.2]
* Bug Fixes
— Fixed violations of the MISRA C-2012 Rule 10.1, 10.3 and 10.4.
— Updated _flexspi_command from named enumerator into anonymous enumerator.
[2.2.1]
* Bug Fixes
- Fixed violations of the MISRA C-2012 Rule 10.1, 10.3, 10.4, 10.8, 11.9, 14.4, 15.7, 16.4,
17.7,7.3.

— Fixed IAR build warning Pe167.

— Fixed the potential buffer overwrite and Rx FIFO overread issue in
FLEXSPI_ReadBlocking.
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[2.2.0]
* Bug Fixes

— Fixed flag name typos: KFLEXSPI_IpTxFifoWatermarkEmpltyFlag to
KFLEXSPI_IpTxFifoWatermarkEmptyFlag; KFLEXSPI IpCommandExcutionDoneFlag
to KFLEXSPI_IpCommandExecutionDoneFlag.

— Fixed comments typos such as sequencen->sequence, levle->level.

— Fixed FLSHCR2[ARDSEQID] field clean issue.

— Updated flexspi_config t structure and FlexSPI_Init to support
new feature FSL_FEATURE_FLEXSPI_HAS_NO_MCRO_ATDFEN and
FSL_FEATURE_FLEXSPI_HAS_NO_MCRO_ARDFEN.

— Updated flexspi_flags_t structure to support new feature
FSL_FEATURE_FLEXSPI_HAS_INTEN_AHBBUSERROREN.

[2.1.1]

* Improvements

— Defaulted enable prefetch for AHB RX buffer configuration in
FLEXSPI_GetDefaultConfig, which is align with the reset value in AHBRXBUFxCRO.

— Added software workaround for ERR011377 in FLEXSPI_SetFlashConfig; added some
delay after DLL lock status set to ensure correct data read/write.

[2.1.0]
* New Features

— Added new API FLEXSPI_UpdateRxSampleClock for users to update read sample clock
source after initialization.

— Added reset peripheral operation in FLEXSPI_Init if required.

[2.0.5]
* Bug Fixes

— Fixed FLEXSPI_UpdateLUT cannot do partial update issue.

[2.0.4]
* Bug Fixes

— Reset flash size to zero for all ports in FLEXSPI_Init; fixed the possible out-of-range
flash access with no error reported.

[2.0.3]
* Bug Fixes

— Fixed AHB receive buffer size configuration  issue. The
FLEXSPI_AHBRXBUFCRO_BUFSZ field should configure 64 bits size, and currently
the AHB receive buffer size is in bytes which means 8-bit, so the correct configuration
should be config->ahbConfig.buffer[i].bufferSize / 8.
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[2.0.2]
* New Features
— Supported DQS write mask enable/disable feature during set FLEXSPI configuration.

— Provided new API FLEXSPI_TransferUpdateSizeEDMA for users to update eDMA trans-
fer size(SSIZE/DSIZE) per DMA transfer.

* Bug Fixes
— Fixed invalid operation of FLEXSPI_Init to enable AHB bus Read Access to IP RX FIFO.
— Fixed incorrect operation of FLEXSPI_Init to configure IP TX FIFO watermark.

[2.0.1]
* Bug Fixes

— Fixed the flag clear issue and AHB read Command index configuration issue in
FLEXSPI_SetFlashConfig.

— Updated FLEXSPI_UpdateLUT function to update LUT table from any index instead of
previous command index.

— Added bus idle wait in FLEXSPI_SetFlashConfig and FLEXSPI_UpdateLUT to ensure bus
is idle before any change to FlexSPI controller.

— Updated interrupt API FLEXSPI TransferNonBlocking and interrupt handle flow
FLEXSPI_TransferHandleIRQ.

— Updated eDMA API FLEXSPI_TransferEDMA.

[2.0.0]

« Initial version.

FLEXSPI EDMA Driver

[2.3.3]
* Bug Fixes

— Fixed FLEXSPI_TransferEDMA bug that, the DMA channel not configured correctly
when using KFLEXSPI_Read.

[2.3.2]
* Bug Fixes
— Fixed the bug that internal variable s_edmaPrivateHandle overflows when using
FlexSPI2.
[2.0.2]

* New Features

— Provided new API FLEXSPI_TransferUpdateSizeEDMA for users to update eDMA trans-
fer size(SSIZE/DSIZE) per DMA transfer.
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[2.0.0]

 Initial version.

I3C

[2.14.3]
* Improvements
— Fixed Coverity CERT-C violations.
— Used I3C_RSTS instead of I3C special feature macro.
— Adapted the driver to support new platform.

[2.14.2]
* Improvements
— Added timeout for ENTDAA process API.

— Added build system macro to control the timeout setting.

[2.14.1]
* Improvements

— Split the function I3C_MasterTransferBlocking to meet the HIS-CCM requirement.

[2.14.0]
* Improvements

— Added the choice to set fast start header with push-pull speed when all targets ad-
dresses have MSB 0 instead of forcing to set it.

— Deleted duplicated busy check in I3C_MasterStart function.

[2.13.1]
* Bug Fixes

— Disabled Rx auto-termination in repeated start interrupt event while transfer API
doesn’t enable it.

— Waited the completion event after loading all Tx data in Tx FIFO.
* Improvements

— Conditionally compile interrupt handling code to solve the problem of using this driver
on CPU cores that do not support interrupts.
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[2.13.0]

* New features
— Added the hot-join support for I13C bus initialization API.

* Bug Fixes
— Setread termination with START at the same time in case unknown issue.
— Set MCTRL[TYPE] as 0 for DDR force exit.

* Improvements
— Added the API to reset device count assigned by ENTDAA.

— Provided the method to set global macro I3C_MAX_DEVCNT to determine how many
device addresses ENTDAA can allocate at one time.

— Initialized target management static array based on instance number for the case that
multiple instances are used at the same time.

[2.12.0]
* Improvements

— Added the slow clock parameter for Controller initialization function to calculate ac-
curate timeout.

* Bug Fixes

— Fixed the issue that BAMATCH field can’t be 0. BAMATCH should be 1 for 1IMHz slow
clock.

[2.11.1]
* Bug Fixes

— Fixed the issue that interrupt API transmits extra byte when subaddress and data size
are null.

— Fixed the slow clock calculation issue.

[2.11.0]
* New features
— Added the START/ReSTART SCL delay setting for the Soc which supports this feature.
* Bug Fixes

— Fixed the issue that ENTDAA process waits Rx pending flag which causes problem
when Rx watermark isn’t 0. Just check the Rx FIFO count.

[2.10.8]
* Improvements

- Support more instances.

[2.10.7]
* Improvements

— Fixed the potential compile warning.
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[2.10.6]
* New features

— Added the I3C private read/write with 0x7E address as start.

[2.10.5]
* New features
— Added I3C HDR-DDR transfer support.

[2.10.4]
* Improvements

— Added one more option for master to not set RDTERM when doing I3C Common Com-
mand Code transfer.

[2.10.3]
* Improvements

— Masked the slave IBI/MR/HJ request functions with feature macro.

[2.10.2]
* Bug Fixes
— Added workaround for errata ERR051617: 13C working with I2C mode creates the un-
intended Repeated START before actual STOP on some platforms.
[2.10.1]
* Bug Fixes
— Fixed the issue that DAA function doesn’t wait until all Rx data is read out from FIFO
after master control done flag is set.
— Fixed the issue that DAA function could return directly although the disabled inter-
rupts are not enabled back.
[2.10.0]

* New features
— Added I3C extended IBI data support.

[2.9.0]
* Improvements

— Added adaptive termination for master blocking transfer. Set termination with start
signal when receiving bytes less than 256.

[2.8.2]
* Improvements

— Fixed the build warning due to armgcc strict check.
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[2.8.1]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 17.7.
[2.8.0]

* Improvements

— Added API I3C_MasterProcessDAASpecifiedBaudrate for temporary baud rate adjust-
ment when I3C master assigns dynamic address.

[2.7.1]
* Bug Fixes
— Fixed the issue that I3C slave handle STOP event before finishing data transmission.
[2.7.0]

* Fixed the CCM problem in file fsl_i3c.c.

» Fixed the FSL_FEATURE_I3C_HAS_NO_SCONFIG_IDRAND usage issue in
I3C_GetDefaultConfig and I3C_Init.

[2.6.0]
* Fixed the FSL_FEATURE_I3C_HAS_NO_SCONFIG_IDRAND usage issue in fsl_i3c.h.

» Changed some static functions in fsl_i3c.c as non-static and define the functions in fsl_i3c.h
to make I3C DMA driver reuse:

— I3C_GetIBIType
— I3C_GetIBIAddress
— I3C_SlaveCheckAndClearError

* Changed the handle pointer parameter in IRQ related funtions to void * type to make it
reuse in I3C DMA driver.

* Added new API I3C_SlaveRequestIBIWithSingleData for slave to request single data byte,
this API could be used regardless slave is working in non-blocking interrupt or non-blocking
dma.

* Added new API I3C_MasterGetDeviceListAfterDAA for master application to get the device
information list built up in DAA process.

[2.5.4]

* Improved I3C driver to avoid setting state twice in the SendCommandState of
I3C_RunTransferStateMachine.

 Fixed MISRA violation of rule 20.9.
* Fixed the issue that I3C_MasterEmitRequest did not use Type I3C SDR.

[2.5.3]

* Updated driver for new feature FSL_FEATURE_I3C_HAS_NO_SCONFIG_BAMATCH and
FSL_FEATURE_I3C_HAS NO_SCONFIG_IDRAND.
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[2.5.2]
» Updated driver for new feature FSL._FEATURE_I3C_HAS_NO_MERRWARN_TERM.

 Fixed the issue that call to I3C_MasterTransferBlocking API did not generate STOP signal
when NAK status was returned.

[2.5.1]

* Improved the receive terminate size setting for interrupt transfer read, now it’s set at be-
ginning of transfer if the receive size is less than 256 bytes.

[2.5.0]

* Added new API I3C_MasterRepeatedStartWithRxSize to send repeated start signal with re-
ceive terminate size specified.

 Fixed the status used in I3C_RunTransferStateMachine, changed to use pending interrupts
as status to be handled in the state machine.

» Fixed MISRA 2012 violation of rule 10.3, 10.7.

[2.4.0]
* Bug Fixes
— Fixed KkI3C_SlaveMatchedFlag interrupt is not properly handled in
I3C_SlaveTransferHandleIRQ when it comes together with interrupt
KkI3C_SlaveBusStartFlag.
— Fixed the inaccurate I12C baudrate calculation in I3C_MasterSetBaudRate.
— Added new API I3C_MasterGetIBIRules to get registered IBI rules.
— Added new variable isReadTerm in struct _i3c_master_handle for transfer state routine
to check if MCTRL.RDTERM is configured for read transfer.
— Changed to emit Auto IBI in transfer state routine for slave start flag assertion.
— Fixed the slave maxWriteLength and maxReadLength does not be configured into
SMAXLIMITS register issue.
— Fixed incorrect state for IBI in I3C master interrupt transfer IRQ handle routine.
— Added isHotJoin in i3c_slave_config_t to request hot-join event during slave init.
[2.3.2]
* Bug Fixes
- Fixed violations of the MISRA C-2012 rules 8.4, 17.7.
— Fixed incorrect HotJoin event index in I3C_GetIBIType.
[2.3.1]
* Bug Fixes

— Fixed theissue that call of I3C_MasterTransferBlocking/I3C_MasterTransferNonBlocking
fails for the case which receive length 1 byte of data.

— Fixed the issue that STOP signal is not sent when NAK status is detected during execu-
tion of I3C_MasterTransferBlocking function.
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[2.3.0]
* Improvements

— Added I3C common driver APIs to initialize I3C with both master and slave configura-
tion.

— Updated I3C master transfer callback to function set structure to include callback in-
voke for IBI event and slave2master event.

— Updated I3C master non-blocking transfer model and always enable the interrupts to
be able to re-act to the slave start event and handle slave IBL

[2.2.0]
* Bug Fixes
— Fixed the issue that I3C transfer size limit to 255 bytes.
[2.1.2]
* Bug Fixes
— Reset default hkeep value to kI3C_MasterHighKeeperNone in
I3C_MasterGetDefaultConfig
[2.1.1]
* Bug Fixes
- Fixed incorrect FIFO reset operation in I3C Master Transfer APIs.
— Fixed i3c slave IRQ handler issue, slave transmit could be underrun because tx FIFO is
not filled in time right after start flag detected.
[2.1.0]

* Added definitions and APIs for I3C slave functionality, updated previous I3C APIs to support
I3C functionality.

[2.0.0]

« Initial version.

I3C_EDMA

[2.2.12]
* Bug Fixes

- Fixed the issue that EDMA transfer configuration use wrong parameter.

[2.2.11]
* Improvements

— Fixed Coverity CERT-C violations.
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[2.2.10]
* Bug Fixes
— Fixed the issue that slave start event is cleared when it has not been handled.
» Added
— Supported I3C HDR-DDR transfer with EDMA.
* Changed

— Used linked EDMA to transfer all I3C subaddress and data without handling of inter-
mediate states, simplifying code logic.

— Prepare DMA before I3C START to ensure there’s no time delay between START and
transmitting data.

— Added the MCTRLDONE flag check after START and STOP request to ensure all states

are handled properly.
[2.2.9]
* Bug Fixes
— Fixed MISRA issue rule 11.3.
— Added the master control done flag waiting code after STOP in case the bus is not idle
when transfer function finishes.
[2.2.8]

* Improvements

— Removed I3C IRQ handler calling in the EDMA callback. Previously driver doesn’t use
the END byte which can trigger the STOP interrupt for controller sending and receiving,
now let I3C event handler deal with all I3C events.

* Bug Fixes

— Fixed the bug that the END type Tx register is not used when command length or data
length is one byte.

[2.2.7]
* Bug Fixes
— Fixed MISRA issue rule 11.6.

[2.2.6]
* New features
— Added the I3C private read/write with 0x7E address as start.

[2.2.5]
* Improvements
— Added the workaround for RT1180 I3C EDMA issue ERR052086.
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[2.2.4]
* Bug Fixes

— Fixed the issue that I3C master sends the last byte data without using the END type
register.

[2.2.3]
* Bug Fixes

— Fixed issue that slave polulates the last byte when Tx FIFO may be full.

[2.2.2]
* Bug Fixes
— Fixed I3C MISRA issue rule 10.4, 11.3.

[2.2.1]
* Bug Fixes

— Fixed the issue that I3C slave send the last byte data without using the END type regis-
ter.

* Improvements

— There’s no need to reserve two bytes FIFO for DMA transfer which is for IP issue
workaround.

[2.2.0]
* Improvements

— Deleted legacy IBI data request code.

[2.1.0]
* Bug Fixes
— Fixed MISRA issue rule 8.4, 8.6, 11.8.

[2.0.1]
* Bug Fixes
— Fixed MISRA issue rule 9.1.

[2.0.0]

 Initial version.
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LPI2C

[2.6.2]
* Improvements

— Added timeout for while loop in LPI2C_TransferStateMachineSendCommandJ().

[2.6.1]
* Bug Fixes
— Fixed coverity issues.
[2.6.0]

* New Feature
— Added common IRQ handler entry LPI2C_DriverIRQHandler.

[2.5.7]
* Improvements

— Added support for separated IRQ handlers.

[2.5.6]
* Improvements

— Conditionally compile interrupt handling code to solve the problem of using this driver
on CPU cores that do not support interrupts.

[2.5.5]
* Bug Fixes
— Fixed LPI2C_Slavelnit() - allow to disable SDA/SCL glitch filter.

[2.5.4]
* Bug Fixes

— Fixed LPI2C_MasterTransferBlocking() - the return value was sometime affected by call
of LPI2C_MasterStop().

[2.5.3]
* Improvements
— Added handler for LPI2C7 and LPI2CS.

[2.5.2]
* Bug Fixes

- Fixed ERR0O51119 to ignore the nak flag when IGNACK=1 in
LPI2C_MasterCheckAndClearError.
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[2.5.1]
* Bug Fixes
— Added bus stop incase of bus stall in LPI2C_MasterTransferBlocking.
* Improvements

— Release peripheral from reset if necessary in init function.

[2.5.0]
¢ New Features
— Added new function LPI2C_SlaveEnableAckStall to enable or disable ACKSTALL.

[2.4.1]
* Improvements

— Before master transfer with transactional APIs, enable master function while disable
slave function and vise versa for slave transfer to avoid the one affecting the other.

[2.4.0]
* Improvements
— Split some functions, fixed CCM problem in file fsl_lpi2c.c.
* Bug Fixes

— Fixed bug in LPI2C_MasterInit that the MCFGR2’s value set in
LPI2C_MasterSetBaudRate may be overwritten by mistake.

[2.3.2]
* Improvements
— Initialized the EDMA configuration structure in the LPI2C EDMA driver.

[2.3.1]
* Improvements

— Updated LPI2C_GetCyclesForWidth to add the parameter of minimum cycle, because
for master SDA/SCL filter, master bus idle/pin low timeout and slave SDA/SCL filter
configuration, 0 means disabling the feature and cannot be used.

* Bug Fixes

— Fixed bug in LPI2C_SlaveTransferHandleIRQ that when restart detect event happens
the transfer structure should not be cleared.

- Fixed bug in LPI2C_RunTransferStateMachine, that when only slave address is trans-
ferred or there is still data remaining in tx FIFO the last byte’s nack cannot be ignored.

— Fixed bug in slave filter doze enable, that when FILTDZ is set it means disable rather
than enable.

— Fixed bug in the usage of LPI2C_GetCyclesForWidth. First its return value cannot be
used directly to configure the slave FILTSDA, FILTSCL, DATAVD or CLKHOLD, because
the real cycle width for them should be FILTSDA+3, FILTSCL+3, FILTSCL+DATAVD+3
and CLKHOLD+3. Second when cycle period is not affected by the prescaler value,
prescaler value should be passed as 0 rather than 1.
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— Fixed wrong default setting for LPI2C slave. If enabling the slave tx SCL stall, then
the default clock hold time should be set to 250ns according to 12C spec for 100kHz
standard mode baudrate.

— Fixed bug that before pushing command to the tx FIFO the FIFO occupation should be
checked first in case FIFO overflow.

[2.3.0]
* New Features
— Supported reading more than 256 bytes of data in one transfer as master.
— Added API LPI2C_GetInstance.
* Bug Fixes

— Fixed bug in LPI2C_MasterTransferAbortEDMA, LPI2C_MasterTransferAbort and
LPI2C_MasterTransferHandleIRQ that before sending stop signal whether master is
active and whether stop signal has been sent should be checked, to make sure no FIFO
error or bus error will be caused.

— Fixed bug in LPI2C master EDMA transactional layer that the bus error cannot be
caught and returned by user callback, by monitoring bus error events in interrupt
handler.

— Fixed bug in LPI2C_GetCyclesForWidth that the parameter used to calculate clock cycle
should be 2Aprescaler rather than prescaler.

— Fixed bug in LPI2C_MasterInit that timeout value should be configured after baudrate,
since the timeout calculation needs prescaler as parameter which is changed during
baudrate configuration.

— Fixed bug in LPI2C_MasterTransferHandleIRQ and LPI2C_RunTransferStateMachine
that when master writes with no stop signal, need to first make sure no data remains
in the tx FIFO before finishes the transfer.

[2.2.0]
* Bug Fixes
— Fixed issue that the SCL high time, start hold time and stop setup time do not meet 12C
specification, by changing the configuration of data valid delay, setup hold delay, clock
high and low parameters.
— MISRA C-2012 issue fixed.
* Fixed rule 8.4, 13.5, 17.7, 20.8.
[2.1.12]
* Bug Fixes
— Fixed MISRA advisory 15.5 issues.
[2.1.11]
* Bug Fixes

— Fixed the bug that, during master non-blocking transfer, after the last byte is
sent/received, the KLPI2C_MasterNackDetectFlag is expected, so master should not
check and clear KLPI2C_MasterNackDetectFlag when remainingBytes is zero, in case
FIFO is emptied when stop command has not been sent yet.
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— Fixed the bug that, during non-blocking transfer slave may nack master while master
is busy filling tx FIFO, and NDF may not be handled properly.

[2.1.10]
* Bug Fixes
— MISRA C-2012 issue fixed.
* Fixed rule 10.3, 14.4, 15.5.
— Fixed unaligned access issue in LPI2C_RunTransferStateMachine.
— Fixed uninitialized variable issue in LPI2C_MasterTransferHandleIRQ.

— Used linked TCD to disable tx and enable rx in read operation to fix the issue that for
platform sharing the same DMA request with tx and rx, during LPI2C read operation if
interrupt with higher priority happened exactly after command was sent and before
tx disabled, potentially both tx and rx could trigger dma and cause trouble.

— Fixed MISRA issues.
* Fixed rules 10.1, 10.3, 10.4, 11.6, 11.9, 14.4, 17.7.
- Fixed the waitTimes variable not re-assignment issue for each byte read.
* New Features
— Added the IRQHandler for LPI2C5 and LPI2C6 instances.
* Improvements
— Updated the LPI2C_WAIT_TIMEOUT macro to unified name I2C_RETRY_TIMES.

[2.1.9]
* Bug Fixes

— Fixed Coverity issue of unchecked return value in I2C_RTOS_Transfer.

— Fixed Coverity issue of operands did not affect the result in LPI2C_SlaveReceive and
LPI2C_SlaveSend.

— Removed STOP signal wait when NAK detected.

— Cleared slave repeat start flag before transmission started
in LPI2C_SlaveSend/LPI2C_SlaveReceive. The issue was that
LPI2C_SlaveSend/LPI2C_SlaveReceive did not handle with the reserved repeat
start flag. This caused the next slave to send a break, and the master was always in
the receive data status, but could not receive data.

[2.1.8]
* Bug Fixes

- Fixed the transfer issue with LPI2C_MasterTransferNonBlocking,
KLPI2C_TransferNoStopFlag, with the wait transfer done through callback in a
way of not doing a blocking transfer.

— Fixed the issue that STOP signal did not appear in the bus when NAK event occurred.
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[2.1.7]
* Bug Fixes

— Cleared the stopflag before transmission started in LPI2C_SlaveSend/LPI2C_SlaveReceive.
The issue was that LPI2C_SlaveSend/LPI2C_SlaveReceive did not handle with the re-
served stop flag and caused the next slave to send a break, and the master always
stayed in the receive data status but could not receive data.

[2.1.6]
* Bug Fixes

— Fixed driver MISRA build error and C++ build error in LPI2C_MasterSend and
LPI2C_SlaveSend.

— Reset FIFO in LPI2C Master Transfer functions to avoid any byte still remaining in FIFO
during last transfer.

— Fixed the issue that LPI2C_MasterStop did not return the correct NAK status in the bus
for second transfer to the non-existing slave address.

[2.1.5]
* Bug Fixes
— Extended the Driver IRQ handler to support LPI2C4.

— Changed to use ARRAY_SIZE(kLpi2cBases) instead of FEATURE COUNT to decide the
array size for handle pointer array.

[2.1.4]
* Bug Fixes

— Fixed the LPI2C_MasterTransferEDMA receive issue when LPI2C shared same request
source with TX/RX DMA request. Previously, the API used scatter-gather method,
which handled the command transfer first, then the linked TCD which was pre-set with
the receive data transfer. The issue was that the TX DMA request and the RX DMA re-
quest were both enabled, so when the DMA finished the first command TCD transfer
and handled the receive data TCD, the TX DMA request still happened due to empty
TX FIFO. The result was that the RX DMA transfer would start without waiting on the
expected RX DMA request.

— Fixed the issue by enabling IntMajor interrupt for the command TCD and checking if
there was a linked TCD to disable the TX DMA request in LPI2C_MasterEDMACallback
API.

[2.1.3]
* Improvements

— Added LPI2C_WATI_TIMEOUT macro to allow the user to specify the timeout times for
waiting flags in functional API and blocking transfer API.

— Added LPI2C_MasterTransferBlocking API.
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[2.1.2]
* Bug Fixes
— In LPI2C_SlaveTransferHandleIRQ, reset the slave status to idle when stop flag was
detected.
[2.1.1]
* Bug Fixes
— Disabled the auto-stop feature in eDMA driver. Previously, the auto-stop feature was
enabled at transfer when transferring with stop flag. Since transfer was without stop
flag and the auto-stop feature was enabled, when starting a new transfer with stop
flag, the stop flag would be sent before the new transfer started, causing unsuccesful
sending of the start flag, so the transfer could not start.
— Changed default slave configuration with address stall false.
[2.1.0]

* Improvements
— APIname changed:
* LPI2C_MasterTransferCreateHandle -> LPI2C_MasterCreateHandle.
* LPI2C_MasterTransferGetCount -> LPI2C_MasterGetTransferCount.
* LPI2C_MasterTransferAbort -> LPI2C_MasterAbortTransfer.
* LPI2C_MasterTransferHandleIRQ -> LPI2C_MasterHandleInterrupt.
* LPI2C_SlaveTransferCreateHandle -> LPI2C_SlaveCreateHandle.
% LPI2C_SlaveTransferGetCount -> LPI2C_SlaveGetTransferCount.
* LPI2C_SlaveTransferAbort -> LPI2C_SlaveAbortTransfer.
* LPI2C_SlaveTransferHandleIRQ -> LPI2C_SlaveHandleInterrupt.

[2.0.0]

¢ Initial version.

LPI2C_EDMA

[2.4.5]
* Improvements

— Added condition to IRQ handler to check whether the interrupt is enabled -
KLPI2C_MasterTxReadyFlag.

[2.4.4]
¢ Improvements

— Added support for 2KB data transfer
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[2.4.3]
* Improvements

— Added support for separated IRQ handlers.

[2.4.2]
* Improvements
— Add EDMA ext API to accommodate more types of EDMA.

[2.4.1]
* Refer LPI2C driver change log 2.0.0 to 2.4.1

LPIT
[2.1.3]
* Bug Fixes
— Fixed doxygen generation warnings.
[2.1.2]
* Bug Fixes
— Fix CERT INT31-C issues.
[2.1.1]

* Improvements

— Release peripheral from reset if necessary in init function.

[2.1.0]
* Improvements

— Add new function LPIT_SetTimerValue to set timeout period.

[2.0.2]
* Improvements

— Improved LPIT_SetTimerPeriod implementation, configure timeout value with LPIT
ticks minus 1 generate more correct interval.

— Added timeout value configuration check for LPIT_SetTimerPeriod, at least input 3
ticks for calling LPIT_SetTimerPeriod.

* Bug Fixes
— Fixed MISRA C-2012 rule 17.7 violations.
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[2.0.1]
* Bug Fixes
— MISRA C-2012 issue fixed.
% Fixed rules, containing: rule-10.3, rule-14.4, rule-15.5.
[2.0.0]

 Initial version.

LPSPI

[2.7.3]
* Improvements
— Added timeout for while loop in LPSPI_MasterTransferWriteAllTxData().
— Make SPI_RETRY_TIMES configurable by CONFIG_SPI_RETRY_TIMES.

[2.7.2]
* Bug Fixes

— Fixed coverity issues.

[2.7.1]
* Bug Fixes
— Workaround for errata ERR050607
— Workaround for errata ERR010655

[2.7.0]
* New Feature
— Added common IRQ handler entry LPSPI_DriverIRQHandler.

[2.6.10]
* Improvements

— Conditionally compile interrupt handling code to solve the problem of using this driver
on CPU cores that do not support interrupts.

[2.6.9]
* Bug Fixes
— Fixed reading of TCR register
— Workaround for errata ERR050606
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[2.6.8]
* Bug Fixes
— Fixed build error when SPI_RETRY_TIMES is defined to non-zero value.
[2.6.7]
* Bug Fixes
- Fixed the txData from void * to const void * in transmit API _lpspi_master_handle and
_lpspi_slave_handle.
[2.6.6]
* Bug Fixes
— Added LPSPI register init in LPSPI_MasterInit incase of LPSPI register exist.
[2.6.5]

* Improvements

— Introduced FSL_FEATURE_LPSPI_HAS_NO_PCSCFG and FSL_FEATURE_LPSPI_HAS_NO_MULTI_WIDTE
for conditional compile.

— Release peripheral from reset if necessary in init function.

[2.6.4]
* Bug Fixes
— Added LPSPI6_DriverIRQHandler for LPSPI6 instance.
[2.6.3]
» Hot Fixes
— Added macro switch in function LPSPI_Enable about ERRATA051472.
[2.6.2]
* Bug Fixes
— Disabled Ipspi before LPSPI_MasterSetBaudRate incase of LPSPI opened.
[2.6.1]
* Bug Fixes
— Fixed return value while -calling LPSPI_WaitTxFifoEmpty in function LP-
SPI_MasterTransferNonBlocking.
[2.6.0]
» Feature

— Added the new feature of multi-IO SPI.
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[2.5.3]
* Bug Fixes
- Fixed 3-wire txmask of handle vaule reentrant issue.
[2.5.2]
* Bug Fixes
— Workaround for errata ERR051588 by clearing FIFO after transmit underrun occurs.
[2.5.1]
* Bug Fixes
— Workaround for errata ERR050456 by resetting the entire module using LP-
SPIn_CR[RST] bit.
[2.5.0]
* Bug Fixes
— Workaround for errata ERR011097 to wait the TX FIFO to go empty when writing TCR
register and TCR[TXMSK] value is 1.
— Added API LPSPI_WaitTxFifoEmpty for wait the txfifo to go empty.
[2.4.7]
* Bug Fixes
— Fixed bug that the SR[REF] would assert if software disabled or enabled the LPSPI mod-
ule in LPSPI_Enable.
[2.4.6]

* Improvements

— Moved the configuration of registers for the 3-wire Ipspi mode to the LPSPI_MasterInit
and LPSPI_Slavelnit function.

[2.4.5]
* Improvements

— Improved LPSPI_MasterTransferBlocking send performance when frame size is 1-byte.

[2.4.4]
* Bug Fixes

— Fixed LPSPI_MasterGetDefaultConfig incorrect default inter-transfer delay calculation.

[2.4.3]
* Bug Fixes

— Fixed bug that the ISR response speed is too slow on some platforms, resulting in the
first transmission of overflow, Set proper RX watermarks to reduce the ISR response
times.
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[2.4.2]
* Bug Fixes

— Fixed bug that LPSPI_MasterTransferBlocking will modify the parameter txbuff and
rxbuff pointer.

[2.4.1]
* Bug Fixes

— Fixed bug that LPSPI_SlaveTransferNonBlocking can’t detect RX error.

[2.4.0]
* Improvements

— Split some functions, fixed CCM problem in file fsl_lpspi.c.

[2.3.1]
* Improvements
- Initialized the EDMA configuration structure in the LPSPI EDMA driver.
* Bug Fixes

— Fixed bug that function LPSPI_MasterTransferBlocking should return after the trans-
fer complete flag is set to make sure the PCS is re-asserted.

[2.3.0]
* New Features

— Supported the master configuration of sampling the input data using a delayed clock
to improve slave setup time.

[2.2.1]
* Bug Fixes

— Fixed bug in LPSPI_SetPCSContinous when disabling PCS continous mode.

[2.2.0]
* Bug Fixes

— Fixed bug in 3-wire polling and interrupt transfer that the received data is not correct
and the PCS continous mode is not working.

[2.1.0]
¢ Improvements

— Improved LPSPI_SlaveTransferHandleIRQ to fill up TX FIFO instead of write one data
to TX register which improves the slave transmit performance.

— Added new functional APIs LPSPI SelectTransferPCS and LPSPI_SetPCSContinous to
support changing PCS selection and PCS continous mode.

* Bug Fixes
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— Fixed bug in non-blocking and EDMA transfer APIs that kStatus_InvalidArgument is
returned if user configures 3-wire mode and full-duplex transfer at the same time, but
transfer state is already set to KLPSPI_Busy by mistake causing following transfer can
not start.

— Fixed bug when LPSPI slave using EDMA way to transfer, tx should be masked when tx
data is null, otherwise in 3-wire mode which tx/rx use the same pin, the received data
will be interfered.

[2.0.5]
* Improvements
— Added timeout mechanism when waiting certain states in transfer driver.
* Bug Fixes
— Fixed the bug that LPSPI can not transfer large data using EDMA.
— Fixed MISRA 17.7 issues.
— Fixed variable overflow issue introduced by MISRA fix.

- Fixed issue that rxFifoMaxBytes should be calculated according to transfer width
rather than FIFO width.

— Fixed issue that completion flag was not cleared after transfer completed.

[2.0.4]
* Bug Fixes
— Fixed in LPSPI_MasterTransferBlocking that master rxfifo may overflow in stall con-
dition.
— Eliminated IAR Pa082 warnings.
— Fixed MISRA issues.
* Fixed rules 10.1, 10.3, 10.4, 10.6, 11.9, 14.2, 14.4, 15.7, 17.7.
[2.0.3]
* Bug Fixes
— Removed LPSPI_Reset from LPSPI_MasterInit and LPSPI_Slavelnit, because this API
may glitch the slave select line. If needed, call this function manually.
[2.0.2]

* New Features

— Added dummy data set up API to allow users to configure the dummy data to be trans-
ferred.

— Enabled the 3-wire mode, SIN and SOUT pins can be configured as input/output pin.

[2.0.1]
* Bug Fixes

— Fixed the bug that the clock source should be divided by the PRESCALE setting in LP-
SPI_MasterSetDelayTimes function.
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— Fixed the bug that LPSPI_MasterTransferBlocking function would hang in some corner
cases.

» Optimization

— Added #ifndef/#endif to allow user to change the default TX value at compile time.

[2.0.0]

 Initial version.

LPSPI_ EDMA

[2.4.9]
* Improvements

— Removed unused code from LPSPI_SeparateEdmaReadData().

[2.4.8]
* Improvements

— Added timeout for while loop in EDMA_LpspiMasterCallback() and
EDMA_LpspiSlaveCallback().

[2.4.7]
* Bug Fixes
— Add macro LPSPI_ALIGN_TCD_SIZE_MASK to align an address to edma_tcd_t size.
[2.4.6]

* Improvements

— Increased transmit FIFO watermark to ensure whole transmit FIFO will be used during
data transfer.

[2.4.5]
* Bug Fixes
— Fixed reading of TCR register
— Workaround for errata ERR050606
[2.4.4]

* Improvements

— Add EDMA ext API to accommodate more types of EDMA.

[2.4.3]
* Improvements

— Supported 32K bytes transmit in DMA, improve the max datasize in LP-
SPI_MasterTransferEDMALite.
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[2.4.2]
* Improvements

— Added callback status in EDMA_LpspiMasterCallback and EDMA_LpspiSlaveCallback
to check transferDone.

[2.4.1]
* Improvements
— Add the TXMSK wait after TCR setting.

[2.4.0]
* Improvements

— Separated LPSPI_MasterTransferEDMA functions to LP-
SPI_MasterTransferPrepareEDMA and LPSPI_MasterTransferEDMALite to optimize
the process of transfer.

LPTMR

[2.2.1]
* Bug Fixes
— Fix CERT INT31-C issues.

[2.2.0]
* Improvements

— Updated lptmr_prescaler_clock_select_t, only define the valid options.

[2.1.1]
* Improvements
— Updated the characters from “PTMR” to “LPTMR” in
“FSL_FEATURE_PTMR_HAS_NO_PRESCALER_CLOCK_SOURCE_1_SUPPORT”  feature
definition.
[2.1.0]

¢ Improvements
— Implement for some special devices’ not supporting for all clock sources.
* Bug Fixes

— Fixed issue when accessing CMR register.

[2.0.2]
* Bug Fixes
— Fixed MISRA-2012 issues.
% Rule 10.1.
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[2.0.1]
* Improvements

— Updated the LPTMR driver to support 32-bit CNR and CMR registers in some devices.

[2.0.0]

 Initial version.

LPUART

[2.10.0]
* New Feature

— Added support to configure RTS watermark.

[2.9.4]
* Improvements

— Merged duplicate code.

[2.9.3]
* Improvements
— Added timeout for while loops in LPUART_Deinit().

[2.9.2]
* Bug Fixes

— Fixed coverity issues.

[2.9.1]
* Bug Fixes

— Fixed coverity issues.

[2.9.0]
* New Feature
— Added support for swap TXD and RXD pins.
— Added common IRQ handler entry LPUART DriverIRQHandler.

[2.8.3]
* Improvements

— Conditionally compile interrupt handling code to solve the problem of using this driver
on CPU cores that do not support interrupts.
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[2.8.2]
* Bug Fix
— Fixed the bug that LPUART_TransferEnable16Bit controled by wrong feature macro.

[2.8.1]
* Bug Fixes
— Fixed issue for MISRA-2012 check.
* Fixed rule-5.3, rule-5.8, rule-10.4, rule-11.3, rule-11.8.

[2.8.0]
* Improvements

— Added support of DATA register for 9bit or 10bit data transmit in write and
read API. Such as: LPUART_WriteBlockingl6bit, LPUART_ReadBlocking16bit,
LPUART TransferEnable16Bit LPUART_WriteNonBlocking16bit,
LPUART_ReadNonBlocking16bit.

[2.7.7]
* Bug Fixes

— Fixed the bug that baud rate calculation overflow when srcClock_Hz is 528MHz.

[2.7.6]
* Bug Fixes

— Fixed LPUART_Enablelnterrupts and LPUART_DisableInterrupts bug that blocks if the
LPUART address doesn’t support exclusive access.

[2.7.5]
* Improvements

— Release peripheral from reset if necessary in init function.

[2.7.4]
* Improvements

— Added support for atomic register accessing in LPUART_Enablelnterrupts and
LPUART _DisableInterrupts.

[2.7.3]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 15.7.

[2.7.2]
* Bug Fix

— Fixed the bug that the OSR calculation error when lupart init and Ipuart set baud rate.
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[2.7.1]
* Improvements

— Added support for LPUART_BASE_PTRS_NS in security mode in file fsl_lpuart.c.

[2.7.0]
* Improvements

— Split some functions, fixed CCM problem in file fsl_lpuart.c.

[2.6.0]
* Bug Fixes
— Fixed bug that when there are multiple lpuart instance, unable to support different
ISR.
[2.5.3]
* Bug Fixes
- Fixed comments by replacing unused status flags KLPUART_NoiseErrorInRxDataRegFlag
and KkLPUART_ParityErrorInRxDataRegFlag with KLPUART_NoiseErrorFlag and
KLPUART_ParityErrorFlag.
[2.5.2]
* Bug Fixes

- Fixed bug that when setting watermark for TX or RX FIFO, the value may exceed the
maximum limit.

* Improvements

— Added check in LPUART_TransferDMAHandleIRQ and
LPUART_TransferEdmaHandleIRQ to ensure if user enables any interrupts other
than transfer complete interrupt, the dma transfer is not terminated by mistake.

[2.5.1]
* Improvements
— Use separate data for TX and RX in Ipuart_transfer_t.
* Bug Fixes

- Fixed bug that when ring buffer is used, if some data is received in ring buffer first be-
fore calling LPUART_TransferReceiveNonBlocking, the received data count returned
by LPUART _TransferGetReceiveCount is wrong.

[2.5.0]
* Bug Fixes

— Added missing interrupt enable masks KLPUART MatchlInterruptEnable and
KLPUART_Match2InterruptEnable.

— Fixed bug in LPUART Enablelnterrupts, LPUART _DisableInterrupts and
LPUART_GetEnabledInterrupts that the BAUD[LBKDIE] bit field should be soc
specific.
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— Fixed bug in LPUART_TransferHandleIRQ that idle line interrupt should be disabled
when rx data size is zero.

— Deleted unused status flags KkLPUART_NoiseErrorInRxDataRegFlag and
KLPUART_ParityErrorInRxDataRegFlag, since firstly their function are the same
as KLPUART _NoiseErrorFlag and KLPUART_ParityErrorFlag, secondly to obtain them
one data word must be read out thus interfering with the receiving process.

— Fixed bug in LPUART_GetStatusFlags that the STAT[LBKDIF], STAT[MA1F] and
STAT[MAZ2F] should be soc specific.

— Fixed bug in LPUART _ClearStatusFlags that tx/rx FIFO is reset by mistake when clear-
ing flags.

— Fixed bug in LPUART_TransferHandleIRQ that while clearing idle line flag the other
bits should be masked in case other status bits be cleared by accident.

— Fixed bug of race condition during LPUART transfer using transactional APIs, by dis-
abling and re-enabling the global interrupt before and after critical operations on in-
terrupt enable register.

— Fixed DMA/eDMA transfer blocking issue by enabling tx idle interrupt after
DMA/eDMA transmission finishes.

* New Features

— Added APIs LPUART_GetRxFifoCount/LPUART_GetTxFifoCount to get rx/tx FIFO data
count.

— Added APIs LPUART SetRxFifoWatermark/LPUART_SetTxFifoWatermark to set rx/tx
FIFO water mark.

[2.4.1]
* Bug Fixes
— Fixed MISRA advisory 17.7 issues.
[2.4.0]

* New Features

— Added APIs to configure 9-bit data mode, set slave address and send address.

[2.3.1]
* Bug Fixes
— Fixed MISRA advisory 15.5 issues.
[2.3.0]

* Improvements

— Modified LPUART_TransferHandleIRQ so that txState will be set to idle only when all
data has been sent out to bus.

— Modified LPUART_TransferGetSendCount so that this API returns the real byte count
that LPUART has sent out rather than the software buffer status.

— Added timeout mechanism when waiting for certain states in transfer driver.
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[2.2.8]
* Bug Fixes
— Fixed issue for MISRA-2012 check.
* Fixed rule-10.3, rule-14.4, rule-15.5.

— Eliminated Pa082 warnings by assigning volatile variables to local variables and using
local variables instead.

— Fixed MISRA issues.
* Fixed rules 10.1, 10.3, 10.4, 10.8, 14.4, 11.6, 17.7.
* Improvements

— Added check for KLPUART TransmissionCompleteFlag in LPUART WriteBlocking,
LPUART_TransferHandleIRQ, LPUART TransferSendDMACallback and
LPUART SendEDMACallback to ensure all the data would be sent out to bus.

— Rounded up the calculated sbr value in LPUART SetBaudRate and LPUART Init to
achieve more acurate baudrate setting. Changed osr from uint32_t to uint8_t since
osr’s bigest value is 31.

— Modified LPUART_ReadBlocking so that if more than one receiver errors occur, all sta-
tus flags will be cleared and the most severe error status will be returned.

[2.2.7]
* Bug Fixes
— Fixed issue for MISRA-2012 check.
* Fixed rule-12.1, rule-17.7, rule-14.4, rule-13.3, rule-14.4, rule-10.4, rule-10.8, rule-
10.3, rule-10.7, rule-10.1, rule-11.6, rule-13.5, rule-11.3, rule-13.2, rule-8.3.
[2.2.6]
* Bug Fixes
— Fixed the issue of register’s being in repeated reading status while dealing with the
IRQ routine.
[2.2.5]
* Bug Fixes
— Do not set or clear the TIE/RIE bits when using LPUART_EnableTxDMA and
LPUART_EnableRxDMA.
[2.2.4]

* Improvements
— Added hardware flow control function support.

— Added idle-line-detecting feature in LPUART_TransferNonBlocking function. If an idle
line is detected, a callback is triggered with status kStatus_LPUART _IdleLineDetected
returned. This feature may be useful when the received Bytes is less than the expected
received data size. Before triggering the callback, data in the FIFO (if has FIFO) is read
out, and no interrupt will be disabled, except for that the receive data size reaches 0.
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— Enabled the RX FIFO watermark function. With the idle-line-detecting feature enabled,
users can set the watermark value to whatever you want (should be less than the RX
FIFO size). Data is received and a callback will be triggered when data receive ends.

[2.2.3]
* Improvements

— Changed parameter type in LPUART_RTOS_Init struct from rtos_lpuart_config to
lpuart_rtos_config_t.

* Bug Fixes

— Disabled LPUART receive interrupt instead of all NVICs when reading data from ring
buffer. Otherwise when the ring buffer is used, receive nonblocking method will dis-
able all NVICs to protect the ring buffer. This may has a negative effect on other IPs
that are using the interrupt.

[2.2.2]
* Improvements
— Added software reset feature support.
— Added software reset API in LPUART Init.

[2.2.1]
* Improvements
— Added separate RX/TX IRQ number support.

[2.2.0]
* Improvements
— Added support of 7 data bits and MSB.

[2.1.1]
* Improvements
— Removed unnecessary check of event flags and assert in LPUART_RTOS_Receive.
— Added code to always wait for RX event flag in LPUART_RTOS_Receive.

[2.1.0]
* Improvements

— Update transactional APIs.

LPUART_EDMA

[2.4.0]
» Refer LPUART driver change log 2.1.0 to 2.4.0
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MCM

[2.2.0]
* Improvements

— Support platforms with less features.

[2.1.0]
* Others
— Remove byteID from mcm_lmem_fault_attribute_t for document update.
[2.0.0]

* Initial version.

MIPI_DSI

[2.1.0]
* Bug Fixes

— Fixed typo in member of dsi_transfer_t structure. The sendDscCmd and dscCmd shall
be sendDcsCmd and dcsCmd.

[2.0.3]
* Improvements
— Supported DSI_ConfigDphy api.
— Supported DSI_EnableVpgEnMode to config the video mode pattern generator.

[2.0.2]
* Improvements
— More precise calculation of the values of m & n.

— Lookup table method to obtain DPHY-related parameters based on bandwidth.

[2.0.1]
* Bug Fixes.
— Fixed MISRA C-2012 issues: 10.1, 10.3,10.4, 10.8, 21.15
[2.0.0]

 Initial version.
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MU
[2.8.1]
* Bug Fixes
— Avoid incorrect MU_BUSY_POLL_COUNT macro use.
[2.8.0]

* New Features

— Added MU1_BUSY_POLL_COUNT parameter to prevent infinite polling loops in MU op-
erations.

— Added timeout mechanism to all polling loops in MU driver code.
* Improvements
— Updated function signatures to return status codes for better error handling:
* Changed MU_ResetBothSides to return status_t instead of void
* Updated MU_SendMsg to return status_t for timeout indication
* Added new function MU_ReceiveMsgTimeout() to include timeout mechanism.

— Enhanced documentation across all functions to clarify timeout behavior and return
values.

[2.7.0]
* New Features
— Added API MU_GetRxStatusFlags.

[2.6.0]
* New Features
— Added API MU_GetInterruptsPending.

[2.5.1]
* Bug Fixes
— Fixed the bug that MU_TriggerGeneralPurposelnterrupts and MU_TriggerInterrupts
may trigger previous triggered general purpose interrupts again by mistake.
[2.5.0]

* New Features
— Supported more than 4 general purpose interrupts.

— Added seperate APIs for general purpose interrupts.
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[2.4.0]
* Improvements

— Supported the case that some features only avaiable with specific instances. These
features include Hardware Reset, Boot Peer Core, Hold Reset. When using the features
with instances which don’t support them, driver will report error.

[2.3.3]
* Improvements

— Release peripheral from reset if necessary in init function.

[2.3.2]
* Improvements
— Supported platforms which don’t have CCRO[RSTH], CCRO[CLKE], CCRO[HR],

CCRO[HRM].
[2.3.1]
* Bug Fixes
— Fixed build error for platforms which have CCRO[RSTH], but no CCRO[NMTI].
[2.3.0]

* New features
— Added support for i. MX RT7xx.

[2.2.1]
* Bug Fixes
— Fixed issue that MU_GetInstance() is defined but never used.
[2.2.0]

* New features

— Added support for i. MX RT118x.
* Bug Fixes

— Fixed general purpose interrupt bug.
* Other Changes

- Change _mu_interrupt_trigger item value.

[2.1.2]
* Bug Fixes

— Fixed bug that general purpose interrupt can’t be configured.
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[2.1.1]
* Bug Fixes
— Fixed MISRA C-2012 issues.
[2.1.0]

* Improvements

— Added new enum mu_msg_reg_index_t.

[2.0.0]

¢ Initial version.

OTFAD
[2.1.4]
* Bug fixes
— Fixed MISRA 2012 issue: 10.1.
[2.1.3]
* Bug fixes
— Fixed the error that waiting for both FLEXSPI AHB idle and SEQ idle.
[2.1.2]
* Bug fixes
— Fixed MISRA 2012 issue: 10.4.
[2.1.1]

* Improvements:
— Hided some bits in CR and SR registers for selected platforms.

— Fixed doxygen issues.

[2.1.0]
* Improvements:

— Used boolean type to define 1-bit field concepts.

[2.0.0]

« Initial version.
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PDM
[2.9.3]
* Bug Fixes
- Fixed violations of MISRA C-2012 rule 10.1, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8, 12.4.
[2.9.2]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 10.1, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8, 12.4.
[2.9.1]
* Bug Fixes
— Fixed the issue that the driver still enters the interrupt after disabling clock.
[2.9.0]

* Improvements

* Added feature FSL_FEATURE PDM_HAS DECIMATION_FILTER BYPASS to config
CTRL_2[DEC_BYPASS] field.

* Modify code to make the OSR value is not limited to 16.

[2.8.1]
* Improvements

 Added feature FSL_FEATURE_PDM_HAS NO_DOZEN to handle nonexistent
CTRL_1[DOZEN] field.

[2.8.0]
* Improvements

* Added feature FSL_FEATURE_PDM_HAS_NO_HWVAD to remove the support of hadware
voice activity detector.

» Added feature FSL_FEATURE_PDM_HAS_NO_FILTER BUFFER to remove the support of
FIR_RDY bitfield in STAT register.

[2.7.4]
* Bug Fixes
— Fixed driver can not determine the specific float number of clock divider.
— Fixed PDM_ValidateSrcClockRate calculates PDM channel in wrong method issue.
[2.7.3]

* Improvements

* Added feature FSL_FEATURE_PDM_HAS_NO_VADEF to remove the support of VADEF hit-
field in VADO_STAT register.
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[2.7.2]
* Improvements

* Added feature FSL_FEATURE_PDM_HAS NO_MINIMUM_CLKDIV to decide whether the
minimum clock frequency division is required.

[2.7.1]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 8.4, 10.3, 10.1, 10.4, 14.4
[2.7.0]

* Improvements

— Added api PDM_EnableHwvadInterruptCallback to support handle hwvad IRQ in PDM
driver.

— Corrected the sample rate configuration for non high quality mode.

— Added api PDM_SetChannelGain to support adjust the channel gain.

[2.6.0]
* Improvements
— Added new features FSL_FEATURE_PDM_HAS_STATUS_LOW_FREQ/FSL_FEATURE_PDM_HAS_DC_OUT

[2.5.0]
* Bug Fixes

- Fixed violations of the MISRA C-2012 rules 8.4, 16.5, 10.4, 10.3, 10.1, 11.9, 17.7, 10.6,
14.4,11.8,11.6.

[2.4.1]
* Bug Fixes

— Fixed MDK 66-D warning in pdm driver.

[2.4.0]
* Improvements

— Added api PDM_TransferSetChannelConfig/PDM_ReadFifo to support read different
width data.

- Added feature FSL_FEATURE_PDM_HAS_RANGE_CTRL and api
PDM_ClearRangeStatus/PDM_GetRangeStatus for range register.

* Bug Fixes
— Fixed violation of MISRA C-2012 Rule 14.4, 10.3, 10.4.
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[2.3.0]
* Improvements

— Enabled envelope/energy voice detect mode by adding apis
PDM_SetHwvadInEnvelopeBasedMode/PDM_SetHwvadInEnergyBasedMode.

— Added feature FSL_FEATURE_PDM_CHANNEL _NUM for different SOC.

[2.2.1]
* Bug Fixes
- Fixed violation of MISRA C-2012 Rule 10.1, 10.3, 10.4, 10.6, 10.7, 11.3, 11.8, 14.4, 17.7,
18.4.
— Added medium quality mode support in function PDM_SetSampleRateConfig.
[2.2.0]

* Improvements

— Added api PDM_SetSampleRateConfig to improve user experience and marked api
PDM_SetSampleRate as deprecated.

[2.1.1]
* Improvements

* Used new SDMA API SDMA_SetDoneConfig instead of SDMA_EnableSwDone for PDM SDMA
driver.

[2.1.0]
* Improvements

— Added software buffer queue for transactional API.

[2.0.1]
* Improvements
— Improved HWVAD feature.
[2.0.0]

 Initial version.

PDM_EDMA

[2.6.5]
* Bug Fixes
- Fixed violations of MISRA C-2012 rule 10.1, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8.
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[2.6.4]
* Improvements

— Add handling for runtime change of number of linked transfers

[2.6.3]
* Improvements
— Add EDMA ext API to accommodate more types of EDMA.

[2.6.2]
* Improvements

— Add macro MCUX_SDK PDM_EDMA_PDM_ENABLE_INTERNAL to let the user decide
whether to enable it when calling PDM_TransferReceiveEDMA.

[2.6.1]
* Bug Fixes
— Fixed violation of MISRA C-2012 Rule 10.3, 10.4.
[2.6.0]

* Improvements
— Updated api PDM_TransferReceiveEDMA to support channel block interleave transfer.

— Added new api PDM_TransferSetMultiChannellnterleaveType to support channel in-
terleave type configurations.

[2.5.0]
* Refer PDM driver change log 2.1.0 to 2.5.0

RGPIO

[2.1.0]
» New feature:
— Added API RGPIO_EnablePortInput()
— Added API RGPIO_SetPinInterruptConfig()
— Added API RGPIO_GetPinsInterruptFlags()
— Added API RGPIO_ClearPinsInterruptFlags()

[2.0.3]
* Improvements:

— Enhanced FGPIO_PinlInit to enable clock internally.
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[2.0.2]
* Bug fix
— MISRA C-2012 issue fixed.
* Fix rules, containing: rule-10.3, rule-14.4, rule-15.5.
[2.0.1]

* API Interface Change:

— Refined naming of API while keep all original APIs with marking them as deprecated.
The original API will be removed in the next release. The main change is to update API
with prefix of _PinXXX() and _PortXXX().

[2.0.0]

 Initial version.

SAI

[2.4.10]
* Improvements
— Allow enabling/disabling implicit channel configuration.
— Allow NULL FIFO watermark.
* Bug Fixes

— Fix compilation warnings when asserts are disabled

[2.4.9]
* Added Errata ERR051421 workaround.

[2.4.8]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 10.1, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8, 12.4.
[2.4.7]

* Added conditional support for bit clock swap feature
* Added common IRQ handler entry SAI_DriverIRQHandler.

[2.4.6]
* Bug Fixes
— Fixed the IAR build warning.
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[2.4.5]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 10.1, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8, 12.4.
[2.4.4]
* Bug Fixes
— Fixed enumeration sai_fifo_combine_t - add RX configuration.
[2.4.3]
* Bug Fixes
— Fixed enumeration sai_fifo_combine_t value configuration issue.
[2.4.2]

* Improvements

— Release peripheral from reset if necessary in init function.

[2.4.1]
* Bug Fixes
— Fixed bitWidth incorrectly assigned issue.
[2.4.0]

* Improvements

— Removed deprecated APIs.

[2.3.8]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 10.4.
[2.3.7]

* Improvements
— Change feature “FSL,_FEATURE_SAI_FIFO_COUNT” to “FSL_FEATURE_SAI_HAS_FIFO”.

— Added feature “FSL_FEATURE_SAI_FIFO_COUNTnN(x)” to align SAI fifo count function
with IP in function

[2.3.6]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 5.6.
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[2.3.5]
* Improvements

— Make driver to be aarch64 compatible.

[2.3.4]
* Bug Fixes
— Corrected the fifo combine feature macro used in driver.
[2.3.3]
* Bug Fixes
— Added bit clock polarity configuration when sai act as slave.
— Fixed out of bound access coverity issue.
— Fixed violations of MISRA C-2012 rule 10.3, 10.4.
[2.3.2]
* Bug Fixes
— Corrected the frame sync configuration when sai act as slave.
[2.3.1]
* Bug Fixes
— Corrected the peripheral name in function SAIO_DriverIRQHandler.
— Fixed violations of MISRA C-2012 rule 17.7.
[2.3.0]
* Bug Fixes
— Fixed the build error caused by the SOC has no fifo feature.
[2.2.3]
* Bug Fixes
— Corrected the peripheral name in function SAIO_DriverIRQHandler.
[2.2.2]
* Bug Fixes

— Fixed the issue of MISRA 2004 rule 9.3.

— Fixed sign-compare warning.

— Fixed the PA082 build warning.

— Fixed sign-compare warning.

— Fixed violations of MISRA C-2012rule 10.3,17.7,10.4,8.4,10.7,10.8,14.4,17.7,11.6,10.1,10.6,8.4,14.3,16.4,1
— Allow to reset Rx or Tx FIFO pointers only when Rx or Tx is disabled.
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* Improvements
— Added 24bit raw audio data width support in sai sdma driver.

— Disabled the interrupt/DMA request in the SAI_Init to avoid generates unexpected sai
FIFO requests.

[2.2.1]
* Improvements
— Added mclk post divider support in function SAI_SetMasterClockDivider.
— Removed useless configuration code in SAI_RxSetSerialDataConfig.
* Bug Fixes

— Fixed the SAI SDMA driver build issue caused by the wrong structure member name
used in the function SAI_TransferRxSetConfigSDMA/SAI_TransferTxSetConfigSDMA.

— Fixed BAD BIT SHIFT OPERATION issue caused by the
FSL_FEATURE_SAI_CHANNEL_COUNTN.

— Applied ERR05144: not set FCONT = 1 when TMR > 0, otherwise the TX may not work.

[2.2.0]
* Improvements
— Added new APIs for parameters collection and simplified user interfaces:
* SAI_Init
* SAI_SetMasterClockConfig
* SAI_TxSetBitClockRate
* SAI_TxSetSerialDataConfig
* SAI_TxSetFrameSyncConfig
* SAI_TxSetFifoConfig
* SAI_TxSetBitclockConfig
* SAI_TxSetConfig
* SAI_TxSetTransferConfig
* SAI_RxSetBitClockRate
* SAI_RxSetSerialDataConfig
* SAI_RxSetFrameSyncConfig
* SAI_RxSetFifoConfig
* SAI_RxSetBitclockConfig
* SAI_RXSetConfig
% SAI_RxSetTransferConfig
* SAI_GetClassicI2SConfig
* SAI_GetLeftJustifiedConfig
* SAI_GetRightJustifiedConfig
* SAI_GetTDMConfig
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[2.1.9]
* Improvements
— Improved SAI driver comment for clock polarity.
— Added enumeration for SAI for sample inputs on different edges.

— Changed FSL._FEATURE_SAI_CHANNEL_COUNT to FSL._FEATURE_SAI_CHANNEL_COUNTn(base)
for the difference between the different SAI instances.

* Added new APIs:
— SAI TxSetBitClockDirection
— SAI_RxSetBitClockDirection
— SAI RxSetFrameSyncDirection

— SAI_TxSetFrameSyncDirection

[2.1.8]
* Improvements
— Added feature macro test for the sync mode2 and mode 3.

— Added feature macro test for masterClockHz in sai_transfer_format_t.

[2.1.7]
* Improvements
— Added feature macro test for the mclkSource member in sai_config_t.
— Changed “FSL_FEATURE_SAI5_SAI6_SHARE_IRQ” to “FSL_FEATURE_SAI SAI5_SAI6_SHARE_IRQ”.
— Added #ifndef #endif check for SAI_XFER_QUEUE_SIZE to allow redefinition.
* Bug Fixes

— Fixed build error caused by feature macro test for mclkSource.

[2.1.6]
* Improvements
— Added feature macro test for mclkSourceClockHz check.
— Added bit clock source name for general devices.
* Bug Fixes

— Fixed incorrect channel numbers setting while calling RX/TX set format together.

[2.1.5]
* Bug Fixes
— Corrected SAI3 driver IRQ handler name.
— Added 1254/5/6 IRQ handler.

— Added base in handler structure to support different instances sharing one IRQ num-
ber.

* New Features
— Updated SAI driver for MCR bit MICS.
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— Added 192 KHZ/384 KHZ in the sample rate enumeration.

— Added multi FIFO interrupt/SDMA transfer support for TX/RX.

— Added an API to read/write multi FIFO data in a blocking method.
— Added bclk bypass support when bclk is same with mclk.

[2.1.4]
* New Features

— Added an API to enable/disable auto FIFO error recovery in platforms that support this
feature.

— Added an API to set data packing feature in platforms which support this feature.

[2.1.3]
* New Features

— Added feature to make I2S frame sync length configurable according to bitWidth.

[2.1.2]
* Bug Fixes
— Added 24-bit support for SAI eDMA transfer. All data shall be 32 bits for send/receive,
as eDMA cannot directly handle 3-Byte transfer.
[2.1.1]

* Improvements

— Reduced code size while not using transactional API.

[2.1.0]
* Improvements
— API name changes:
* SAI_GetSendRemainingBytes -> SAI_GetSentCount.
* SAI_GetReceiveRemainingBytes -> SAI_GetReceivedCount.
* All names of transactional APIs were added with “Transfer” prefix.
* All transactional APIs use base and handle as input parameter.
* Unified the parameter names.
* Bug Fixes
— Fixed WLC bug while reading TCSR/RCSR registers.

— Fixed MOE enable flow issue. = Moved MOE enable after MICS settings in
SAI_TxInit/SAI_RxInit.

[2.0.0]

 Initial version.
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SAI_EDMA

[2.7.3]
* Bug Fixes
- Fixed violations of MISRA C-2012 rule 10.1, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8, 12.4.

[2.7.2]
* Improvements
- Add macros MCUX_SDK_SAI_EDMA_TX_ENABLE_INTERNAL and
MCUX_SDK_SAI EDMA_RX ENABLE_INTERNAL to let the user decide whether to
enable SAI when calling SAI_TransferSendEDMA/SAI_TransferReceiveEDMA.
[2.7.1]

* Improvements

— Add EDMA ext API to accommodate more types of EDMA.

[2.7.0]
e Improvements

— Updated api SAI TransferReceiveEDMA to support voice channel block interleave
transfer.

— Updated api SAI_TransferSendEDMA to support voice channel block interleave trans-
fer.

— Added new api SAI_TransferSetInterleaveType to support channel interleave type con-
figurations.

[2.6.0]
* Improvements

— Removed deprecated APIs.

[2.5.1]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 20.7.
[2.5.0]

* Improvements

— Added new api SAI_TransferSendLoopEDMA/SAI_TransferReceiveLoopEDMA to sup-
port loop transfer.

— Added multi sai channel transfer support.

136 Chapter 1. MCIMX93-QSB



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

[2.4.0]
* Improvements

— Added new api SAI_TransferGetValidTransferSlotsEDMA which can be used to get
valid transfer slot count in the sai edma transfer queue.

— Deprecated the api SAI_TransferRxSetFormatEDMA and
SAI TransferTxSetFormatEDMA.

* Bug Fixes
— Fixed violations of MISRA C-2012 rule 10.3,10.4.

[2.3.2]
 Refer SAI driver change log 2.1.0 to 2.3.2

SAR_ADC

[2.3.0]
* New Feature

— Added new feature macro a for compatibility with ADCs on some platforms where
some instances do not support group3.

[2.2.0]
* New Feature

— Added new features to compatible with new platforms.

[2.1.1]
* Improvement

— Change ADC sample rate phase duration default value from 0x08 to 0x14.

[2.1.0]
* New Feature

— Added ADC_StopConvChain function to support stop scan in normal conversion scan
operation mode.

[2.0.3]
* Bug Fixes

- Fixed the array name usage error in function ADC_GetInstance.

[2.0.2]
* Bug Fixes
— Fixed MISRA issues.
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[2.0.1]
* Bug Fixes
— Fixed the bug that when calling function ADC_EnableWdgThresholdInt() in function
ADC_SetAnalogWdgConfig(), the parameter was passed incorrectly.
[2.0.0]

 Initial version.

SEMA42

[2.1.1]
* Improvements

— Updated SEMA42_TryLock function to avoid unsigned integer operations wrap issue.

[2.1.0]
* New Features

— Added SEMA42_BUSY_POLL_COUNT parameter to prevent infinite polling loops in
SEMAA42 operations.

— Added timeout mechanism to all polling loops in SEMA42 driver code.
* Improvements

— Updated SEMA42_Lock function to return status_t instead of void for better error han-
dling.

— Enhanced documentation to clarify timeout behavior and return values.

[2.0.4]
* Improvements

— Release peripheral from reset if necessary in init function.

[2.0.3]
* Improvements

— Changed to implement SEMA42_ILock base on SEMA42_TryLock.

[2.0.2]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 17.7.

[2.0.1]
* Bug Fixes
— Fixed violations of the MISRA C-2012 rules 10.3, 10.4, 14.4, 18.1.
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[2.0.0]

 Initial version.

TMU

[2.1.0]
* New feature.
— Supported rising & falling temp rate critical threshold.

— Supported polling function to avoid the temp sudden jump issue.

[2.0.0]
 Initial version.

— This module was first developed on i.MX 93.

TPM

[2.4.1]
* Improvements

— Add Coverage Justification for uncovered code.

[2.4.0]

* New Feature

— Added while loop timeout for MOD CnV CnSC and SC register write sequence.

— Change the return type from void to status_t for following API:
* TPM_DisableChannel
* TPM_ EnableChannel
* TPM_ SetupOutputCompare
* TPM_SetTimerPeriod
* TPM_ StopTimer

[2.3.6]
* Bug Fixes
— Fixed CERT INT30-C INT31-C issue for TPM__ SetupDualEdgeCapture.
[2.3.5]

* New Feature
— Added IRQ handler entry for TPM2.

1.5. ChangeLog

139



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

[2.3.4]
* New Feature
— Added common IRQ handler entry TPM_DriverIRQHandler.

[2.3.3]
* Improvements

— Conditionally compile interrupt handling code to solve the problem of using this driver
on CPU cores that do not support interrupts.

[2.3.2]
* Bug Fixes
— Fixed ERR008085 TPM writing the TPMx_MOD or TPMx_CnV registers more than once
may fail when the timer is disabled.
[2.3.1]
* Bug Fixes
— Fixed compilation error when macro FSL_SDK_DISABLE_DRIVER_CLOCK_CONTROL is
1.
[2.3.0]

* Improvements

— Create callback feature for TPM match and timer overflow interrupts.

[2.2.4]
* Improvements
- Add feature macros(FSL_FEATURE_TPM_HAS_GLOBAL_TIME_BASE_EN,
FSL_FEATURE_TPM_HAS_GLOBAL_TIME_BASE_SYNC).
[2.2.3]

¢ Improvements

— Release peripheral from reset if necessary in init function.

[2.2.2]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 10.4.

[2.2.1]
* Bug Fixes

— Fixed CCM issue by splitting function from TPM_SetupPwm() function to reduce func-
tion complexity.

— Fixed violations of MISRA C-2012 rule 17.7.
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[2.2.0]
* Improvements
— Added TPM_SetChannelPolarity to support select channel input/output polarity.

— Added TPM_EnableChannelExtTrigger to support enable external trigger input to be
used by channel.

— Added TPM_CalculateCounterClkDiv to help calculates the counter clock prescaler.
— Added TPM_GetChannelValue to support get TPM channel value.
— Added new TPM configuration.
* syncGlobalTimeBase
* extTriggerPolarity
* chnlPolarity
— Added new PWM signal configuration.
* secPauseLevel
* Bug Fixes

— Fixed TPM_SetupPwm can’t configure 0% combined PWM issues.

[2.1.1]
* Improvements

— Add feature macro for PWM pause level select feature.

[2.1.0]
* Improvements
— Added TPM_EnableChannel and TPM_DisableChannel APIs.
— Added new PWM signal configuration.
% pauseLevel - Support select output level when counter first enabled or paused.

* enableComplementary - Support enable/disable generate complementary PWM
signal.

* deadTimeValue - Support deadtime insertion for each pair of channels in combined
PWM mode.

* Bug Fixes

— Fixed issues about channel MSnB:MSnA and ELSnB:ELSnA bit fields and CnV register
change request acknowledgement. Writes to these bits are ignored when the interval
between successive writes is less than the TPM clock period.

[2.0.8]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 10.1, 10.4,10.7 and 14.4.

[2.0.7]
* Bug Fixes
— Fixed violations of MISRA C-2012 rule 10.4 and 17.7.
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[2.0.6]
* Bug Fixes
- Fixed Out-of-bounds issue.
[2.0.5]
* Bug Fixes
— Fixed MISRA-2012 rules.
% Rule 10.6, 10.7
[2.0.4]
* Bug Fixes
— Fixed ERR050050 in functions TPM_SetupPwm/TPM_UpdatePwmDutycycle. When
TPM was configured in EPWM mode as PS = 0, the compare event was missed on the
first reload/overflow after writing 1 to the CnV register.
[2.0.3]
* Bug Fixes
— MISRA-2012 issue fixed.
* Fixed rules: rule-12.1, rule-17.7, rule-16.3, rule-14.4, rule-1.3, rule-10.4, rule-10.3,
rule-10.7, rule-10.1, rule-10.6, and rule-18.1.
[2.0.2]
* Bug Fixes
— Fixed issues in functions TPM_SetupPwm/TPM_UpdateChnlEdgeLevelSelect
/TPM_SetupInputCapture/TPM_SetupOutputCompare/TPM_SetupDualEdgeCapture,
wait acknowledgement when the channel is disabled.
[2.0.1]
* Bug Fixes
— Fixed TPM_UpdateChnIEdgeLevelSelect ACK wait issue.
— Fixed the issue that TPM_SetupdualEdgeCapture could not set FILTER register.
— Fixed TPM_UpdateChnEdgeLevelSelect ACK wait issue.
[2.0.0]

« Initial version.
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TRDC

[2.2.2]
* Improvements
— Update APIs to check whether the memory access configuration can be updated.
— Update APIs to mask the MRC address since only high 18 bits are valid.

[2.2.1]
* Bug Fixes:
— Fix MISRA violations.
[2.2.0]

* New Features:

— Supported SoCs that do not have all TRDC modules.

[2.1.0]
* Bug Fixes:
— Fix MISRA violations.
— Fixed wrong operation of domain mask in TRDC_MbcNseClearAll and
TRDC_MrcDomainNseClear.
[2.0.0]

 Initial version.

TSTMR

[2.1.0]
* New Features
— Support configured clock frequency.
— Add TSTMR_Init and TSTMR_init APIs.
* Improvements

— Change TSTMR_DelayUs from static inline function to normal function.

[2.0.4]
* Bugfix
— Fix MISRA C-2012 Rule 10.4 and 14.4 issues.
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[2.0.3]
* Bugfix
— Fix CERT INT30-C that Unsigned integer operation TSTMR_ReadTimeStamp(base) -
startTime may wrap.
[2.0.2]

* Improvements
— Support 24MHz clock source.
* Bugfix
— Fix MISRA C-2012 Rule 10.4 issue.

— Read of TSTMR HIGH must follow TSTMR LOW atomically: require masking interrupt
around 2 LSB / MSB accesses.

[2.0.1]
* Bugfix
— Restrict to read with 32-hit accesses only.
— Restrict that TSTMR LOW read occurs first, followed by the TSTMR HIGH read.
[2.0.0]

 Initial version.

WDOG32

[2.2.1]
* Bug Fixes

— Fix CERT INT31-C that the bool value shall be converted to unsigned int 0 or 1 then
passed to registers.

— Fix MISRA 2012 20.3 vilation.

[2.2.0]
* Improvements

— Added while loop timeout config value for WDOG32 reconfiguration and unlock se-
quence.

— Change the return type of WDOG32_Init, WDOG32_Deinit and WDOG32_Unlock from
void to status_t.

[2.1.0]
* Improvements

— Release peripheral from reset if necessary in init function.
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[2.0.4]
* Improvements

— To ensure that the reconfiguration is inside 128 bus clocks unlock window, put all re-
configuration APIs in quick access code section.

[2.0.3]
* Bug Fixes
— Fixed the noncompliance issue of the reference document.
* Waited until for new configuration to take effect by checking the RCS bit field.
* Waited until for registers to be unlocked by checking the ULK bit field.
* Improvements

— Added 128 bus clocks delay ensures a smooth transition before restarting the counter
with the new configuration when there is no RCS status bit.

[2.0.2]
* Bug Fixes
— MISRA C-2012 issue fixed.
* Fixed rules, containing: rule-10.3, rule-14.4, rule-15.5.
— Fixed the issue of the inseparable process interrupted by other interrupt source.
* WDOG32_Refresh
[2.0.1]
* Bug Fixes
— WDOG must be configured within its configuration time period.
* Added WDOG32_Init API to quick access section.
* Defined register variable in WDOG32_Init API.
[2.0.0]

¢ Initial version.

1.6 Driver API Reference Manual

This section provides a link to the Driver API RM, detailing available drivers and their usage to
help you integrate hardware efficiently.

MIMX9322

1.7 Middleware Documentation

Find links to detailed middleware documentation for key components. While not all onboard
middleware is covered, this serves as a useful reference for configuration and development.
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1.7.1 Multicore

multicore

1.7.2 FreeMASTER

freemaster

1.7.3 FreeRTOS

FreeRTOS

1.7.4 1wIP

Iwip
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MIMX9322

2.1 eDMA: Enhanced Direct Memory Access (eDMA) Con-
troller Driver

void EDMA_ Init(EDMA_Type *base, const edma_config_t *config)
Initializes the eDMA peripheral.

This function ungates the eDMA clock and configures the eDMA peripheral according to the
configuration structure. All emda enabled request will be cleared in this function.

Note: This function enables the minor loop map feature.

Parameters
* base — eDMA peripheral base address.
* config — A pointer to the configuration structure, see “edma_config_t”.

void EDMA_ Deinit(EDMA_Type *base)
Deinitializes the eDMA peripheral.

This function gates the eDMA clock.
Parameters
* base — eDMA peripheral base address.

void EDMA_ InstallTCD(EDMA_Type *base, uint32_t channel, edma_tcd_t *tcd)
Push content of TCD structure into hardware TCD register.

Parameters
* base — EDMA peripheral base address.
¢ channel - EDMA channel number.
* tcd — Point to TCD structure.

void EDMA_ GetDefaultConfig(edma_config_t *config)
Gets the eDMA default configuration structure.

This function sets the configuration structure to default values. The default configuration
is set to the following values.
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config.enableContinuousLinkMode = false;
config.enableHaltOnError = true;
config.enableRoundRobinArbitration = false;
config.enableDebugMode = false;

Parameters
* config — A pointer to the eDMA configuration structure.

void EDMA_ ResetChannel(EDMA_Type *base, uint32_t channel)
Sets all TCD registers to default values.

This function sets TCD registers for this channel to default values.

Note: This function must not be called while the channel transfer is ongoing or it causes
unpredictable results.

Note: This function enables the auto stop request feature.

Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number.

void EDMA_ SetTransferConfig(EDMA_Type *base, uint32_t channel, const
edma_transfer_config t *config, edma_tcd_t *nextTcd)

Configures the eDMA transfer attribute.

This function configures the transfer attribute, including source address, destination ad-
dress, transfer size, address offset, and so on. It also configures the scatter gather feature
if the user supplies the TCD address. Example:

edma__transfer_t config;
edma_ ted_t ted;
config.srcAddr = ..;
config.destAddr = .;

EDMA_ SetTransferConfig(DMAOQ, channel, &config, &sted);

Note: If nextTcd is not NULL, it means scatter gather feature is enabled and DREQ bit is
cleared in the previous transfer configuration, which is set in the eDMA_ResetChannel.

Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number.
* config — Pointer to eDMA transfer configuration structure.

* nextTed — Point to TCD structure. It can be NULL if users do not want to
enable scatter/gather feature.

void EDMA_ SetMinorOffsetConfig(EDMA_Type *base, uint32_t channel, const
edma_minor_offset_config_t *config)

Configures the eDMA minor offset feature.
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The minor offset means that the signed-extended value is added to the source address or
destination address after each minor loop.

Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number.
* config — A pointer to the minor offset configuration structure.

void EDMA_SetChannelPreemptionConfig(EDMA_Type *base, uint32_t channel, const
edma_channel_Preemption_config t *config)

Configures the eDMA channel preemption feature.
This function configures the channel preemption attribute and the priority of the channel.
Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number
* config — A pointer to the channel preemption configuration structure.

void EDMA_ SetChannelLink(EDMA_Type *base, uint32_t channel, edma_channel_link_type_t
type, uint32_t linkedChannel)

Sets the channel link for the eDMA transfer.

This function configures either the minor link or the major link mode. The minor link
means that the channel link is triggered every time CITER decreases by 1. The major link
means that the channel link is triggered when the CITER is exhausted.

Note: Users should ensure that DONE flag is cleared before calling this interface, or the
configuration is invalid.

Parameters

* base — eDMA peripheral base address.

* channel — eDMA channel number.

* type — A channel link type, which can be one of the following:
— KEDMA_LinkNone
— KEDMA_MinorLink
— KEDMA_MajorLink

* linkedChannel — The linked channel number.

void EDMA_ SetModulo(EDMA_Type *base, uint32_t channel, edma_modulo_t srcModulo,
edma_modulo_t destModulo)

Sets the source modulo and the destination modulo for the eDMA transfer.

This function defines a specific address range specified to be the value after (SADDR +
SOFF)/(DADDR + DOFF) calculation is performed or the original register value. It provides
the ability to implement a circular data queue easily.

Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number.
* srcModulo — A source modulo value.

* destModulo — A destination modulo value.
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static inline void EDMA_ EnableAutoStopRequest(EDMA_Type *base, uint32_t channel, bool
enable)

Enables an auto stop request for the eDMA transfer.

If enabling the auto stop request, the eDMA hardware automatically disables the hardware
channel request.

Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number.
* enable — The command to enable (true) or disable (false).

void EDMA_ EnableChannellnterrupts(EDMA_Type *base, uint32_t channel, uint32_t mask)
Enables the interrupt source for the eDMA transfer.

Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number.

» mask—The mask of interrupt source to be set. Users need to use the defined
edma_interrupt_enable_t type.

void EDMA_ DisableChannelInterrupts(EDMA_Type *base, uint32_t channel, uint32_t mask)
Disables the interrupt source for the eDMA transfer.

Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number.

* mask — The mask of the interrupt source to be set. Use the defined
edma_interrupt_enable_t type.

void EDMA_ SetMajorOffsetConfig(EDMA_Type *base, uint32_t channel, int32_t sourceOffset,
int32_t destOffset)

Configures the eDMA channel TCD major offset feature.
Adjustment value added to the source address at the completion of the major iteration count
Parameters
* base — eDMA peripheral base address.
* channel — edma channel number.

* sourceOffset — source address offset will be applied to source address after
major loop done.

* destOffset — destination address offset will be applied to source address af-
ter major loop done.

void EDMA_ ConfigChannelSoftware TCD(edma_tcd_t *tcd, const edma_transfer_config t
*transfer)

Sets TCD fields according to the user’s channel transfer configuration structure,
edma_transfer_config t.

@Note This API only supports EDMA4 TCD type. It can be used to support all types with
extension API EDMA_ConfigChannelSoftwareTCDExt

Application should be careful about the TCD pool buffer storage class,
* For the platform has cache, the software TCD should be put in non cache section

* The TCD pool buffer should have a consistent storage class.
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Note: This function enables the auto stop request feature.

Parameters
* tcd — Pointer to the TCD structure.
* transfer — channel transfer configuration pointer.

void EDMA_TedReset(edma_ted_t *tcd)
Sets all fields to default values for the TCD structure.

@Note This API only supports EDMA4 TCD type. It can be used to support all types with
extension API EDMA_TcdResetExt

This function sets all fields for this TCD structure to default value.

Note: This function enables the auto stop request feature.

Parameters
* tcd — Pointer to the TCD structure.

void EDMA_ TedSetTransferConfig(edma_tcd_t *tcd, const edma_transfer_config_t *config,
edma_tcd_t *nextTcd)

Configures the eDMA TCD transfer attribute.

@Note This API only supports EDMA4 TCD type. It can be used to support all types with
extension API EDMA_TcdSetTransferConfigExt

The TCD is a transfer control descriptor. The content of the TCD is the same as the hardware
TCD registers. The TCD is used in the scatter-gather mode. This function configures the
TCD transfer attribute, including source address, destination address, transfer size, address
offset, and so on. It also configures the scatter gather feature if the user supplies the next
TCD address. Example:

edma_ transfer_t config = {
}
edma_tcd_t ted _ aligned(32);

edma_ tcd_t nextTed __ aligned(32);
EDMA_ TcdSetTransferConfig(&tcd, &config, &nextTed);

Note: TCD address should be 32 bytes aligned or it causes an eDMA error.

Note: If the nextTcd is not NULL, the scatter gather feature is enabled and DREQ bit is
cleared in the previous transfer configuration, which is set in the EDMA_TcdReset.

Parameters
* tcd — Pointer to the TCD structure.
* config — Pointer to eDMA transfer configuration structure.

* nextTced — Pointer to the next TCD structure. It can be NULL if users do not
want to enable scatter/gather feature.
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void EDMA_ TedSetMinorOffsetConfig(edma_tcd_t *tcd, const edma_minor_offset_config t
*config)

Configures the eDMA TCD minor offset feature.

@Note This API only supports EDMA4 TCD type. It can be used to support all types with
extension API EDMA_TcdSetMinorOffsetConfigExt

A minor offset is a signed-extended value added to the source address or a destination ad-
dress after each minor loop.

Parameters
* tcd — A point to the TCD structure.
* config — A pointer to the minor offset configuration structure.

void EDMA_ TedSetChannelLink(edma_tcd_t *tcd, edma_channel_link_type_t type, uint32_t
linkedChannel)

Sets the channel link for the eDMA TCD.

@Note This API only supports EDMA4 TCD type. It can be used to support all types with
extension API EDMA_TcdSetChannelLinkExt

This function configures either a minor link or a major link. The minor link means the
channel link is triggered every time CITER decreases by 1. The major link means that the
channel link is triggered when the CITER is exhausted.

Note: Users should ensure that DONE flag is cleared before calling this interface, or the
configuration is invalid.

Parameters
* tcd — Point to the TCD structure.
* type — Channel link type, it can be one of:
— KEDMA_LinkNone
— kEDMA_MinorLink
— KEDMA_MajorLink
¢ linkedChannel — The linked channel number.

void EDMA_ TedSetModulo(edma_tcd_t *tcd, edma_modulo_t srcModulo, edma_modulo_t
destModulo)

Sets the source modulo and the destination modulo for the eDMA TCD.

@Note This API only supports EDMA4 TCD type. It can be used to support all types with
extension API EDMA_TcdSetModuloExt

This function defines a specific address range specified to be the value after (SADDR +
SOFF)/(DADDR + DOFF) calculation is performed or the original register value. It provides
the ability to implement a circular data queue easily.

Parameters
* tcd — A pointer to the TCD structure.
* srcModulo — A source modulo value.

* destModulo — A destination modulo value.

152 Chapter 2. MIMX9322



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

static inline void EDMA_ TcdEnableAutoStopRequest(edma_tcd_t *tcd, bool enable)
Sets the auto stop request for the eDMA TCD.

@Note This API only supports EDMA4 TCD type. It can be used to support all types with
extension API EDMA_TcdEnableAutoStopRequestExt

If enabling the auto stop request, the eDMA hardware automatically disables the hardware
channel request.

Parameters
* tcd — A pointer to the TCD structure.
* enable — The command to enable (true) or disable (false).

void EDMA_ TedEnablelnterrupts(edma_tcd_t *tcd, uint32_t mask)
Enables the interrupt source for the eDMA TCD.

@Note This API only supports EDMA4 TCD type. It can be used to support all types with
extension API EDMA_TcdEnableInterruptsExt

Parameters
* tcd — Point to the TCD structure.

» mask — The mask of interrupt source to be set. Users need to use the defined
edma_interrupt_enable_t type.

void EDMA_ TedDisablelnterrupts(edma_tcd_t *tcd, uint32_t mask)
Disables the interrupt source for the eDMA TCD.

@Note This API only supports EDMA4 TCD type. It can be used to support all types with
extension API EDMA_TcdDisableInterruptsExt

Parameters
* tcd — Point to the TCD structure.

» mask — The mask of interrupt source to be set. Users need to use the defined
edma_interrupt_enable_t type.

void EDMA_ TedSetMajorOffsetConfig(edma_tcd_t *tcd, int32_t sourceOffset, int32_t destOffset)
Configures the eDMA TCD major offset feature.

@Note This API only supports EDMA4 TCD type. It can be used to support all types with
extension API EDMA_TcdSetMajorOffsetConfigExt

Adjustment value added to the source address at the completion of the major iteration count
Parameters
* tcd — A point to the TCD structure.

* sourceOffset — source address offset wiil be applied to source address after
major loop done.

* destOffset — destination address offset will be applied to source address af-
ter major loop done.

void EDMA_ ConfigChannelSoftware TCDExt(EDMA_Type *base, edma_tcd_t *tcd, const
edma_transfer_config_t *transfer)

Sets TCD fields according to the user’s channel transfer configuration structure,
edma_transfer_config t.

Application should be careful about the TCD pool buffer storage class,
* For the platform has cache, the software TCD should be put in non cache section

* The TCD pool buffer should have a consistent storage class.
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Note: This function enables the auto stop request feature.

Parameters
* base — eDMA peripheral base address.
* tcd — Pointer to the TCD structure.
* transfer — channel transfer configuration pointer.

void EDMA_ TedResetExt(EDMA_Type *base, edma_tcd_t *tcd)
Sets all fields to default values for the TCD structure.

This function sets all fields for this TCD structure to default value.

Note: This function enables the auto stop request feature.

Parameters
* base — eDMA peripheral base address.
* tcd — Pointer to the TCD structure.

void EDMA_ TedSetTransferConfigExt(EDMA_Type *base, edma_tcd_t *tcd, const
edma_transfer_config_t *config, edma_tcd_t *nextTcd)

Configures the eDMA TCD transfer attribute.

The TCD is a transfer control descriptor. The content of the TCD is the same as the hardware
TCD registers. The TCD is used in the scatter-gather mode. This function configures the
TCD transfer attribute, including source address, destination address, transfer size, address
offset, and so on. It also configures the scatter gather feature if the user supplies the next
TCD address. Example:

edma__ transfer_t config = {
}
edma_ tcd_t ted ___ aligned(32);

edma_tcd_t nextTed __ aligned(32);
EDMA_ TcdSetTransferConfig(&ted, &config, &nextTed);

Note: TCD address should be 32 bytes aligned or it causes an eDMA error.

Note: If the nextTcd is not NULL, the scatter gather feature is enabled and DREQ bit is
cleared in the previous transfer configuration, which is set in the EDMA_TcdReset.

Parameters
* base — eDMA peripheral base address.
* tcd — Pointer to the TCD structure.
* config — Pointer to eDMA transfer configuration structure.

* nextTcd — Pointer to the next TCD structure. It can be NULL if users do not
want to enable scatter/gather feature.
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void EDMA_ TedSetMinorOffsetConfigExt(EDMA_Type *base, edma_tcd_t *tcd, const
edma_minor._offset_config_t *config)

Configures the eDMA TCD minor offset feature.

A minor offset is a signed-extended value added to the source address or a destination ad-
dress after each minor loop.

Parameters
* base — eDMA peripheral base address.
* tcd — A point to the TCD structure.
* config — A pointer to the minor offset configuration structure.

void EDMA_ TedSetChannelLinkExt(EDMA_Type *base, edma_tcd_t *tcd,
edma_channel_link_type_t type, uint32_t linkedChannel)

Sets the channel link for the eDMA TCD.
This function configures either a minor link or a major link. The minor link means the

channel link is triggered every time CITER decreases by 1. The major link means that the
channel link is triggered when the CITER is exhausted.

Note: Users should ensure that DONE flag is cleared before calling this interface, or the
configuration is invalid.

Parameters
* base — eDMA peripheral base address.
* tcd — Point to the TCD structure.
* type — Channel link type, it can be one of:
— KEDMA_LinkNone
— KEDMA_MinorLink
- KEDMA_MajorLink
* linkedChannel — The linked channel number.

void EDMA_ TedSetModuloExt(EDMA_Type *base, edma_tcd_t *tcd, edma_modulo_t srcModulo,
edma_modulo_t destModulo)

Sets the source modulo and the destination modulo for the eDMA TCD.

This function defines a specific address range specified to be the value after (SADDR +
SOFF)/(DADDR + DOFF) calculation is performed or the original register value. It provides
the ability to implement a circular data queue easily.

Parameters
* base — eDMA peripheral base address.
* tcd — A pointer to the TCD structure.
* srcModulo — A source modulo value.
* destModulo — A destination modulo value.

static inline void EDMA_ TcdEnableAutoStopRequestExt(EDMA_Type *base, edma_tcd_t *tcd,
bool enable)

Sets the auto stop request for the eDMA TCD.

If enabling the auto stop request, the eDMA hardware automatically disables the hardware
channel request.
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Parameters
* base — eDMA peripheral base address.
* tcd — A pointer to the TCD structure.
* enable — The command to enable (true) or disable (false).

void EDMA_ TedEnableInterruptsExt(EDMA_Type *base, edma_tcd_t *tcd, uint32_t mask)
Enables the interrupt source for the eDMA TCD.

Parameters
* base — eDMA peripheral base address.
* tcd — Point to the TCD structure.

» mask —The mask of interrupt source to be set. Users need to use the defined
edma_interrupt_enable_t type.

void EDMA_ TedDisableInterruptsExt(EDMA_Type *base, edma_tcd_t *tcd, uint32_t mask)
Disables the interrupt source for the eDMA TCD.

Parameters
* base — eDMA peripheral base address.
* tcd — Point to the TCD structure.

» mask — The mask of interrupt source to be set. Users need to use the defined
edma_interrupt_enable_t type.

void EDMA_ TedSetMajorOffsetConfigExt(EDMA_Type *base, edma_tcd_t *tcd, int32_t
sourceOffset, int32_t destOffset)

Configures the eDMA TCD major offset feature.
Adjustment value added to the source address at the completion of the major iteration count
Parameters
* base — eDMA peripheral base address.
* tcd — A point to the TCD structure.

* sourceOffset — source address offset wiil be applied to source address after
major loop done.

destOffset — destination address offset will be applied to source address af-
ter major loop done.

static inline void EDMA__ EnableChannelRequest(EDMA_Type *base, uint32_t channel)
Enables the eDMA hardware channel request.

This function enables the hardware channel request.
Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number.

static inline void EDMA_ DisableChannelRequest(EDMA_Type *base, uint32_t channel)
Disables the eDMA hardware channel request.

This function disables the hardware channel request.
Parameters
* base — eDMA peripheral base address.

* channel — eDMA channel number.
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static inline void EDMA_ TriggerChannelStart(EDMA_Type *base, uint32_t channel)
Starts the eDMA transfer by using the software trigger.

This function starts a minor loop transfer.
Parameters
* base — eDMA peripheral base address.
* channel - eDMA channel number.

uint32_t EDMA_ GetRemainingMajorLoopCount(EDMA_Type *base, uint32_t channel)
Gets the remaining major loop count from the eDMA current channel TCD.

This function checks the TCD (Task Control Descriptor) status for a specified eDMA channel
and returns the number of major loop count that has not finished.

Note: 1. This function can only be used to get unfinished major loop count of transfer
without the next TCD, or it might be inaccuracy.

a. The unfinished/remaining transfer bytes cannot be obtained directly from registers
while the channel is running. Because to calculate the remaining bytes, the initial
NBYTES configured in DMA_TCDn_NBYTES_MLNO register is needed while the eDMA
IP does not support getting it while a channel is active. In another word, the NBYTES
value reading is always the actual (decrementing) NBYTES value the dma_engine is
working with while a channel is running. Consequently, to get the remaining transfer
bytes, a software-saved initial value of NBYTES (for example copied before enabling
the channel) is needed. The formula to calculate it is shown below: RemainingBytes =
RemainingMajorLoopCount * NBYTES(initially configured)

Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number.

Returns
Major loop count which has not been transferred yet for the current TCD.

static inline uint32_t EDMA_ GetErrorStatusFlags(EDMA_Type *base)
Gets the eDMA channel error status flags.

Parameters
* base — eDMA peripheral base address.

Returns
The mask of error status flags. Users need to use the _edma_error_status_flags
type to decode the return variables.

uint32_t EDMA_ GetChannelStatusFlags(EDMA_Type *base, uint32_t channel)
Gets the eDMA channel status flags.

Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number.

Returns
The mask of channel status flags. Users need to use the
_edma_channel_status_flags type to decode the return variables.
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void EDMA_ ClearChannelStatusFlags(EDMA_Type *base, uint32_t channel, uint32_t mask)
Clears the eDMA channel status flags.

Parameters
* base — eDMA peripheral base address.
* channel — eDMA channel number.

* mask — The mask of channel status to be cleared. Users need to use the
defined _edma_channel_status_flags type.

status_t EDMA_ CreateHandle(edma_handle_t *handle, EDMA_Type *base, uint32_t channel)
Creates the eDMA handle.

This function is called if using the transactional API for eDMA. This function initializes the
internal state of the eDMA handle.

Parameters

* handle — eDMA handle pointer. The eDMA handle stores callback function
and parameters.

* base — eDMA peripheral base address.

* channel — eDMA channel number.
Return values

e kStatus_ Success —

* kStatus_ InvalidArgument —

void EDMA_ InstallTCDMemory(edma_handle_t *handle, edma_tcd_t *tcdPool, uint32_t tcdSize)
Installs the TCDs memory pool into the eDMA handle.

This function is called after the EDMA_CreateHandle to use scatter/gather feature. This
function shall only be used while users need to use scatter gather mode. Scatter gather
mode enables EDMA to load a new transfer control block (tcd) in hardware, and automati-
cally reconfigure that DMA channel for a new transfer. Users need to prepare tcd memory
and also configure tcds using interface EDMA_SubmitTransfer.

Parameters
* handle — eDMA handle pointer.
* tcdPool — A memory pool to store TCDs. It must be 32 bytes aligned.
* tcdSize — The number of TCD slots.

void EDMA_ SetCallback(edma_handle_t *handle, edma_callback callback, void *userData)
Installs a callback function for the eDMA transfer.

This callback is called in the eDMA IRQ handler. Use the callback to do something after
the current major loop transfer completes. This function will be called every time one tcd
finished transfer.

Parameters
* handle — eDMA handle pointer.
* callback — eDMA callback function pointer.
* userData — A parameter for the callback function.

void EDMA_ PrepareTransferConfig(edma_transfer_config_t *config, void *srcAddr, uint32_t
srcWidth, int16_t srcOffset, void *destAddr, uint32_t
destWidth, int16_t destOffset, uint32_t bytesEachRequest,
uint32_t transferBytes)
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Prepares the eDMA transfer structure configurations.

This function prepares the transfer configuration structure according to the user input.

Note: The data address and the data width must be consistent. For example, if the
SRC is 4 bytes, the source address must be 4 bytes aligned, or it results in source ad-
dress error (SAE). User can check if 128 bytes support is available for specific instance by
FSL._FEATURE_EDMA_INSTANCE_SUPPORT_128_BYTES_TRANSFERN.

Parameters
* config — The user configuration structure of type edma_transfer_t.
* srcAddr — eDMA transfer source address.
» srcWidth — eDMA transfer source address width(bytes).
* srcOffset — source address offset.
* destAddr — eDMA transfer destination address.
* destWidth — eDMA transfer destination address width(bytes).
¢ destOffset — destination address offset.
* bytesEachRequest — eDMA transfer bytes per channel request.
* transferBytes — eDMA transfer bytes to be transferred.

void EDMA_ PrepareTransfer(edma_transfer_config_t *config, void *srcAddr, uint32_t srcWidth,
void *destAddr, uint32_t destWidth, uint32_t bytesEachRequest,
uint32_t transferBytes, edma_transfer_type_t type)

Prepares the eDMA transfer structure.

This function prepares the transfer configuration structure according to the user input.

Note: The data address and the data width must be consistent. For example, if the SRC
is 4 bytes, the source address must be 4 bytes aligned, or it results in source address error
(SAE).

Parameters
* config — The user configuration structure of type edma_transfer_t.
¢ srcAddr — eDMA transfer source address.
* srcWidth — eDMA transfer source address width(bytes).
* destAddr — eDMA transfer destination address.
* destWidth — eDMA transfer destination address width(bytes).
* bytesEachRequest — eDMA transfer bytes per channel request.
¢ transferBytes — eDMA transfer bytes to be transferred.
* type — eDMA transfer type.

void EDMA_ PrepareTransferTCD(edma_handle_t *handle, edma tcd_t *tcd, void *srcAddr,
uint32_t srcWidth, int16_t srcOffset, void *destAddr, uint32_t
destWidth, int16_t destOffset, uint32_t bytesEachRequest,
uint32_t transferBytes, edma_tcd_t *nextTcd)
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Prepares the eDMA transfer content descriptor.

This function prepares the transfer content descriptor structure according to the user input.

Note: The data address and the data width must be consistent. For example, if the SRC
is 4 bytes, the source address must be 4 bytes aligned, or it results in source address error
(SAE).

Parameters
* handle — eDMA handle pointer.
* tcd — Pointer to eDMA transfer content descriptor structure.
* srcAddr — eDMA transfer source address.
» srcWidth — eDMA transfer source address width(bytes).
* srcOffset — source address offset.
* destAddr — eDMA transfer destination address.
* destWidth — eDMA transfer destination address width(bytes).
* destOffset — destination address offset.
* bytesEachRequest — eDMA transfer bytes per channel request.
* transferBytes — eDMA transfer bytes to be transferred.
* nextTed — eDMA transfer linked TCD address.

status_t EDMA_ SubmitTransferTCD(edma_handle_t *handle, edma_tcd_t *tcd)

Submits the eDMA transfer content descriptor.

This function submits the eDMA transfer request according to the transfer content descrip-
tor. In scatter gather mode, call this function will add a configured tcd to the circular list of
tcd pool. The tcd pools is setup by call function EDMA_InstallTCDMemory before.

Typical user case:

a. submit single transfer

edma_ ted_t ted;

EDMA_ PrepareTransferTCD (handle, tcd, ....)
EDMA _ SubmitTransferTCD (handle, tcd)
EDMA _ StartTransfer (handle)

b. submit static link transfer,

edma_ tcd__t ted[2];

EDMA_ PrepareTransferTCD(handle, &ted[0], ....)
EDMA _ PrepareTransferTCD(handle, &ted[1], ....)
EDMA_SubmitTransferTCD (handle, &ted[0])
EDMA _ StartTransfer(handle)

c. submit dynamic link transfer

edma_ tcd_t tcdpool[2];
EDMA_ InstallTCDMemory(&g_DMA_Handle, tcdpool, 2);
edma_ ted_t ted;
EDMA_ PrepareTransferTCD(handle, ted, ....)
EDMA_SubmitTransferTCD (handle, tcd)
EDMA _ PrepareTransferTCD(handle, ted, ....)
(continues on next page)
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(continued from previous page)

EDMA_SubmitTransferTCD (handle, tcd)
EDMA _ StartTransfer(handle)

d. submit loop transfer

edma_ tcd__t ted[2];

EDMA _PrepareTransferTCD(handle, &ted[0], ...,&tcd[1])
EDMA _ PrepareTransferTCD(handle, &ted[1], ..., &ted[0])
EDMA_ SubmitTransferTCD (handle, &tcd[0])

EDMA _ StartTransfer(handle)

Parameters

* handle — eDMA handle pointer.

* tcd — Pointer to eDMA transfer content descriptor structure.
Return values

* kStatus. EDMA_ Success — It means submit transfer request succeed.

* kStatus_ EDMA_ QueueFull - It means TCD queue is full. Submit transfer
request is not allowed.

* kStatus. EDMA _Busy — It means the given channel is busy, need to submit
request later.

status_t EDMA__SubmitTransfer(edma_handle_t *handle, const edma_transfer_config_t *config)
Submits the eDMA transfer request.

This function submits the eDMA transfer request according to the transfer configuration
structure. In scatter gather mode, call this function will add a configured tcd to the circular
list of tcd pool. The tcd pools is setup by call function EDMA_InstallTCDMemory before.

Parameters
* handle - eDMA handle pointer.
* config — Pointer to eDMA transfer configuration structure.
Return values
* kStatus. EDMA_ Success — It means submit transfer request succeed.

* kStatus_ EDMA_ QueueFull - It means TCD queue is full. Submit transfer
request is not allowed.

* kStatus. EDMA _Busy — It means the given channel is busy, need to submit
request later.

status_t EDMA_ SubmitLoopTransfer(edma_handle_t *handle, edma_transfer_config_t *transfer,
uint32_t transferLoopCount)

Submits the eDMA scatter gather transfer configurations.

The function is target for submit loop transfer request, the ring transfer request means that
the transfer request TAIL is link to HEAD, such as, A->B->C->D->A, or A->A

To use the ring transfer feature, the application should allocate several transfer object, such
as

edma_channel transfer config t transfer[2];
EDMA_ TransferSubmitLoopTransfer(psHandle, &transfer, 2U);

Then eDMA driver will link transfer[0] and transfer[1] to each other
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Note: Application should check the return value of this function to avoid transfer request
submit failed

Parameters
* handle — eDMA handle pointer

* transfer — pointer to user’s eDMA channel configure structure, see
edma_channel_transfer_config_t for detail

* transferLoopCount — the count of the transfer ring, if loop count is 1, that
means that the one will link to itself.

Return values
* kStatus_ Success — It means submit transfer request succeed
* kStatus_ EDMA_ Busy — channel is in busy status
* kStatus_ InvalidArgument — Invalid Argument

void EDMA _ StartTransfer(edma_handle_t *handle)
eDMA starts transfer.

This function enables the channel request. Users can call this function after submitting the
transfer request or before submitting the transfer request.

Parameters
* handle — eDMA handle pointer.

void EDMA _ StopTransfer(edma_handle_t *handle)
eDMA stops transfer.

This function disables the channel request to pause the transfer. Users can call
EDMA_StartTransfer() again to resume the transfer.

Parameters
* handle - eDMA handle pointer.

void EDMA_ AbortTransfer(edma_handle_t *handle)
eDMA aborts transfer.

This function disables the channel request and clear transfer status bits. Users can submit
another transfer after calling this APL

Parameters
* handle - DMA handle pointer.

static inline uint32_t EDMA_ GetUnusedTCDNumber(edma_handle_t *handle)
Get unused TCD slot number.

This function gets current tcd index which is run. If the TCD pool pointer is NULL, it will
return 0.

Parameters
* handle - DMA handle pointer.

Returns
The unused tcd slot number.

static inline uint32_t EDMA_GetNextTCDAddress(edma_handle_t *handle)
Get the next tcd address.

This function gets the next tcd address. If this is last TCD, return 0.
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Parameters
* handle - DMA handle pointer.

Returns
The next TCD address.
void EDMA_ HandleIRQ(edma_handle_t *handle)
eDMA IRQ handler for the current major loop transfer completion.

This function clears the channel major interrupt flag and calls the callback function if it is
not NULL.

Note: For the case using TCD queue, when the major iteration count is exhausted, additional
operations are performed. These include the final address adjustments and reloading of
the BITER field into the CITER. Assertion of an optional interrupt request also occurs at this
time, as does a possible fetch of a new TCD from memory using the scatter/gather address
pointer included in the descriptor (if scatter/gather is enabled).

For instance, when the time interrupt of TCD[0] happens, the TCD[1] has already been
loaded into the eDMA engine. As sga and sga_index are calculated based on the DLAST_SGA
bitfield lies in the TCD_CSR register; the sga_index in this case should be 2 (DLAST_SGA of
TCD[1] stores the address of TCD[2]). Thus, the “tcdUsed” updated should be (tcdUsed - 2U)
which indicates the number of TCDs can be loaded in the memory pool (because TCD[O0]
and TCD[1] have been loaded into the eDMA engine at this point already.).

For the last two continuous ISRs in a scatter/gather process, they both load the last TCD (The
last ISR does not load a new TCD) from the memory pool to the eDMA engine when major
loop completes. Therefore, ensure that the header and tcdUsed updated are identical for
them. tcdUsed are both 0 in this case as no TCD to be loaded.

See the “eDMA basic data flow” in the eDMA Functional description section of the Reference
Manual for further details.

Parameters
* handle — eDMA handle pointer.

FSL _EDMA_ DRIVER_ VERSION
eDMA driver version

Version 2.10.7.

_edma_transfer_status eDMA transfer status
Values:

enumerator kStatus_ EDMA__ QueueFull
TCD queue is full.

enumerator kStatus_ EDMA_ Busy
Channel is busy and can’t handle the transfer request.

enum _edma_transfer size
eDMA transfer configuration

Values:

enumerator kEDMA_TransferSizelBytes
Source/Destination data transfer size is 1 byte every time

enumerator kEDMA_TransferSize2Bytes
Source/Destination data transfer size is 2 bytes every time
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enumerator kEDMA_ TransferSize4Bytes
Source/Destination data transfer size is 4 bytes every time

enumerator kEDMA_ TransferSize32Bytes
Source/Destination data transfer size is 32 bytes every time

enum edma_modulo

eDMA modulo configuration
Values:
enumerator kEDMA_ ModuloDisable
Disable modulo
enumerator kEDMA_ Modulo2bytes
Circular buffer size is 2 bytes.
enumerator kEDMA_ Modulo4bytes
Circular buffer size is 4 bytes.
enumerator kEDMA_Modulo8bytes
Circular buffer size is 8 bytes.
enumerator kEDMA_ Modulol6bytes
Circular buffer size is 16 bytes.
enumerator kEDMA_Modulo32bytes
Circular buffer size is 32 bytes.
enumerator kEDMA_ Modulo64bytes
Circular buffer size is 64 bytes.
enumerator kEDMA_ Modulo128bytes
Circular buffer size is 128 bytes.
enumerator kEDMA_ Modulo256bytes
Circular buffer size is 256 bytes.
enumerator kEDMA_ Modulo512bytes
Circular buffer size is 512 bytes.
enumerator kEDMA_ Modulo1Kbytes
Circular buffer size is 1 K bytes.
enumerator kEDMA_ Modulo2Kbytes
Circular buffer size is 2 K bytes.
enumerator kEDMA_ Modulo4Kbytes
Circular buffer size is 4 K bytes.
enumerator kEDMA_ Modulo8Kbytes
Circular buffer size is 8 K bytes.
enumerator kEDMA_ Modulo16Kbytes
Circular buffer size is 16 K bytes.
enumerator kEDMA_Modulo32Kbytes
Circular buffer size is 32 K bytes.

enumerator kEDMA_Modulo64Kbytes
Circular buffer size is 64 K bytes.
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enumerator kEDMA_Modulo128Kbytes
Circular buffer size is 128 K bytes.

enumerator kEDMA_Modulo256Kbytes
Circular buffer size is 256 K bytes.
enumerator kEDMA_Modulo512Kbytes
Circular buffer size is 512 K bytes.
enumerator kEDMA_ModulolMbytes
Circular buffer size is 1 M bytes.
enumerator kEDMA_Modulo2Mbytes
Circular buffer size is 2 M bytes.
enumerator kEDMA_Modulo4Mbytes
Circular buffer size is 4 M bytes.
enumerator kEDMA_Modulo8Mbytes
Circular buffer size is 8 M bytes.
enumerator kEDMA_Modulo16Mbytes
Circular buffer size is 16 M bytes.
enumerator kEDMA_Modulo32Mbytes
Circular buffer size is 32 M bytes.
enumerator kEDMA_Modulo64Mbytes
Circular buffer size is 64 M bytes.
enumerator kEDMA_Modulo128Mbytes
Circular buffer size is 128 M bytes.
enumerator kEDMA_Modulo256Mbytes
Circular buffer size is 256 M bytes.
enumerator kEDMA_Modulo512Mbytes
Circular buffer size is 512 M bytes.
enumerator kEDMA_ModulolGbytes
Circular buffer size is 1 G bytes.
enumerator kEDMA_Modulo2Gbytes
Circular buffer size is 2 G bytes.
enum _edma_ channel link type
Channel link type.
Values:
enumerator kEDMA_LinkNone
No channel link
enumerator kEDMA_MinorLink
Channel link after each minor loop

enumerator kEDMA_ MajorLink
Channel link while major loop count exhausted

_edma_channel_status_flags eDMA channel status flags.

Values:
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enumerator kEDMA_ DoneFlag
DONE flag, set while transfer finished, CITER value exhausted

enumerator kEDMA_ ErrorFlag
eDMA error flag, an error occurred in a transfer

enumerator kEDMA_ InterruptFlag
eDMA interrupt flag, set while an interrupt occurred of this channel

_edma_error_status_flags eDMA channel error status flags.
Values:

enumerator kEDMA_ DestinationBusErrorFlag
Bus error on destination address

enumerator kEDMA_ SourceBusErrorFlag
Bus error on the source address

enumerator kKEDMA_ ScatterGatherErrorFlag
Error on the Scatter/Gather address, not 32byte aligned.

enumerator kEDMA_ NbytesErrorFlag
NBYTES/CITER configuration error

enumerator kEDMA_ DestinationOffsetErrorFlag
Destination offset not aligned with destination size

enumerator kEDMA_ DestinationAddressErrorFlag
Destination address not aligned with destination size

enumerator kEDMA_ SourceOffsetErrorFlag
Source offset not aligned with source size

enumerator kEDMA_ SourceAddressErrorFlag
Source address not aligned with source size

enumerator kEDMA_ ErrorChannelFlag
Error channel number of the cancelled channel number

enumerator kEDMA_ TransferCanceledFlag
Transfer cancelled

enumerator kEDMA_ ValidFlag
No error occurred, this bit is 0. Otherwise, it is 1.

_edma_interrupt_enable eDMA interrupt source
Values:

enumerator kEDMA __ErrorInterruptEnable
Enable interrupt while channel error occurs.

enumerator kEDMA_MajorInterruptEnable
Enable interrupt while major count exhausted.

enumerator kEDMA _HalfInterruptEnable
Enable interrupt while major count to half value.

enum _ edma_ transfer type
eDMA transfer type

Values:
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enumerator kEDMA_MemoryToMemory
Transfer from memory to memory

enumerator kEDMA_ Peripheral ToMemory
Transfer from peripheral to memory

enumerator kEDMA_MemoryToPeripheral
Transfer from memory to peripheral

enumerator kEDMA_ PeripheralToPeripheral
Transfer from Peripheral to peripheral

typedef enum _edma_transfer_size edma_ transfer_ size_t
eDMA transfer configuration

typedef enum _edma_modulo edma_modulo_t
eDMA modulo configuration

typedef enum _edma_channel _link_type edma_ channel_link_ type_t
Channel link type.

typedef enum _edma_transfer_type edma_ transfer_ type_t
eDMA transfer type

typedef struct _edma_channel Preemption_config edma_ channel Preemption config t
eDMA channel priority configuration

typedef struct _edma_minor_offset_config edma_ minor_ offset_ config_t
eDMA minor offset configuration

typedef edma_core_tcd_t edma_ ted_t
eDMA TCD.

This structure is same as TCD register which is described in reference manual, and is used
to configure the scatter/gather feature as a next hardware TCD.

typedef struct _edma_transfer_config edma_ transfer config t
edma4 channel transfer configuration

The transfer configuration structure support full feature configuration of the transfer con-
trol descriptor.

1.To perform a simple transfer, below members should be initialized at least .srcAddr -
source address .dstAddr - destination address .srccWidthOfEachTransfer - data width of
source address .dstWidthOfEachTransfer - data width of destination address, normally it
should be as same as srcWidthOfEachTransfer .bytesEachRequest - bytes to be transferred
in each DMA request .totalBytes - total bytes to be transferred .srcOffsetOfEachTransfer -
offset value in bytes unit to be applied to source address as each source read is completed
.dstOffsetOfEachTransfer - offset value in bytes unit to be applied to destination address as
each destination write is completed enablchannelRequest - channel request can be enabled
together with transfer configure submission

2The transfer configuration structure also support advance feature: Programmable
source/destination address range(MODULO) Programmable minor loop offset Pro-
grammable major loop offset Programmable channel chain feature Programmable channel
transfer control descriptor link feature

Note: User should pay attention to the transfer size alignment limitation

a. the bytesEachRequest should align with the srcWidthOfEachTransfer and the dst-
WidthOfEachTransfer that is to say bytesEachRequest % srcWidthOfEachTransfer
should be 0
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b. the srcOffsetOfEachTransfer and dstOffsetOfEachTransfer must be aligne with trans-
fer width

g

the totalBytes should align with the bytesEachRequest

the srcAddr should align with the srcWidthOfEachTransfer

e. the dstAddr should align with the dstWidthOfEachTransfer

the srcAddr should align with srcAddrModulo if modulo feature is enabled

e

]

g. the dstAddr should align with dstAddrModulo if modulo feature is enabled If anyone
of above condition can not be satisfied, the edma4 interfaces will generate assert error.

typedef struct _edma_config edma_ config_t
eDMA global configuration structure.
typedef void (fedma_ callback)(struct_edma_handle *handle, void *userData, bool transferDone,
uint32_t tcds)
Define callback function for eDMA.
This callback function is called in the EDMA interrupt handle. In normal mode, run into
callback function means the transfer users need is done. In scatter gather mode, run into

callback function means a transfer control block (tcd) is finished. Not all transfer finished,
users can get the finished tcd numbers using interface EDMA_GetUnusedTCDNumber.

Param handle
EDMA handle pointer, users shall not touch the values inside.

Param userData
The callback user parameter pointer. Users can use this parameter to involve
things users need to change in EDMA callback function.

Param transferDone
If the current loaded transfer done. In normal mode it means if all transfer
done. In scatter gather mode, this parameter shows is the current transfer
block in EDMA register is done. As the load of core is different, it will be dif-
ferent if the new tcd loaded into EDMA registers while this callback called. If
true, it always means new tcd still not loaded into registers, while false means
new tcd already loaded into registers.

Param tcds
How many tcds are done from the last callback. This parameter only used in
scatter gather mode. It tells user how many tcds are finished between the last
callback and this.

typedef struct _edma_handle edma_handle_ t
eDMA transfer handle structure
FSL_ _EDMA_ DRIVER EDMA4
eDMA driver name
EDMA_ALLOCATE_TCD(name, number)
Macro used for allocate edma TCD.
DMA_DCHPRI_INDEX(channel)
Compute the offset unit from DCHPRIS.

struct _edma_ channel Preemption_ config
#include <fsl_edma.h> eDMA channel priority configuration
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Public Members

bool enableChannelPreemption
If true: a channel can be suspended by other channel with higher priority

bool enablePreemptAbility
If true: a channel can suspend other channel with low priority

uint8_t channelPriority
Channel priority

struct _edma_ minor_offset_ config
#include <fsl_edma.h> eDMA minor offset configuration

Public Members

bool enableSrcMinorOffset
Enable(true) or Disable(false) source minor loop offset.

bool enableDestMinorOffset
Enable(true) or Disable(false) destination minor loop offset.

uint32_t minorOffset
Offset for a minor loop mapping.

struct _edma,_ transfer_config
#include <fsl_edma.h> edma4 channel transfer configuration

The transfer configuration structure support full feature configuration of the transfer con-
trol descriptor.

1.To perform a simple transfer, below members should be initialized at least .srcAddr -
source address .dstAddr - destination address .srcWidthOfEachTransfer - data width of
source address .dstWidthOfEachTransfer - data width of destination address, normally it
should be as same as srcWidthOfEachTransfer .bytesEachRequest - bytes to be transferred
in each DMA request .totalBytes - total bytes to be transferred .srcOffsetOfEachTransfer -
offset value in bytes unit to be applied to source address as each source read is completed
.dstOffsetOfEachTransfer - offset value in bytes unit to be applied to destination address as
each destination write is completed enablchannelRequest - channel request can be enabled
together with transfer configure submission

2.The transfer configuration structure also support advance feature: Programmable
source/destination address range(MODULO) Programmable minor loop offset Pro-
grammable major loop offset Programmable channel chain feature Programmable channel
transfer control descriptor link feature

Note: User should pay attention to the transfer size alignment limitation

a. the bytesEachRequest should align with the srcWidthOfEachTransfer and the dst-
WidthOfEachTransfer that is to say bytesEachRequest % srcWidthOfEachTransfer
should be 0

b. the srcOffsetOfEachTransfer and dstOffsetOfEachTransfer must be aligne with trans-
fer width

c. the totalBytes should align with the bytesEachRequest

d. the srcAddr should align with the srcWidthOfEachTransfer

e. the dstAddr should align with the dstWidthOfEachTransfer

f. the srcAddr should align with srcAddrModulo if modulo feature is enabled

2.1. eDMA: Enhanced Direct Memory Access (eDMA) Controller Driver 169



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

g. the dstAddr should align with dstAddrModulo if modulo feature is enabled If anyone
of above condition can not be satisfied, the edma4 interfaces will generate assert error.

Public Members

uint32_t srcAddr
Source data address.
uint32_t destAddr
Destination data address.
edma_transfer_size_t srcTransferSize
Source data transfer size.
edma_transfer_size_t destTransferSize
Destination data transfer size.
int16_t srcOffset

Sign-extended offset value in byte unit applied to the current source address to form
the next-state value as each source read is completed

int16_t destOffset
Sign-extended offset value in byte unit applied to the current destination address to
form the next-state value as each destination write is completed.

uint32_t minorLoopBytes

bytes in each minor loop or each request range: 1 - (2430 -1) when minor loop mapping
is enabled range: 1- (2210 - 1) when minor loop mapping is enabled and source or dest
minor loop offset is enabled range: 1 - (2232 - 1) when minor loop mapping is disabled

uint32_t majorLoopCounts

minor loop counts in each major loop, should be 1 at least for each transfer range: (0 -
(2715 - 1)) when minor loop channel link is disabled range: (0 - (279 - 1)) when minor
loop channel link is enabled total bytes in a transfer = minorLoopCountsEachMajor-
Loop * bytesEachMinorLoop

uint16_t enabledInterruptMask

channel interrupt to enable, can be OR’ed value of _edma_interrupt_enable
edma_modulo_t srcAddrModulo

source circular data queue range
int32_t srcMajorLoopOffset

source major loop offset
edma_modulo_t dstAddrModulo

destination circular data queue range
int32_t dstMajorLoopOffset

destination major loop offset
bool enableSrcMinorLoopOffset

enable source minor loop offset
bool enableDstMinorLoopOffset

enable dest minor loop offset

int32_t minorLoopOffset
burst offset, the offset will be applied after minor loop update
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bool enableChannelMajorLoopLink
channel link when major loop complete

uint32_t majorLoopLinkChannel
major loop link channel number

bool enableChannelMinorLoopLink
channel link when minor loop complete

uint32_t minorLoopLinkChannel
minor loop link channel number
edma_tcd_t *linkTCD
pointer to the link transfer control descriptor

struct _edma,_ config
#include <fsl_edma.h> eDMA global configuration structure.

Public Members

bool enableGlobalChannelLink
Enable(true) channellinking is available and controlled by each channel’s link settings.

bool enableHaltOnError

Enable (true) transfer halt on error. Any error causes the HALT bit to set. Subsequently,
all service requests are ignored until the HALT bit is cleared.

bool enableDebugMode

Enable(true) eDMA4 debug mode. When in debug mode, the eDMA4 stalls the start of
a new channel. Executing channels are allowed to complete.

bool enableRoundRobinArbitration
Enable(true) channellinking is available and controlled by each channel’s link settings.

struct edma_handle
#include <fsl_edma.h> eDMA transfer handle structure

Public Members

edma_callback callback
Callback function for major count exhausted.

void *userData

Callback function parameter.

EDMA_Type *base
eDMA peripheral base address

EDMA_TCDType *tcdBase

eDMA peripheral tcd base address.
edma_tcd_t *tcdPool

Pointer to memory stored TCDs.
uint32_t channel

eDMA channel number.

volatile int8_t header
The first TCD index. Should point to the next TCD to be loaded into the eDMA engine.
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volatile int8_t tail
The last TCD index. Should point to the next TCD to be stored into the memory pool.

volatile int8_t tcdUsed

The number of used TCD slots. Should reflect the number of TCDs can be used/loaded
in the memory.

volatile int8_t tcdSize
The total number of TCD slots in the queue.

2.2 eDMA core Driver

enum _ edma_ tcd_type
eDMA tcd flag type

Values:

enumerator kEDMA_ EDMAA4Flag
Data access for eDMA4 transfers.

enumerator kEDMA_EDMAS5Flag
Instruction access for eDMA4 transfers.

typedef struct _edma_core_mp edma_ core_ mp_ t
edma core channel struture definition

typedef struct _edma_core_channel edma_ core_ channel_t
edma core channel struture definition

typedef enum _edma_tcd_type edma_ted_type_t
eDMA tcd flag type

typedef struct _edma5_core_tcd edmab__core_ted__t
edmas core TCD struture definition

typedef struct _edma4 core_tcd edma4 core_ted_t
edma4 core TCD struture definition

typedef struct _edma_core_tcd edma_ core__ted__t
edma core TCD struture definition

typedef edma_core_channel_t EDMA_ ChannelType
EDMA typedef.

typedef edma_core_tcd_t EDMA_TCDType
typedef void EDMA_ Type
DMA_CORE_MP_CSR_EDBG_MASK
DMA_CORE_MP_CSR_ERCA_MASK
DMA_CORE_MP_CSR_HAE_MASK
DMA_CORE_MP_CSR_HALT MASK
DMA__CORE_MP_CSR_GCLC_MASK
DMA_CORE_MP_CSR_GMRC_MASK
DMA_CORE_MP_CSR_EDBG(X)
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DMA_CORE_MP_CSR_ERCA(X)
DMA_CORE_MP_CSR HAE(X)
DMA_CORE_MP_CSR_HALT(x)
DMA_CORE_MP_CSR_GCLC(X)
DMA_CORE_MP_CSR_GMRC(X)
DMA_CSR_INTMAJOR_MASK
DMA_CSR_INTHALF MASK
DMA_CSR_DREQ_MASK
DMA_CSR_ESG_MASK
DMA_CSR_BWC_MASK
DMA_CSR_BWC(x)
DMA_CSR_START MASK
DMA_CITER_ELINKNO_CITER_ MASK
DMA_BITER_ELINKNO_BITER_MASK
DMA_CITER_ELINKNO_CITER_SHIFT
DMA_ CITER_ELINKYES_ CITER_MASK
DMA_ CITER_ELINKYES_CITER_SHIFT
DMA_ATTR_SMOD_MASK
DMA_ATTR_DMOD_MASK
DMA_CITER_ELINKNO_ELINK MASK
DMA_CSR_ MAJORELINK_MASK
DMA_BITER_ELINKYES_ELINK MASK
DMA_CITER_ELINKYES_ELINK MASK
DMA_CSR_MAJORLINKCH_MASK
DMA_BITER ELINKYES LINKCH MASK
DMA_ CITER_ELINKYES_ LINKCH_MASK
DMA_NBYTES_MLOFFYES_MLOFF_MASK
DMA_NBYTES MLOFFYES_DMLOE_MASK
DMA_NBYTES_ MLOFFYES_SMLOE_MASK
DMA_NBYTES MLOFFNO_NBYTES MASK
DMA_ATTR_DMOD(X)
DMA_ATTR_SMOD(x)

DMA_BITER_ELINKYES LINKCH(X)
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DMA_CITER_ELINKYES LINKCH(X)
DMA_NBYTES MLOFFYES MLOFF(X)
DMA_NBYTES_MLOFFYES_DMLOE(X)
DMA_NBYTES_MLOFFYES_SMLOE(X)
DMA_NBYTES MLOFFNO_NBYTES(X)
DMA_NBYTES_MLOFFYES_NBYTES(X)
DMA_ATTR_DSIZE(X)

DMA_ATTR_ SSIZE(X)
DMA_CSR_DREQ(X)
DMA_CSR_MAJORLINKCH(X)
DMA_CH_MATTR_WCACHE(X)
DMA_CH_MATTR_RCACHE(X)
DMA_CH_CSR_SIGNEXT MASK
DMA_CH_CSR_SIGNEXT_SHIFT
DMA_CH_CSR_SWAP_MASK
DMA_CH_CSR_SWAP_SHIFT
DMA_CH_SBR_INSTR_MASK
DMA_CH_SBR_INSTR_SHIFT
DMA_CH_SBR_EMI MASK
DMA_CH_SBR_EMI_SHIFT
DMA_CH_MUX_SOURCE(X)

DMA_ERR_DBE_FLAG
DMA error flag.

DMA_ERR_SBE_FLAG

DMA_ ERR_SGE_FLAG
DMA_ERR_NCE_FLAG
DMA_ERR_DOE_FLAG
DMA_ERR_DAE_FLAG
DMA_ERR_SOE_FLAG
DMA_ERR_SAE_FLAG
DMA_ERR_ERRCHAN_ FLAG
DMA_ERR_ECX_ FLAG

DMA_ ERR_ FLAG
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DMA_CLEAR_DONE_STATUS(base, channel)
get/clear DONE bit

DMA_GET_DONE_STATUS(base, channel)

DMA_ENABLE ERROR,_INT(base, channel)
enable/disable error interupt

DMA_DISABLE ERROR_INT(base, channel)

DMA_CLEAR,_ERROR._STATUS(base, channel)
get/clear error status

DMA_GET_ERROR_STATUS(base, channel)

DMA_CLEAR,_INT_ STATUS(base, channel)
get/clear INT status

DMA_GET_INT_STATUS(base, channel)

DMA_ENABLE_ MAJOR_INT(base, channel)
enable/dsiable MAJOR/HALF INT

DMA_ENABLE_HALF_ INT(base, channel)
DMA_DISABLE_MAJOR_INT(base, channel)
DMA_DISABLE_HALF_INT(base, channel)

EDMA_TCD__ALIGN_SIZE
EDMA tcd align size.

EDMA_CORE_BASE(base)
EDMA base address convert macro.

EDMA_MP_BASE(base)
EDMA_CHANNEL_BASE(base, channel)
EDMA_TCD_ BASE(base, channel)

EDMA_TCD_TYPE(X)
EDMA TCD type macro.

EDMA_TCD_SADDR(tcd, flag)
EDMA TCD address convert macro.

EDMA_TCD_ SOFF(tcd, flag)
EDMA_TCD_ATTR(tcd, flag)
EDMA_TCD_NBYTES(tcd, flag)
EDMA_TCD_SLAST(tcd, flag)
EDMA_TCD_DADDR(tcd, flag)
EDMA_TCD_DOFF(tcd, flag)
EDMA_TCD_ CITER(tcd, flag)
EDMA_TCD_DLAST SGA(tcd, flag)

EDMA_TCD_ CSR(tcd, flag)
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EDMA_TCD_BITER(tcd, flag)

struct _edma_ core_mp
#include <fsl_edma_core.h> edma core channel struture definition

Public Members

IO uint32 t MP_CSR

Channel Control and Status, array offset: 0x10000, array step: 0x10000
_ IO uint32_t MP_ES

Channel Error Status, array offset: 0x10004, array step: 0x10000

struct _edma_ core channel
#include <fsl_edma_core.h> edma core channel struture definition

Public Members
IO uint32 t CH_CSR

Channel Control and Status, array offset: 0x10000, array step: 0x10000
IO uint32 t CH_ES

Channel Error Status, array offset: 0x10004, array step: 0x10000
_ IO uint32_t CH_INT

Channel Interrupt Status, array offset: 0x10008, array step: 0x10000
IO uint32_t CH_SBR

Channel System Bus, array offset: 0x1000C, array step: 0x10000
IO uint32 t CH_ PRI

Channel Priority, array offset: 0x10010, array step: 0x10000

struct edmab core tcd
#include <fsl_edma_core.h> edma5 core TCD struture definition

Public Members

IO uint32_t SADDR
SADDR register, used to save source address

__ IO uint32_t SADDR__ HIGH
SADDR HIGH register, used to save source address

10O uint1l6_t SOFF
SOFF register, save offset bytes every transfer

_ IO uint16_t ATTR

ATTR register, source/destination transfer size and modulo
_ IO uint32_t NBYTES

Nbytes register, minor loop length in bytes
IO uint32_t SLAST

SLAST register

_ IO uint32_t SLAST_SDA_HIGH
SLAST SDA HIGH register
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IO uint32_t DADDR
DADDR register, used for destination address

__ 10 uint32_t DADDR_ HIGH
DADDR HIGH register, used for destination address
_ IO uint32 t DLAST SGA
DLASTSGA register, next tcd address used in scatter-gather mode
_ IO uint32 t DLAST SGA HIGH
DLASTSGA HIGH register, next tcd address used in scatter-gather mode
IO uintl6_t DOFF
DOFF register, used for destination offset
__ 10 uint16_t CITER
CITER register, current minor loop numbers, for unfinished minor loop.
__ IO uint16_t CSR
CSR register, for TCD control status
IO uintl6_t BITER
BITER register, begin minor loop count.
uint8_t RESERVED[16]
Aligned 64 bytes

struct edmad core_ted
#include <fsl_edma_core.h> edma4 core TCD struture definition

Public Members
IO uint32_t SADDR
SADDR register, used to save source address
_ IO uint16_t SOFF
SOFF register, save offset bytes every transfer
IO uintl6_t ATTR
ATTR register, source/destination transfer size and modulo
IO uint32 t NBYTES
Nbytes register, minor loop length in bytes
IO uint32_t SLAST
SLAST register
___ 10 uint32_t DADDR
DADDR register, used for destination address
IO uintl6_t DOFF
DOFF register, used for destination offset
IO uint1l6_t CITER
CITER register, current minor loop numbers, for unfinished minor loop.
__ IO uint32_t DLAST_SGA
DLASTSGA register, next tcd address used in scatter-gather mode

IO uint1l6_t CSR
CSR register, for TCD control status
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__ 10 uintl6_t BITER
BITER register; begin minor loop count.

struct edma_core tcd

#include <fsl_edma_core.h> edma core TCD struture definition

union MP_ REGS

Public Members
struct _edma_core_mp EDMA5_ REG

struct EDMA5 REG

Public Members

_ 10 uint32_t MP_INT_LOW

Channel Control and Status, array offset:

_ Tuint32_t MP_INT_HIGH

Channel Control and Status, array offset:

_ Tuint32_t MP_HRS_LOW

Channel Control and Status, array offset:

_Tuint32_t MP_HRS_HIGH

Channel Control and Status, array offset:

IO uint32_t MP_STOPCH

Channel Control and Status, array offset:

T uint32_t MP_SSR LOW

Channel Control and Status, array offset:

_Tuint32_t MP_SSR_HIGH

Channel Control and Status, array offset:

IO uint32_t CH_GRPRI [64]

Channel Control and Status, array offset:

IO uint32_t CH_MUX [64]

Channel Control and Status, array offset:

IO uint32_t CH_PROT [64]

Channel Control and Status, array offset:

union CH_REGS

Public Members
struct _edma_core_channel EDMA5 REG
struct_edma_core_channel EDMA4 REG

struct EDMA5 REG

0x10008, array step:

0x1000C, array step:

0x10010, array step:

0x10014, array step:

0x10020, array step:

0x10030, array step:

0x10034, array step:

0x10100, array step:

0x10200, array step:

0x10400, array step:

0x10000

0x10000

0x10000

0x10000

0x10000

0x10000

0x10000

0x10000

0x10000

0x10000
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Public Members
IO uint32 t CH_ _MATTR
Memory Attributes Register, array offset: 0x10018, array step: 0x8000
struct EDMA4 REG

Public Members
_ 10 uint32_t CH_MUX
Channel Multiplexor Configuration, array offset: 0x10014, array step: 0x10000

__ IO uint16_t CH_MATTR
Memory Attributes Register, array offset: 0x10018, array step: 0x8000

union TCD REGS

Public Members

edma4_core_tcd_t edmad ted

2.3 eDMA soc Driver

2.4 ENET: Ethernet MAC Driver

void ENET _GetDefaultConfig(enet_config_t *config)
Gets the ENET default configuration structure.

The purpose of this API is to get the default ENET MAC controller configure structure for
ENET_Init(). User may use the initialized structure unchanged in ENET_Init(), or modify
some fields of the structure before calling ENET_Init(). Example:

enet_ config_t config;
ENET__GetDefaultConfig(&config);

Parameters
* config — The ENET mac controller configuration structure pointer.

status_t ENET_Up(ENET_Type *base, enet_handle_t *handle, const enet_config t *config, const
enet_buffer_config t *bufferConfig, uint8_t *macAddr, uint32_t srcClock_Hz)

Initializes the ENET module.

This function initializes the module with the ENET configuration.

Note: ENET has two buffer descriptors legacy buffer descriptors and enhanced
IEEE 1588 buffer descriptors. The legacy descriptor is used by default. To use
the IEEE 1588 feature, use the enhanced IEEE 1588 buffer descriptor by defining
“ENET_ENHANCEDBUFFERDESCRIPTOR_MODE” and calling ENET_Ptp1588Configure() to
configure the 1588 feature and related buffers after calling ENET_Up().

Parameters

* base — ENET peripheral base address.
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* handle — ENET handler pointer.

* config — ENET mac configuration structure pointer. The “enet_config_t”
type mac configuration return from ENET_GetDefaultConfig can be used
directly. It is also possible to verify the Mac configuration using other
methods.

* bufferConfig — ENET buffer configuration structure pointer. The buffer
configuration should be prepared for ENET Initialization. It is the start
address of “ringNum” enet_buffer_config structures. To support added
multi-ring features in some soc and compatible with the previous enet
driver version. For single ring supported, this bufferConfig is a buffer
configure structure pointer, for multi-ring supported and used case, this
bufferConfig pointer should be a buffer configure structure array pointer.

* macAddr - ENET mac address of Ethernet device. This MAC address should
be provided.

* srcClock  Hz — The internal module clock source for MII clock.
Return values
* kStatus Success — Succeed to initialize the ethernet driver.

* kStatus. ENET InitMemoryFail — Init fails since buffer memory is not
enough.

status_t ENET_Init(ENET_Type *base, enet_handle_t *handle, const enet_config_t *config, const

enet_buffer_config_t *bufferConfig, uint8_t *macAddr, uint32_t srcClock_Hz)
Initializes the ENET module.

This function ungates the module clock and initializes it with the ENET configuration.

Note: ENET has two buffer descriptors legacy buffer descriptors and enhanced
IEEE 1588 buffer descriptors. The legacy descriptor is used by default. To use
the IEEE 1588 feature, use the enhanced IEEE 1588 buffer descriptor by defining
“ENET_ENHANCEDBUFFERDESCRIPTOR_MODE” and calling ENET_Ptp1588Configure() to
configure the 1588 feature and related buffers after calling ENET_Init().

Parameters
* base — ENET peripheral base address.
* handle — ENET handler pointer.

* config — ENET mac configuration structure pointer. The “enet_config_t”
type mac configuration return from ENET_GetDefaultConfig can be used
directly. It is also possible to verify the Mac configuration using other
methods.

* bufferConfig — ENET buffer configuration structure pointer. The buffer
configuration should be prepared for ENET Initialization. It is the start
address of “ringNum” enet_buffer_config structures. To support added
multi-ring features in some soc and compatible with the previous enet
driver version. For single ring supported, this bufferConfig is a buffer
configure structure pointer, for multi-ring supported and used case, this
bufferConfig pointer should be a buffer configure structure array pointer.

* macAddr - ENET mac address of Ethernet device. This MAC address should
be provided.

* srcClock Hz - The internal module clock source for MII clock.

Return values
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* kStatus Success — Succeed to initialize the ethernet driver.

* kStatus_ ENET_ InitMemoryFail — Init fails since buffer memory is not
enough.

void ENET_Down(ENET_Type *base)
Stops the ENET module.

This function disables the ENET module.
Parameters
* base — ENET peripheral base address.

void ENET_Deinit(ENET_Type *base)
Deinitializes the ENET module.

This function gates the module clock, clears ENET interrupts, and disables the ENET mod-
ule.

Parameters
* base — ENET peripheral base address.

static inline void ENET_ Reset(ENET_Type *base)
Resets the ENET module.

This function restores the ENET module to reset state. Note that this function sets all regis-
ters to reset state. As a result, the ENET module can’t work after calling this function.

Parameters
* base — ENET peripheral base address.

void ENET _SetMII(ENET_Type *base, enet_mii_speed_t speed, enet_mii_duplex_t duplex)
Sets the ENET MII speed and duplex.

This API is provided to dynamically change the speed and dulpex for MAC.
Parameters
* base — ENET peripheral base address.
* speed — The speed of the RMII mode.
* duplex — The duplex of the RMII mode.

void ENET__SetSMI(ENET_Type *base, uint32_t srcClock_Hz, bool isPreambleDisabled)
Sets the ENET SMI(serial management interface)- MII management interface.

Parameters
* base — ENET peripheral base address.

* srcClock__Hz — This is the ENET module clock frequency. See clock distri-
bution.

¢ isPreambleDisabled — The preamble disable flag.
- true Enables the preamble.
— false Disables the preamble.

static inline bool ENET__ GetSMI(ENET_Type *base)
Gets the ENET SMI- MII management interface configuration.

This API is used to get the SMI configuration to check whether the MII management inter-
face has been set.

Parameters

* base — ENET peripheral base address.
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Returns
The SMI setup status true or false.

static inline uint32_t ENET_ReadSMIData(ENET_Type *base)
Reads data from the PHY register through an SMI interface.

Parameters
* base — ENET peripheral base address.

Returns
The data read from PHY

static inline void ENET _ StartSMIWrite(ENET_Type *base, uint8_t phyAddr, uint8_t regAddr,
enet_mii_write_t operation, uint16_t data)

Sends the MDIO IEEE802.3 Clause 22 format write command.

After calling this function, need to check whether the transmission is over then do next
MDIO operation. For ease of use, encapsulated ENET_MDIOWTite() can be called. For cus-
tomized requirements, implement with combining separated APIs.

Parameters
* base — ENET peripheral base address.
* phyAddr — The PHY address. Range from 0 ~ 31.
* regAddr — The PHY register address. Range from 0 ~ 31.
* operation — The write operation.
¢ data — The data written to PHY.

static inline void ENET_ StartSMIRead(ENET_Type *base, uint8_t phyAddr, uint8_t regAddr,
enet_mii_read_t operation)

Sends the MDIO IEEE802.3 Clause 22 format read command.

After calling this function, need to check whether the transmission is over then do next
MDIO operation. For ease of use, encapsulated ENET_MDIORead() can be called. For cus-
tomized requirements, implement with combining separated APISs.

Parameters
* base — ENET peripheral base address.
* phyAddr — The PHY address. Range from 0 ~ 31.
* regAddr — The PHY register address. Range from 0 ~ 31.
* operation — The read operation.

status_t ENET__MDIOWrite(ENET_Type *base, uint8_t phyAddr, uint8_t regAddr, uint16_t data)
MDIO write with IEEE802.3 Clause 22 format.

Parameters
* base — ENET peripheral base address.
* phyAddr — The PHY address. Range from 0 ~ 31.
* regAddr — The PHY register. Range from 0 ~ 31.
* data — The data written to PHY.

Returns
kStatus_Success MDIO access succeeds.

Returns
kStatus_Timeout MDIO access timeout.
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status_t ENET__MDIORead(ENET_Type *base, uint8_t phyAddr, uint8_t regAddr, uint16_t
%
pData)

MDIO read with IEEE802.3 Clause 22 format.
Parameters
* base — ENET peripheral base address.
* phyAddr — The PHY address. Range from 0 ~ 31.
* regAddr — The PHY register. Range from 0 ~ 31.
* pData — The data read from PHY.

Returns
kStatus_Success MDIO access succeeds.

Returns
kStatus_Timeout MDIO access timeout.

void ENET _SetMacAddr(ENET_Type *base, uint8_t *macAddr)
Sets the ENET module Mac address.

Parameters
* base — ENET peripheral base address.

* macAddr — The six-byte Mac address pointer. The pointer is allocated by
application and input into the API.

void ENET GetMacAddr(ENET_Type *base, uint8_t *macAddr)
Gets the ENET module Mac address.

Parameters
* base — ENET peripheral base address.

* macAddr — The six-byte Mac address pointer. The pointer is allocated by
application and input into the API.

void ENET AddMulticastGroup(ENET_Type *base, uint8_t *address)
Adds the ENET device to a multicast group.

Parameters
* base — ENET peripheral base address.

* address — The six-byte multicast group address which is provided by appli-
cation.

void ENET _LeaveMulticastGroup(ENET_Type *base, uint8_t *address)
Moves the ENET device from a multicast group.

Parameters
* base — ENET peripheral base address.

* address — The six-byte multicast group address which is provided by appli-
cation.

static inline void ENET__ActiveRead(ENET_Type *base)
Activates frame reception for multiple rings.

This function is to active the enet read process.

Note: This must be called after the MAC configuration and state are ready. It must be
called after the ENET _Init(). This should be called when the frame reception is required.
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Parameters
* base — ENET peripheral base address.

static inline void ENET_ EnableSleepMode(ENET_Type *base, bool enable)

Enables/disables the MAC to enter sleep mode. This function is used to set the MAC en-
ter sleep mode. When entering sleep mode, the magic frame wakeup interrupt should be
enabled to wake up MAC from the sleep mode and reset it to normal mode.

Parameters
* base — ENET peripheral base address.
* enable — True enable sleep mode, false disable sleep mode.

static inline void ENET__ GetAccelFunction(ENET_Type *base, uint32_t *txAccelOption, uint32_t
*rxAccelOption)

Gets ENET transmit and receive accelerator functions from MAC controller.
Parameters
* base — ENET peripheral base address.

* txAccelOption - The transmit accelerator option. The
“enet_tx_accelerator_t” is recommended to be used to as the mask to
get the exact the accelerator option.

* rxAccelOption — The receive accelerator option. The
“enet_rx_accelerator_t” is recommended to be used to as the mask to
get the exact the accelerator option.

static inline void ENET_ Enablelnterrupts(ENET_Type *base, uint32_t mask)
Enables the ENET interrupt.

This function enables the ENET interrupt according to the provided mask. The mask is a
logical OR of enumeration members. See enet_interrupt_enable_t. For example, to enable
the TX frame interrupt and RX frame interrupt, do the following.

ENET_ Enablelnterrupts(ENET, kKENET_ TxFramelnterrupt | kKENET _RxFramelnterrupt);

Parameters
* base — ENET peripheral base address.

» mask — ENET interrupts to enable. This is a logical OR of the enumeration
enet_interrupt_enable_t.

static inline void ENET _ DisableInterrupts(ENET_Type *base, uint32_t mask)
Disables the ENET interrupt.

This function disables the ENET interrupts according to the provided mask. The mask is a
logical OR of enumeration members. See enet_interrupt_enable_t. For example, to disable
the TX frame interrupt and RX frame interrupt, do the following.

ENET_ DisableInterrupts(ENET, kENET_TxFramelnterrupt | KENET _RxFramelnterrupt);

Parameters
* base — ENET peripheral base address.

» mask — ENET interrupts to disable. This is a logical OR of the enumeration
enet_interrupt_enable_t.
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static inline uint32_t ENET_ GetInterruptStatus(ENET_Type *base)
Gets the ENET interrupt status flag.

Parameters
* base — ENET peripheral base address.

Returns
The event status of the interrupt source. This is the logical OR of members of
the enumeration enet_interrupt_enable_t.

static inline void ENET_ ClearInterruptStatus(ENET_Type *base, uint32_t mask)
Clears the ENET interrupt events status flag.

This function clears enabled ENET interrupts according to the provided mask. The mask
is a logical OR of enumeration members. See the enet_interrupt_enable_t. For example, to
clear the TX frame interrupt and RX frame interrupt, do the following.

ENET_ ClearInterruptStatus(ENET, kENET TxFramelnterrupt | kKENET _RxFramelnterrupt);

Parameters
* base — ENET peripheral base address.

» mask — ENET interrupt source to be cleared. This is the logical OR of mem-
bers of the enumeration enet_interrupt_enable_t.

void ENET _SetRxISRHandler(ENET_Type *base, enet_isr_t ISRHandler)
Set the second level Rx IRQ handler.

Parameters
* base — ENET peripheral base address.
» ISRHandler — The handler to install.

void ENET_SetTxISRHandler(ENET_Type *base, enet_isr_t ISRHandler)
Set the second level Tx IRQ handler.

Parameters
* base — ENET peripheral base address.
» ISRHandler — The handler to install.

void ENET_SetErrISRHandler(ENET_Type *base, enet_isr_t ISRHandler)
Set the second level Err IRQ handler.

Parameters
* base — ENET peripheral base address.
* ISRHandler — The handler to install.

void ENET GetRxErrBeforeReadFrame(enet_handle_t *handle, enet_data_error_stats_t
*eErrorStatic, uint8_t ringld)

Gets the error statistics of a received frame for ENET specified ring.

This API must be called after the ENET_GetRxFrameSize and before the
ENET ReadFrame(). If the ENET GetRxFrameSize returns kStatus ENET_RxFrameError,
the ENET_GetRxErrBeforeReadFrame can be used to get the exact error statistics. This is
an example.

status = ENET__GetRxFrameSize(&g_handle, &length, 0);
if (status == kStatus_ ENET RxFrameError)

{

Comments: Get the error information of the received frame.
(continues on next page)
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(continued from previous page)

ENET__GetRxErrBeforeReadFrame(&g_handle, &eErrStatic, 0);
Comments: update the receive buffer.
ENET_ReadFrame(EXAMPLE_ENET, &g _handle, NULL, 0);

}

Parameters

* handle — The ENET handler structure pointer. This is the same handler
pointer used in the ENET _Init.

» eErrorStatic — The error statistics structure pointer.

* ringld - The ring index, range from 0 ~
(FSL_FEATURE_ENET_INSTANCE_QUEUEN(x) - 1).

void ENET _EnableStatistics(ENET_Type *base, bool enable)
Enables/disables collection of transfer statistics.

Note that this function does not reset any of the already collected data, use the function
ENET_ResetStatistics to clear the transfer statistics if needed.

Parameters
* base — ENET peripheral base address.
* enable — True enable statistics collection, false disable statistics collection.

void ENET_GetStatistics(ENET_Type *base, enet_transfer_stats_t *statistics)
Gets transfer statistics.

Copies the actual value of hardware counters into the provided structure. Calling this func-
tion does not reset the counters in hardware.

Parameters
* base — ENET peripheral base address.
* statistics — The statistics structure pointer.

void ENET_ResetStatistics(ENET_Type *base)
Resets transfer statistics.

Sets the value of hardware transfer counters to zero.
Parameters
* base — ENET peripheral base address.

status_t ENET_GetRxFrameSize(enet_handle_t *handle, uint32_t *length, uint8_t ringld)
Gets the size of the read frame for specified ring.

This function gets a received frame size from the ENET buffer descriptors.

Note: The FCS of the frame is automatically removed by MAC and the size is the length
without the FCS. After calling ENET_GetRxFrameSize, ENET_ReadFrame() should be called
to receive frame and update the BD if the result is not “kStatus_ENET_RxFrameEmpty”.

Parameters

* handle — The ENET handler structure. This is the same handler pointer
used in the ENET _Init.

* length — The length of the valid frame received.

* ringld — The ring index or ring number.
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Return values

* kStatus_ ENET_RxFrameEmpty — No frame received. Should not call
ENET_ReadFrame to read frame.

* kStatus_ ENET _RxFrameError — Data error happens. ENET_ReadFrame
should be called with NULL data and NULL length to update the receive
buffers.

* kStatus_ Success — Receive a frame Successfully then the ENET_ReadFrame
should be called with the right data buffer and the captured data length
input.

status_t ENET_ReadFrame(ENET_Type *base, enet_handle_t *handle, uint8_t *data, uint32_t
length, uint8_t ringld, uint32_t *ts)

Reads a frame from the ENET device. This function reads a frame (both the data and the
length) from the ENET buffer descriptors. User can get timestamp through ts pointer if the
ts is not NULL.

Note: It doesn’t store the timestamp in the receive timestamp queue. The
ENET_GetRxFrameSize should be used to get the size of the prepared data buffer. This
API uses memcpy to copy data from DMA buffer to application buffer, 4 bytes aligned data
buffer in 32 bits platforms provided by user may let compiler use optimization instruction
to reduce time consumption. This is an example:

uint32_t length;

enet__handle_t g handle;

Comments: Get the received frame size firstly.

status = ENET__GetRxFrameSize(&g_handle, &length, 0);
if (length != 0)

Comments: Allocate memory here with the size of ”length”
uint8_t *data = memory allocate interface;
if (!data)
{
ENET ReadFrame(ENET, &g handle, NULL, 0, 0, NULL);
Comments: Add the console warning log.

}

else

{
status = ENET_ReadFrame(ENET, &g_handle, data, length, 0, NULL);

Comments: Call stack input API to deliver the data to stack
}
}
else if (status == kStatus_ ENET RxFrameError)

{

Comments: Update the received buffer when a error frame is received.
ENET ReadFrame(ENET, &g handle, NULL, 0, 0, NULL);

}

Parameters
* base — ENET peripheral base address.

* handle — The ENET handler structure. This is the same handler pointer
used in the ENET _Init.

* data — The data buffer provided by user to store the frame which memory
size should be at least “length”.

* length — The size of the data buffer which is still the length of the received
frame.
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ringld — The ring index or ring number.

ts — The timestamp address to store received timestamp.

Returns
The execute status, successful or failure.

status_t ENET_SendFrame(ENET_Type *base, enet_handle_t *handle, const uint8_t *data,

uint32_t length, uint8_t ringld, bool tsFlag, void *context)

Transmits an ENET frame for specified ring.

Note: The CRC is automatically appended to the data. Input the data to send without
the CRC. This API uses memcpy to copy data from DMA buffer to application buffer, 4 bytes
aligned data buffer in 32 bits platforms provided by user may let compiler use optimization
instruction to reduce time consumption.

Parameters

base — ENET peripheral base address.

handle - The ENET handler pointer. This is the same handler pointer used
in the ENET _Init.

data — The data buffer provided by user to send.
length — The length of the data to send.

ringld — The ring index or ring number.

tsFlag — Timestamp enable flag.

context — Used by user to handle some events after transmit over.

Return values

kStatus Success — Send frame succeed.

kStatus. ENET TxFrameBusy — Transmit buffer descriptor is busy under
transmission. The transmit busy happens when the data send rate is over
the MAC capacity. The waiting mechanism is recommended to be added
after each call return with kStatus_ENET_TxFrameBusy.

status_t ENET SetTxReclaim(enet_handle_t *handle, bool isEnable, uint8_t ringld)
Enable or disable tx descriptors reclaim mechanism.

Note: This function must be called when no pending send frame action. Set enable if you
want to reclaim context or timestamp in interrupt.

Parameters

handle — The ENET handler pointer. This is the same handler pointer used
in the ENET_Init.

isEnable — Enable or disable flag.

ringld — The ring index or ring number.

Return values

kStatus Success — Succeed to enable/disable Tx reclaim.

kStatus Fail — Fail to enable/disable Tx reclaim.
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void ENET_ReclaimTxDescriptor(ENET_Type *base, enet_handle_t *handle, uint8_t ringld)

Reclaim tx descriptors. This function is used to update the tx descriptor status and store
the tx timestamp when the 1588 feature is enabled. This is called by the transmit interupt
IRQ handler after the complete of a frame transmission.

Parameters
* base — ENET peripheral base address.

* handle — The ENET handler pointer. This is the same handler pointer used
in the ENET _Init.

* ringld — The ring index or ring number.
status_t ENET__GetRxFrame(ENET _Type *base, enet_handle_t *handle, enet_rx_frame_struct_t
*rxFrame, uint8_t ringld)
Receives one frame in specified BD ring with zero copy.
This function uses the user-defined allocation and free callbacks. Every time appli-
cation gets one frame through this function, driver stores the buffer address(es) in
enet_buffer_struct_t and allocate new buffer(s) for the BD(s). If there’s no memory buffer in

the pool, this function drops current one frame to keep the Rx frame in BD ring is as fresh
as possible.

Note: Application must provide a memory pool including at least BD number + n buffers
in order for this function to work properly, because each BD must always take one buffer
while driver is running, then other extra n buffer(s) can be taken by application. Here n
is the ceil(max_frame_length(set by RCR) / bd_rx_size(set by MRBR)). Application must also
provide an array structure in rxFrame->rxBuffArray with n index to receive one complete
frame in any case.

Parameters
* base — ENET peripheral base address.

* handle — The ENET handler pointer. This is the same handler pointer used
in the ENET _Init.

* rxFrame — The received frame information structure provided by user.
* ringld — The ring index or ring number.
Return values

* kStatus_Success — Succeed to get one frame and allocate new memory for
Rx buffer.

e kStatus_ ENET_ RxFrameEmpty — There’s no Rx frame in the BD.
* kStatus. ENET RxFrameError — There’s issue in this receiving.

* kStatus_ ENET _RxFrameDrop — There’s no new buffer memory for BD,
drop this frame.

status_t ENET _ StartTxFrame(ENET _Type *base, enet_handle_t *handle, enet_tx_frame_struct_t
*txFrame, uint8_t ringld)

Sends one frame in specified BD ring with zero copy.

This function supports scattered buffer transmit, user needs to provide the buffer array.

Note: Tx reclaim should be enabled to ensure the Tx buffer ownership can be given back
to application after Tx is over.
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Parameters
* base — ENET peripheral base address.

* handle — The ENET handler pointer. This is the same handler pointer used
in the ENET _Init.

¢ txFrame — The Tx frame structure.

* ringld — The ring index or ring number.
Return values

* kStatus_ Success — Succeed to send one frame.

* kStatus_ ENET_ TxFrameBusy — The BD is not ready for Tx or the reclaim
operation still not finishs.

* kStatus_ ENET_TxFrameOverLen — The Tx frame length is over max ether-
net frame length.

void ENET_ TransmitIRQHandler(ENET_Type *base, enet_handle_t *handle)
The transmit IRQ handler.

Parameters
* base — ENET peripheral base address.
* handle — The ENET handler pointer.

void ENET_ReceivelRQHandler(ENET_Type *base, enet_handle_t *handle)
The receive IRQ handler.

Parameters
* base — ENET peripheral base address.
* handle — The ENET handler pointer.

void ENET _ErrorIRQHandler(ENET_Type *base, enet_handle_t *handle)
Some special IRQ handler including the error, mii, wakeup irq handler.

Parameters
* base — ENET peripheral base address.
* handle — The ENET handler pointer.

void ENET _Ptp1588IRQHandler(ENET Type *base)
the common IRQ handler for the 1588 irq handler.

This is used for the 1588 timer interrupt.
Parameters
* base — ENET peripheral base address.

void ENET__CommonFrame0IRQHandler(ENET_Type *base)
the common IRQ handler for the tx/rx/error etc irq handler.

This is used for the combined tx/rx/error interrupt for single/mutli-ring (frame 0).
Parameters
* base — ENET peripheral base address.

FSL _ENET DRIVER_VERSION
Defines the driver version.

FSL_FEATURE_ENET_QUEUE
Defines the queue number.
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ENET_ BUFFDESCRIPTOR_RX EMPTY MASK
Empty bit mask.

ENET BUFFDESCRIPTOR_ RX SOFTOWNER1 MASK
Software owner one mask.

ENET BUFFDESCRIPTOR_ RX WRAP MASK
Next buffer descriptor is the start address.

ENET BUFFDESCRIPTOR RX SOFTOWNER2 Mask
Software owner two mask.

ENET BUFFDESCRIPTOR RX LAST MASK
Last BD of the frame mask.

ENET_BUFFDESCRIPTOR_RX_MISS_MASK
Received because of the promiscuous mode.
ENET_BUFFDESCRIPTOR_RX_BROADCAST_MASK

Broadcast packet mask.
ENET_BUFFDESCRIPTOR_RX_MULTICAST_MASK

Multicast packet mask.
ENET_BUFFDESCRIPTOR_RX_LENVLIOLATE_MASK

Length violation mask.
ENET_BUFFDESCRIPTOR_RX_NOOCTET_MASK

Non-octet aligned frame mask.
ENET_BUFFDESCRIPTOR_RX_CRC_MASK

CRC error mask.

ENET BUFFDESCRIPTOR_ RX OVERRUN MASK
FIFO overrun mask.

ENET BUFFDESCRIPTOR_ RX TRUNC_ MASK
Frame is truncated mask.

ENET BUFFDESCRIPTOR TX READY MASK
Ready bit mask.

ENET_ BUFFDESCRIPTOR_TX SOFTOWENERI1 MASK
Software owner one mask.

ENET BUFFDESCRIPTOR TX WRAP MASK
Wrap buffer descriptor mask.

ENET_ BUFFDESCRIPTOR_TX SOFTOWENER2 MASK
Software owner two mask.

ENET BUFFDESCRIPTOR_ TX LAST MASK
Last BD of the frame mask.

ENET_BUFFDESCRIPTOR_TX_TRANMITCRC_MASK
Transmit CRC mask.

ENET_FRAME_MAX_ FRAMELEN
Default maximum Ethernet frame size without VLAN tag.

ENET_FRAME_VLAN_TAGLEN
Ethernet single VLAN tag size.

2.4. ENET: Ethernet MAC Driver 191



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

ENET FRAME CRC_LEN
CRC size in a frame.

ENET_FRAME_TX_LEN_LIMITATION(X)

ENET FIFO MIN RX FULL
ENET minimum receive FIFO full.

ENET_ RX_ MIN_BUFFERSIZE
ENET minimum buffer size.
ENET_PHY MAXADDRESS
Maximum PHY address.
ENET_ TX INTERRUPT
Enet Tx interrupt flag.
ENET RX INTERRUPT
Enet Rx interrupt flag.
ENET_TS_INTERRUPT
Enet timestamp interrupt flag.

ENET ERR_INTERRUPT
Enet error interrupt flag.

Defines the status return codes for transaction.
Values:

enumerator kStatus_ ENET_InitMemoryFail
Init fails since buffer memory is not enough.

enumerator kStatus. ENET RxFrameError
A frame received but data error happen.

enumerator kStatus. ENET RxFrameFail
Failed to receive a frame.

enumerator kStatus_ ENET RxFrameEmpty
No frame arrive.

enumerator kStatus_ ENET _RxFrameDrop
Rx frame is dropped since no buffer memory.

enumerator kStatus. ENET TxFrameOverLen
Tx frame over length.

enumerator kStatus_ ENET TxFrameBusy
Tx buffer descriptors are under process.

enumerator kStatus  ENET TxFrameFail
Transmit frame fail.

enum enet_ mii mode

Defines the MII/RMII/RGMII mode for data interface between the MAC and the PHY.

Values:

enumerator kENET MiiMode
MII mode for data interface.
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enumerator kENET RmiiMode
RMII mode for data interface.

enum _ enet_ mii_ speed
Defines the 10/100/1000 Mbps speed for the MII data interface.
Notice: “kENET_MiiSpeed1000M” only supported when mii mode is “kENET_RgmiiMode”.
Values:

enumerator KENET MiiSpeed10M
Speed 10 Mbps.
enumerator KENET MiiSpeed100M
Speed 100 Mbps.
enum _ enet_ mii_ duplex
Defines the half or full duplex for the MII data interface.
Values:

enumerator kENET MiiHalfDuplex
Half duplex mode.

enumerator KENET MiiFullDuplex
Full duplex mode.
enum enet mii write
Define the MII opcode for normal MDIO_CLAUSES_22 Frame.
Values:
enumerator kENET _MiiWriteNoCompliant
Write frame operation, but not MII-compliant.
enumerator kENET__MiiWriteValidFrame
Write frame operation for a valid MII management frame.
enum _enet_ mii read
Defines the read operation for the MII management frame.
Values:
enumerator kENET MiiReadValidFrame
Read frame operation for a valid MII management frame.
enumerator KENET MiiReadNoCompliant
Read frame operation, but not MII-compliant.
enum _ enet_ special_control_ flag

Defines a special configuration for ENET MAC controller.

These control flags are provided for special user requirements. Normally, these control
flags are unused for ENET initialization. For special requirements, set the flags to mac-
SpecialConfig in the enet_config_t. The KENET_ControlStoreAndFwdDisable is used to dis-
able the FIFO store and forward. FIFO store and forward means that the FIFO read/send is
started when a complete frame is stored in TX/RX FIFO. If this flag is set, configure rxFifo-
FullThreshold and txFifoWatermark in the enet_config_t.

Values:

enumerator kENET ControlFlowControlEnable
Enable ENET flow control: pause frame.
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enumerator kENET _ControlRxPayloadCheckEnable
Enable ENET receive payload length check.

enumerator kENET__ControlRxPadRemoveEnable
Padding is removed from received frames.

enumerator kENET ControlRxBroadCastRejectEnable
Enable broadcast frame reject.

enumerator kENET _ControlMacAddrInsert
Enable MAC address insert.

enumerator kKENET ControlStoreAndFwdDisable
Enable FIFO store and forward.

enumerator kENET ControlSMIPreambleDisable
Enable SMI preamble.

enumerator kENET ControlPromiscuousEnable
Enable promiscuous mode.

enumerator kENET ControlMIILoopEnable
Enable ENET MII loop back.

enumerator kENET__ControlVLANTagEnable
Enable normal VLAN (single vlan tag).

enum _ enet_ interrupt__enable

List of interrupts supported by the peripheral. This enumeration uses one-bit encoding to
allow a logical OR of multiple members. Members usually map to interrupt enable bits in
one or more peripheral registers.

Values:

enumerator kKENET BabrInterrupt

Babbling receive error interrupt source
enumerator kENET _BabtInterrupt

Babbling transmit error interrupt source

enumerator kENET GraceStoplInterrupt
Graceful stop complete interrupt source

enumerator KENET TxFramelnterrupt
TX FRAME interrupt source

enumerator kKENET TxBufferInterrupt
TX BUFFER interrupt source

enumerator kENET RxFramelnterrupt
RX FRAME interrupt source

enumerator kKENET RxBufferInterrupt
RX BUFFER interrupt source

enumerator KENET Miilnterrupt
MII interrupt source

enumerator kKENET EBusERInterrupt
Ethernet bus error interrupt source

enumerator KENET LateCollisionInterrupt
Late collision interrupt source
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enumerator KENET RetryLimitInterrupt
Collision Retry Limit interrupt source

enumerator KENET Underrunlnterrupt
Transmit FIFO underrun interrupt source

enumerator kENET PayloadRxInterrupt
Payload Receive error interrupt source

enumerator KENET WakeupInterrupt
WAKEUP interrupt source

enumerator KENET TsAvaillnterrupt
TS AVAIL interrupt source for PTP

enumerator KENET TsTimerInterrupt
TS WRAP interrupt source for PTP

enum enet event
Defines the common interrupt event for callback use.

Values:

enumerator kENET RxEvent
Receive event.

enumerator kENET TxEvent
Transmit event.

enumerator kENET ErrEvent
Error event: BABR/BABT/EBERR/LC/RL/UN/PLR .

enumerator kKENET WakeUpEvent
Wake up from sleep mode event.

enumerator KENET TimeStampEvent
Time stamp event.

enumerator kKENET _TimeStampAvailEvent
Time stamp available event.

enum _enet_tx_accelerator
Defines the transmit accelerator configuration.

Note that the hardware does not insert ICMPv6 protocol checksums as mentioned in errata
ERR052152.

Values:

enumerator kENET TxAccellsShift16Enabled
Transmit FIFO shift-16.

enumerator kENET TxAccellpCheckEnabled
Insert IP header checksum.

enumerator kENET TxAccelProtoCheckEnabled
Insert protocol checksum (TCP, UDP, ICMPv4).

enum _enet_rx_ accelerator
Defines the receive accelerator configuration.

Note that the hardware does not validate ICMPv6 protocol checksums as mentioned in er-
rata ERR052152.

Values:
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enumerator kENET RxAccelPadRemoveEnabled
Padding removal for short IP frames.

enumerator kENET RxAccellpCheckEnabled
Discard with wrong IP header checksum.

enumerator kENET RxAccelProtoCheckEnabled
Discard with wrong protocol checksum (TCP, UDP, ICMPv4).

enumerator kENET RxAccelMacCheckEnabled
Discard with Mac layer errors.

enumerator kENET RxAccelisShift16Enabled
Receive FIFO shift-16.

typedef enum _enet_mii_mode enet_ mii_ mode_ t
Defines the MII/RMII/JRGMII mode for data interface between the MAC and the PHY.

typedef enum _enet_mii_speed enet_ mii_speed_ t
Defines the 10/100/1000 Mbps speed for the MII data interface.

Notice: “kENET_MiiSpeed1000M” only supported when mii mode is “kENET_RgmiiMode”.

typedef enum _enet_mii_duplex enet_mii_duplex_t
Defines the half or full duplex for the MII data interface.

typedef enum _enet_mii_write enet_ mii_ write_t
Define the MII opcode for normal MDIO_CLAUSES_22 Frame.

typedef enum _enet_mii_read enet_mii_read_t
Defines the read operation for the MII management frame.

typedef enum _enet_special_control_flag enet_ special_control_flag_t
Defines a special configuration for ENET MAC controller.
These control flags are provided for special user requirements. Normally, these control
flags are unused for ENET initialization. For special requirements, set the flags to mac-
SpecialConfig in the enet_config_t. The KENET_ControlStoreAndFwdDisable is used to dis-
able the FIFO store and forward. FIFO store and forward means that the FIFO read/send is
started when a complete frame is stored in TX/RX FIFO. If this flag is set, configure rxFifo-
FullThreshold and txFifoWatermark in the enet_config_t.

typedef enum _enet_interrupt_enable enet_ interrupt_ enable_ t
List of interrupts supported by the peripheral. This enumeration uses one-bit encoding to
allow a logical OR of multiple members. Members usually map to interrupt enable bits in
one or more peripheral registers.

typedef enum _enet_event enet_ event_ t
Defines the common interrupt event for callback use.

typedef enum _enet_tx_accelerator enet_ tx_ accelerator_t
Defines the transmit accelerator configuration.

Note that the hardware does not insert ICMPv6 protocol checksums as mentioned in errata
ERR052152.

typedef enum _enet_rx_accelerator enet_rx_ accelerator_t
Defines the receive accelerator configuration.

Note that the hardware does not validate ICMPv6 protocol checksums as mentioned in er-
rata ERR052152.

typedef struct _enet_rx_bd_struct enet_rx_bd_ struct_t
Defines the receive buffer descriptor structure for the little endian system.
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typedef struct _enet_tx_bd_struct enet_tx_bd_ struct_t
Defines the enhanced transmit buffer descriptor structure for the little endian system.

typedef struct _enet_data_error_stats enet_data_error_stats_t
Defines the ENET data error statistics structure.

typedef struct _enet_rx_frame_error enet_rx_frame_ error_t
Defines the Rx frame error structure.

typedef struct _enet_transfer_stats enet_ transfer_stats_t
Defines the ENET transfer statistics structure.

typedef struct enet_frame_info enet_ frame_info_t
Defines the frame info structure.

typedef struct _enet_tx_dirty_ring enet_tx_dirty_ring t
Defines the ENET transmit dirty addresses ring/queue structure.

typedef void *(*enet_rx_alloc_callback t)(ENET_Type *base, void *userData, uint8_t ringld)
Defines the ENET Rx memory buffer alloc function pointer.
typedef void (*enet_rx_free callback t)(ENET_Type *base, void *buffer, void *userData, uint8_t
ringld)
Defines the ENET Rx memory buffer free function pointer.

typedef struct _enet_buffer_config enet_ buffer_ config_t
Defines the receive buffer descriptor configuration structure.

Note that for the internal DMA requirements, the buffers have a corresponding alignment
requirements.

a. The aligned receive and transmit buffer size must be evenly divisible by
ENET BUFF_ALIGNMENT. when the data buffers are in cacheable region when
cache is enabled, all those size should be aligned to the maximum value of
“ENET_BUFF_ALIGNMENT” and the cache line size.

b. The aligned transmit and receive buffer descriptor start address must be at
least 64 bit aligned. @ However, it’s recommended to be evenly divisible by
ENET_BUFF_ALIGNMENT. buffer descriptors should be put in non-cacheable region
when cache is enabled.

c. The aligned transmit and receive data buffer start address must be evenly divisible
by ENET_BUFF_ALIGNMENT. Receive buffers should be continuous with the total size
equal to “rxBdNumber * rxBuffSizeAlign”. Transmit buffers should be continuous with
the total size equal to “txBdNumber * txBuffSizeAlign”. when the data buffers are in
cacheable region when cache is enabled, all those size should be aligned to the maxi-
mum value of “ENET_BUFF_ALIGNMENT” and the cache line size.

typedef struct _enet_handle enet_ handle_t
typedef void (*enet_ callback t)(ENET_Type *base, enet_handle_t *handle, enet_event_t event,
enet_frame_info_t *framelnfo, void *userData)

ENET callback function.

typedef struct _enet_config enet_ config_t
Defines the basic configuration structure for the ENET device.

Note:

a. macSpecialConfig is used for a special control configuration, A logical OR of
“enet_special_control_flag t”. For a special configuration for MAC, set this parameter
to 0.
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g.

. txWatermark is used for a cut-through operation. It is in steps of 64 bytes: 0/1 - 64

bytes written to TX FIFO before transmission of a frame begins. 2 - 128 bytes written
to TX FIFO .... 3 - 192 bytes written to TX FIFO .... The maximum of txWatermark is
0x2F - 4032 bytes written to TX FIFO .... txWatermark allows minimizing the transmit
latency to set the txWatermark to 0 or 1 or for larger bus access latency 3 or larger due
to contention for the system bus.

. rxFifoFullThreshold is similar to the txWatermark for cut-through operation in RX. It

is in 64-bit words. The minimum is ENET FIFO MIN_RX FULL and the maximum is
OXFF. If the end of the frame is stored in FIFO and the frame size if smaller than the
txWatermark, the frame is still transmitted. The rule is the same for rxFifoFullThresh-
old in the receive direction.

. When “kENET_ControlFlowControlEnable” is set in the macSpecialConfig, ensure that

the pauseDuration, rxFifoEmptyThreshold, and rxFifoStatEmptyThreshold are set for
flow control enabled case.

. When “kENET_ControlStoreAndFwdDisabled” is set in the macSpecialConfig, ensure

that the rxFifoFullThreshold and txFifoWatermark are set for store and forward dis-
able.

. The rxAccelerConfig and txAccelerConfig default setting with O - accelerator are dis-

abled. The “enet_tx_accelerator_t” and “enet_rx_accelerator_t” are recommended
to be used to enable the transmit and receive accelerator. After the accelera-
tors are enabled, the store and forward feature should be enabled. As a result,
KENET_ControlStoreAndFwdDisabled should not be set.

The intCoalesceCfg can be used in the rx or tx enabled cases to decrese the CPU loading.

typedef struct _enet_tx_bd_ring enet_tx_bd_ring_t
Defines the ENET transmit buffer descriptor ring/queue structure.

typedef struct _enet_rx_bd_ring enet_rx_bd_ring_t
Defines the ENET receive buffer descriptor ring/queue structure.

typedef struct _enet_buffer_struct enet_ buffer_struct_t

typedef struct _enet_rx_frame_attribute_struct enet_rx_ frame_ attribute_t

typedef struct _enet_rx_frame_struct enet_rx_ frame_ struct_t

typedef struct _enet_tx_frame_struct enet_ tx_frame_struct_t

typedef void (fenet_isr t)(ENET_Type *base, enet_handle_t *handle)
Define interrupt IRQ handler.

const clock_ip_name_ts enetClock[]
Pointers to enet clocks for each instance.

uint32_t ENET_ GetInstance(ENET_Type *base)
Get the ENET instance from peripheral base address.

Parameters
* base — ENET peripheral base address.

Returns
ENET instance.

ENET_BUFFDESCRIPTOR_RX_ERR_MASK
Defines the receive error status flag mask.

struct enet rx_ bd_struct

#include <fsl_enet.h> Defines the receive buffer descriptor structure for the little endian
system.
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Public Members
uint16_t length
Buffer descriptor data length.

uint16_t control

Buffer descriptor control and status.
uint32_t buffer

Data buffer pointer.

struct enet tx bd_ struct

#include <fsl_enet.h> Defines the enhanced transmit buffer descriptor structure for the little
endian system.

Public Members
uint16_t length
Buffer descriptor data length.

uint16_t control
Buffer descriptor control and status.

uint32_t buffer
Data buffer pointer.

struct enet data_error_stats
#include <fsl_enet.h> Defines the ENET data error statistics structure.

Public Members
uint32_t statsRxLenGreaterErr
Receive length greater than RCR[MAX_FL].

uint32_t statsRxAlignErr
Receive non-octet alignment/

uint32_t statsRxFcsErr
Receive CRC error.

uint32_t statsRxOverRunErr
Receive over run.

uint32_t statsRxTruncateErr
Receive truncate.

struct enet rx_frame error
#include <fsl_enet.h> Defines the Rx frame error structure.

Public Members
bool statsRxTruncateErr
Receive truncate.

bool statsRxOverRunErr
Receive over run.

bool statsRxFcsErr
Receive CRC error.
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bool statsRxAlignErr
Receive non-octet alignment.

bool statsRxLenGreaterErr
Receive length greater than RCRIMAX_FL].

struct _enet_ transfer stats
#include <fsl_enet.h> Defines the ENET transfer statistics structure.

Public Members
uint32_t statsRxFrameCount
Rx frame number.

uint32_t statsRxFrameOk
Good Rx frame number.

uint32_t statsRxCrcErr
Rx frame number with CRC error.

uint32_t statsRxAlignErr
Rx frame number with alignment error.

uint32_t statsRxDropInvalidSFD
Dropped frame number due to invalid SFD.

uint32_t statsRxFifoOverflowErr
Rx FIFO overflow count.

uint32_t statsTxFrameCount
Tx frame number.

uint32_t statsTxFrameOk
Good Tx frame number.

uint32_t statsTxCrcAlignErr
The transmit frame is error.

uint32_t statsTxFifoUnderRunErr
Tx FIFO underrun count.

struct enet_ frame info
#include <fsl_enet.h> Defines the frame info structure.

Public Members
void *context
User specified data

struct _enet_ tx_dirty_ring
#include <fsl_enet.h> Defines the ENET transmit dirty addresses ring/queue structure.

Public Members
enet_frame_info_t *txDirtyBase
Dirty buffer descriptor base address pointer.

uint16_t txGenldx
tx generate index.
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uint16_t txConsumlIdx

tx consume index.
uint16_t txRingLen

tx ring length.
bool isFull

tx ring is full flag.

struct _enet_ buffer config
#include <fsl_enet.h> Defines the receive buffer descriptor configuration structure.

Note that for the internal DMA requirements, the buffers have a corresponding alignment
requirements.

a. The aligned receive and transmit buffer size must be evenly divisible by
ENET BUFF_ALIGNMENT. when the data buffers are in cacheable region when
cache is enabled, all those size should be aligned to the maximum value of
“ENET_BUFF_ALIGNMENT” and the cache line size.

b. The aligned transmit and receive buffer descriptor start address must be at
least 64 bit aligned. @ However, it’s recommended to be evenly divisible by
ENET_BUFF_ALIGNMENT. buffer descriptors should be put in non-cacheable region
when cache is enabled.

c. The aligned transmit and receive data buffer start address must be evenly divisible
by ENET_BUFF_ALIGNMENT. Receive buffers should be continuous with the total size
equal to “rxBdNumber * rxBuffSizeAlign”. Transmit buffers should be continuous with
the total size equal to “txBdNumber * txBuffSizeAlign”. when the data buffers are in
cacheable region when cache is enabled, all those size should be aligned to the maxi-
mum value of “ENET_BUFF_ALIGNMENT” and the cache line size.

Public Members
uint16_t rxBdNumber
Receive buffer descriptor number.
uint16_t txBdNumber
Transmit buffer descriptor number.
uint16_t rxBuffSizeAlign
Aligned receive data buffer size.
uint16_t txBuffSizeAlign
Aligned transmit data buffer size.
volatile enet_rx_bd_struct_t *rxBdStartAddrAlign
Aligned receive buffer descriptor start address: should be non-cacheable.
volatile enet_tx_bd_struct_t *txBdStartAddrAlign
Aligned transmit buffer descriptor start address: should be non-cacheable.
uint8_t *rxBufferAlign
Receive data buffer start address.
uint8_t *txBufferAlign
Transmit data buffer start address.

bool rxMaintainEnable
Receive buffer cache maintain.
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bool txMaintainEnable

Transmit buffer cache maintain.

enet_frame_info_t *txFramelnfo

Transmit frame information start address.

struct _enet_ config
#include <fsl_enet.h> Defines the basic configuration structure for the ENET device.

Note:

a.

macSpecialConfig is used for a special control configuration, A logical OR of
“enet_special_control_flag t”. For a special configuration for MAC, set this parameter
to 0.

. txWatermark is used for a cut-through operation. It is in steps of 64 bytes: 0/1 - 64

bytes written to TX FIFO before transmission of a frame begins. 2 - 128 bytes written
to TX FIFO .... 3 - 192 bytes written to TX FIFO .... The maximum of txWatermark is
0x2F - 4032 bytes written to TX FIFO .... txWatermark allows minimizing the transmit
latency to set the txWatermark to 0 or 1 or for larger bus access latency 3 or larger due
to contention for the system bus.

. rxFifoFullThreshold is similar to the txWatermark for cut-through operation in RX. It

is in 64-bit words. The minimum is ENET FIFO_MIN_RX FULL and the maximum is
OXFF. If the end of the frame is stored in FIFO and the frame size if smaller than the
txWatermark, the frame is still transmitted. The rule is the same for rxFifoFullThresh-
old in the receive direction.

. When “kENET_ControlFlowControlEnable” is set in the macSpecialConfig, ensure that

the pauseDuration, rxFifoEmptyThreshold, and rxFifoStatEmptyThreshold are set for
flow control enabled case.

. When “kENET_ControlStoreAndFwdDisabled” is set in the macSpecialConfig, ensure

that the rxFifoFullThreshold and txFifoWatermark are set for store and forward dis-
able.

. The rxAccelerConfig and txAccelerConfig default setting with O - accelerator are dis-

abled. The “enet_tx_accelerator_t” and “enet_rx_accelerator_t” are recommended
to be used to enable the transmit and receive accelerator. After the accelera-
tors are enabled, the store and forward feature should be enabled. As a result,
KENET_ControlStoreAndFwdDisabled should not be set.

. The intCoalesceCfg can be used in the rx or tx enabled cases to decrese the CPU loading.

Public Members

uint32_t macSpecialConfig

Mac special configuration. A logical OR of “enet_special_control_flag t”.

uint32_t interrupt

Mac interrupt source. A logical OR of “enet_interrupt_enable_t”.

uint16_t rxMaxFrameLen

Receive maximum frame length.

enet_mii_mode_t miiMode

MII mode.

enet_mii_speed_t miiSpeed

MII Speed.
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enet_mii_duplex_t miiDuplex

MII duplex.
uint8_t rxAccelerConfig

Receive accelerator; A logical OR of “enet_rx_accelerator_t”.
uint8_t txAccelerConfig

Transmit accelerator, A logical OR of “enet_rx_accelerator_t”.
uint16_t pauseDuration

For flow control enabled case: Pause duration.
uint8_t rxFifoEmptyThreshold

For flow control enabled case: when RX FIFO level reaches this value, it makes MAC
generate XOFF pause frame.

uint8_t rxFifoFullThreshold

For store and forward disable case, the data required in RX FIFO to notify the MAC
receive ready status.

uint8_t txFifoWatermark

For store and forward disable case, the data required in TX FIFO before a frame trans-
mit start.

uint8_t ringNum
Number of used rings. default with 1 &#8212; single ring.

enet_rx_alloc_callback_t rxBuffAlloc
Callback function to alloc memory, must be provided for zero-copy Rx.

enet_rx_free_callback_t rxBuffFree
Callback function to free memory, must be provided for zero-copy Rx.

enet_callback_t callback
General callback function.

void *userData
Callback function parameter.

struct _enet_tx_bd_ ring
#include <fsl_enet.h> Defines the ENET transmit buffer descriptor ring/queue structure.

Public Members
volatile enet_tx_bd_struct_t *txBdBase
Buffer descriptor base address pointer.
uint16_t txGenldx
The current available transmit buffer descriptor pointer.
uint16_t txConsumlIdx
Transmit consume index.
volatile uint16_t txDescUsed
Transmit descriptor used number.
uint16_t txRingLen
Transmit ring length.
struct _enet_rx_bd_ring
#include <fsl_enet.h> Defines the ENET receive buffer descriptor ring/queue structure.
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Public Members

volatile enet_rx_bd_struct_t *rxBdBase
Buffer descriptor base address pointer.

uint16_t rxGenldx

The current available receive buffer descriptor pointer.
uint16_t rxRingLen

Receive ring length.

struct enet_handle
#include <fsl_enet.h> Defines the ENET handler structure.

Public Members

enet_rx_bd_ring_t rxBdRing[1]

Receive buffer descriptor.
enet_tx_bd_ring_t txBdRing[1]

Transmit buffer descriptor.
uint16_t rxBuffSizeAlign[1]

Receive buffer size alignment.
uint16_t txBuffSizeAlign[1]

Transmit buffer size alignment.
bool rxMaintainEnable[1]

Receive buffer cache maintain.
bool txMaintainEnable[1]

Transmit buffer cache maintain.
uint8_t ringNum

Number of used rings.

enet_callback_t callback
Callback function.

void *userData

Callback function parameter.
enet_tx_dirty_ring_t txDirtyRing[1]

Ring to store tx frame information.
bool txReclaimEnable[1]

Tx reclaim enable flag.
enet_rx_alloc_callback_t rxBuffAlloc

Callback function to alloc memory for zero copy Rx.
enet_rx_free_callback_t rxBuffFree

Callback function to free memory for zero copy Rx.
uint8_t multicastCount[64]

Multicast collisions counter

struct enet buffer struct
#include <fsl_enet.h>
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Public Members

void *buffer
The buffer store the whole or partial frame.

uint16_t length
The byte length of this buffer.

struct enet rx frame attribute struct
#include <fsl_enet.h>

Public Members

bool promiscuous
This frame is received because of promiscuous mode.

struct _enet rx_frame struct
#include <fsl_enet.h>

Public Members

enet_buffer_struct_t *rxBuffArray
Rx frame buffer structure.

uint16_t totLen
Rx frame total length.

enet_rx_frame_attribute_t rxAttribute
Rx frame attribute structure.

enet_rx_frame_error._t rxFrameError
Rx frame error.

struct enet tx frame struct
#include <fsl_enet.h>

Public Members

enet_buffer_struct_t *txBuffArray
Tx frame buffer structure.

uint32_t txBuffNum
Buffer number of this Tx frame.

void *context
Driver reclaims and gives it in Tx over callback, usually store network packet header.

2.5 EQOS-TSN: Ethernet QoS with TSN Driver

2.6 Enet_gos_qgos
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void ENET__QOS_ GetDefaultConfig(enet_qos_config_t *config)
Gets the ENET default configuration structure.

The purpose of this API is to get the default ENET configure structure for ENET_QOS_Init().
User may use the initialized structure unchanged in ENET_QOS_Init(), or modify some fields
of the structure before calling ENET_QOS_Init(). Example:

enet__qos_ config_t config;
ENET _QOS_ GetDefaultConfig(&config);

Parameters
* config — The ENET mac controller configuration structure pointer.

status_t ENET__QOS__Up(ENET_QOS_Type *base, const enet_qos_config_t *config, uint8_t
*macAddr, uint8_t macCount, uint32_t refclkSrc_Hz)

Initializes the ENET module.
This function initializes it with the ENET basic configuration.
Parameters
* base — ENET peripheral base address.

* config— ENET mac configuration structure pointer. The “enet_qos_config_t”
type mac configuration return from ENET_QOS_GetDefaultConfig can be
used directly. It is also possible to verify the Mac configuration using other
methods.

* macAddr—Pointer to ENET mac address array of Ethernet device. This MAC
address should be provided.

» macCount — Count of macAddr in the ENET mac address array
* refclkSrc_ Hz — ENET input reference clock.

status_t ENET__QOS_ Init(ENET_QOS_Type *base, const enet_qos_config_t *config, uint8_t
*macAddr, uint8_t macCount, uint32_t refclkSrc_Hz)

Initializes the ENET module.
This function ungates the module clock and initializes it with the ENET basic configuration.
Parameters
* base — ENET peripheral base address.

* config— ENET mac configuration structure pointer. The “enet_qos_config_t”
type mac configuration return from ENET_QOS_GetDefaultConfig can be
used directly. It is also possible to verify the Mac configuration using other
methods.

* macAddr—Pointer to ENET mac address array of Ethernet device. This MAC
address should be provided.

» macCount — Count of macAddr in the ENET mac address array
* refclkSrc_ Hz — ENET input reference clock.

void ENET_QOS_Down(ENET_QOS_Type *base)
Stops the ENET module.

This function disables the ENET module.
Parameters

* base — ENET peripheral base address.
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void ENET__QOS_ Deinit(ENET_QOS_Type *base)
Deinitializes the ENET module.

This function gates the module clock and disables the ENET module.
Parameters
* base — ENET peripheral base address.

uint32_t ENET_QOS_ GetInstance(ENET_QOS_Type *base)
Get the ENET instance from peripheral base address.

Parameters
* base — ENET peripheral base address.

Returns
ENET instance.

status_t ENET_QOS_ Descriptorlnit(ENET_QOS_Type *base, enet_qos_config_t *config,
enet_qos_buffer_config_t *bufferConfig)

Initialize for all ENET descriptors.

Note: This function is do all tx/rx descriptors initialization. Because this API read all
interrupt registers first and then set the interrupt flag for all descriptors, if the inter-
rupt register is set. so the descriptor initialization should be called after ENET_QOS_Init(),
ENET_QOS_EnableInterrupts() and ENET _QOS_CreateHandle()(if transactional APIs are
used).

Parameters
* base — ENET peripheral base address.
* config — The configuration for ENET.
* bufferConfig — All buffers configuration.

status_t ENET_QOS_RxBufferAllocAll(ENET_QOS_Type *base, enet_qos_handle_t *handle)

Allocates Rx buffers for all BDs. It’s used for zero copy Rx. In zero copy Rx case, Rx buffers
are dynamic. This function will populate initial buffers in all BDs for receiving. Then
ENET_QOS_GetRxFrame() is used to get Rx frame with zero copy, it will allocate new buffer
to replace the buffer in BD taken by application application should free those buffers after
they’re used.

Note: This function should be called after ENET_QOS_CreateHandler() and buffer allocat-
ing callback function should be ready.

Parameters
* base — ENET_QOS peripheral base address.

* handle — The ENET_QOS handler structure. This is the same handler
pointer used in the ENET_QOS_Init.

void ENET QOS_ RxBufferFreeAll(ENET_QOS_Type *base, enet_qos_handle_t *handle)

Frees Rx buffers in all BDs. It’s used for zero copy Rx. In zero copy Rx case, Rx buffers are
dynamic. This function will free left buffers in all BDs.

Parameters
* base — ENET_QOS peripheral base address.
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* handle — The ENET _QOS handler structure. This is the same handler
pointer used in the ENET_QOS_Init.
void ENET QOS_ StartRxTx(ENET_QOS_Type *base, uint8_t txRingNum, uint8_t rxRingNum)

Starts the ENET rx/tx. This function enable the tx/rx and starts the rx/tx DMA. This shall be
set after ENET initialization and before starting to receive the data.

Note: This must be called after all the ENET initialization. And should be called when the
ENET receive/transmit is required.

Parameters
* base — ENET peripheral base address.

* rxRingNum — The number of the used rx rings. It shall not be larger than
the ENET_QOS_RING_NUM_MAX(2). If the ringNum is set with 1, the ring
0 will be used.

* txRingNum — The number of the used tx rings. It shall not be larger than
the ENET_QOS_RING_NUM_MAX(2). If the ringNum is set with 1, the ring
0 will be used.

status_t ENET_QOS_SetMII(ENET_QOS_Type *base, enet_qos_mii_speed_t speed,
enet_qos_mii_duplex_t duplex)

Sets the ENET MII speed and duplex.
This API is provided to dynamically change the speed and duplex for MAC.
Parameters
* base — ENET peripheral base address.
* speed — The speed of the RMII mode.
* duplex — The duplex of the RMII mode.

Returns
kStatus_Success The ENET MII speed and duplex has been set successfully.

Returns
kStatus_InvalidArgument Could not set the desired ENET MII speed and du-
plex combination.

void ENET_QOS_ SetSMI(ENET_QOS_Type *base, uint32_t csrClock_Hz)
Sets the ENET SMI(serial management interface)- MII management interface.

Parameters
* base — ENET peripheral base address.
» csrClock__Hz — CSR clock frequency in HZ

static inline bool ENET _QOS_ IsSMIBusy(ENET_QOS_Type *base)
Checks if the SMI is busy.

Parameters
* base — ENET peripheral base address.

Returns
The status of MII Busy status.

static inline uint16_t ENET_QOS_ ReadSMIData(ENET_QOS_Type *base)
Reads data from the PHY register through SMI interface.

Parameters
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* base — ENET peripheral base address.

Returns
The data read from PHY

void ENET__QOS_ StartSMIWrite(ENET_QOS_Type *base, uint8_t phyAddr, uint8_t regAddr,
uint16_t data)

Sends the MDIO IEEE802.3 Clause 22 format write command. After send command, user
needs to check whether the transmission is over with ENET_QOS_IsSMIBusy().

Parameters
* base — ENET peripheral base address.
* phyAddr — The PHY address.
* regAddr — The PHY register address.
* data — The data written to PHY.

void ENET__QOS_ StartSMIRead(ENET_QOS_Type *base, uint8_t phyAddr, uint8_t regAddr)

Sends the MDIO IEEE802.3 Clause 22 format read command. After send command, user
needs to check whether the transmission is over with ENET_QOS_IsSMIBusy().

Parameters
* base — ENET peripheral base address.
e phyAddr — The PHY address.
* regAddr — The PHY register address.

void ENET _QOS_ StartExtC45SMIWrite(ENET_QOS_Type *base, uint8_t portAddr, uint8_t
devAddr, uint16_t regAddr, uint16_t data)

Sends the MDIO IEEE802.3 Clause 45 format write command. After send command, user
needs to check whether the transmission is over with ENET_QOS_IsSMIBusy().

Parameters
* base — ENET peripheral base address.
* portAddr — The MDIO port address(PHY address).
* devAddr - The device address.
* regAddr — The PHY register address.
* data — The data written to PHY.

void ENET_QOS_ StartExtC45SMIRead (ENET_QOS_Type *base, uint8_t portAddr, uint8_t
devAddr, uint16_t regAddr)

Sends the MDIO IEEE802.3 Clause 45 format read command. After send command, user
needs to check whether the transmission is over with ENET_QOS_IsSMIBusy().

Parameters
* base — ENET peripheral base address.
» portAddr — The MDIO port address(PHY address).
* devAddr - The device address.
* regAddr — The PHY register address.

status_t ENET__QOS_MDIOWrite(ENET_QOS_Type *base, uint8_t phyAddr, uint8_t regAddr,
uint16_t data)

MDIO write with IEEE802.3 MDIO Clause 22 format.
Parameters

* base — ENET peripheral base address.
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* phyAddr — The PHY address.
* regAddr — The PHY register.
* data — The data written to PHY.

Returns
kStatus_Success MDIO access succeeds.

Returns
kStatus_Timeout MDIO access timeout.

status_t ENET__QOS_MDIORead(ENET_QOS_Type *base, uint8_t phyAddr, uint8_t regAddr,
uint16_t *pData)

MDIO read with IEEE802.3 MDIO Clause 22 format.
Parameters
* base — ENET peripheral base address.
* phyAddr — The PHY address.
* regAddr — The PHY register.
* pData — The data read from PHY.

Returns
kStatus_Success MDIO access succeeds.

Returns
kStatus_Timeout MDIO access timeout.

status_t ENET__QOS_MDIOC45Write(ENET_QOS_Type *base, uint8_t portAddr, uint8_t devAddr,
uint16_t regAddr, uint16_t data)

MDIO write with IEEE802.3 Clause 45 format.
Parameters
* base — ENET peripheral base address.
¢ portAddr — The MDIO port address(PHY address).
* devAddr - The device address.
* regAddr — The PHY register address.
* data — The data written to PHY.

Returns
kStatus_Success MDIO access succeeds.

Returns
kStatus_Timeout MDIO access timeout.

status_t ENET__QOS_MDIOC45Read(ENET_QOS_Type *base, uint8_t portAddr, uint8_t devAddr,
uint16_t regAddr, uint16_t *pData)

MDIO read with IEEE802.3 Clause 45 format.
Parameters
* base — ENET peripheral base address.
¢ portAddr — The MDIO port address(PHY address).
* devAddr - The device address.
* regAddr — The PHY register address.
* pData — The data read from PHY.

Returns
kStatus_Success MDIO access succeeds.
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Returns
kStatus_Timeout MDIO access timeout.

static inline void ENET_ QOS_ SetMacAddr(ENET_QOS_Type *base, uint8_t *macAddr, uint8_t
index)

Sets the ENET module Mac address.
Parameters
* base — ENET peripheral base address.

* macAddr — The six-byte Mac address pointer. The pointer is allocated by
application and input into the API.

* index — Configure macAddr to MAC_ADDRESS[index] register.

void ENET _QOS_ GetMacAddr(ENET_QOS_Type *base, uint8_t *macAddr, uint8_t index)
Gets the ENET module Mac address.

Parameters
* base — ENET peripheral base address.

* macAddr — The six-byte Mac address pointer. The pointer is allocated by
application and input into the API.

* index — Get macAddr from MAC_ADDRESS[index] register.

void ENET__QOS_ AddMulticastGroup(ENET_QOS_Type *base, uint8_t *address)
Adds the ENET_QOS device to a multicast group.

Parameters
* base — ENET_QOS peripheral base address.

* address — The six-byte multicast group address which is provided by appli-
cation.

void ENET__QOS_ LeaveMulticastGroup(ENET_QOS_Type *base, uint8_t *address)
Moves the ENET_QOS device from a multicast group.

Parameters
* base — ENET_QOS peripheral base address.

* address — The six-byte multicast group address which is provided by appli-
cation.

static inline void ENET _QOS__ AcceptAllMulticast(ENET_QOS_Type *base)
Enable ENET device to accept all multicast frames.

Parameters
* base — ENET peripheral base address.

static inline void ENET_QOS_ RejectAllMulticast(ENET_QOS_Type *base)
ENET device reject to accept all multicast frames.

Parameters
* base — ENET peripheral base address.

void ENET _QOS_ EnterPowerDown(ENET_QOS_Type *base, uint32_t *wakeFilter)

Set the MAC to enter into power down mode. the remote power wake up frame and magic
frame can wake up the ENET from the power down mode.

Parameters

* base — ENET peripheral base address.
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* wakeFilter — The wakeFilter provided to configure the wake up frame fil-
ter. Set the wakeFilter to NULL is not required. But if you have the filter
requirement, please make sure the wakeFilter pointer shall be eight con-
tinuous 32-bits configuration.

static inline void ENET_QOS_ ExitPowerDown(ENET_QOS_Type *base)

Set the MAC to exit power down mode. Exit from the power down mode and recover to
normal work mode.

Parameters
* base — ENET peripheral base address.

status_t ENET__QOS_ EnableRxParser(ENET_QOS_Type *base, bool enable)

Enable/Disable Rx parser,please notice that for enable/disable Rx Parser, should better dis-
able Receive first.

Parameters
* base — ENET_QOS peripheral base address.
* enable — Enable/Disable Rx parser function
Return values
* kStatus_Success — Configure rx parser success.
* kStatus. ENET _QOS_ Timeout — Poll status flag timeout.

void ENET _QOS_ Enablelnterrupts(ENET_QOS_Type *base, uint32_t mask)
Enables the ENET DMA and MAC interrupts.

This function enables the ENET interrupt according to the provided mask. The mask is a
logical OR of enet_qos_dma_interrupt_enable_t and enet_qos_mac_interrupt_enable_t. For
example, to enable the dma and mac interrupt, do the following.

ENET_QOS_ Enablelnterrupts(ENET, KENET _QOS_DmaRx | kENET _QOS_DmaTx | KENET _
—QOS_ MacPmt);

Parameters
* base — ENET peripheral base address.

*» mask — ENET interrupts to enable. This is a logical OR of
both  enumeration : enet_qos_dma_interrupt_enable_t and
enet_qos_mac_interrupt_enable_t.

void ENET__QOS_ Disablelnterrupts(ENET_QOS_Type *base, uint32_t mask)
Disables the ENET DMA and MAC interrupts.
This function disables the ENET interrupt according to the provided mask. The mask is a

logical OR of enet_qos_dma_interrupt_enable_t and enet_gos_mac_interrupt_enable_t. For
example, to disable the dma and mac interrupt, do the following.

ENET__QOS_ DisableInterrupts(ENET, kKENET__QOS_DmaRx | kKENET_QOS_DmaTx | kKENET__
—QOS_MacPmt);

Parameters
* base — ENET peripheral base address.

* mask — ENET interrupts to disables. This is a logical OR of
both enumeration :: enet_qos_dma_interrupt_enable_t and
enet_qos_mac_interrupt_enable_t.
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static inline uint32_t ENET_ QOS_ GetDmalnterruptStatus(ENET_QOS_Type *base, uint8_t
channel)

Gets the ENET DMA interrupt status flag.
Parameters
* base — ENET peripheral base address.

* channel - The DMA Channel Shall not be larger than
ENET_QOS_RING_NUM_MAX.

Returns
The event status of the interrupt source. This is the logical OR of members of
the enumeration :: enet_qos_dma_interrupt_enable_t.

static inline void ENET__QOS__ClearDmalnterruptStatus(ENET_QOS_Type *base, uint8_t channel,
uint32_t mask)

Clear the ENET DMA interrupt status flag.
Parameters
* base — ENET peripheral base address.

* channel - The DMA Channel. Shall not be larger than
ENET_QOS_RING_NUM_MAX.

» mask — The interrupt status to be cleared. This is the logical OR of members
of the enumeration :: enet_qos_dma_interrupt_enable_t.

static inline uint32_t ENET _QOS_ GetMacInterruptStatus(ENET_QOS_Type *base)
Gets the ENET MAC interrupt status flag.

Parameters
* base — ENET peripheral base address.

Returns
The event status of the interrupt source. Use the
enum in enet_qos_mac_interrupt_enable_t and right shift
ENET_QOS_MACINT_ENUM_OFFSET to mask the returned value to get
the exact interrupt status.

void ENET QOS_ ClearMacInterruptStatus(ENET_QOS_Type *base, uint32_t mask)
Clears the ENET mac interrupt events status flag.

This function clears enabled ENET interrupts according to the provided mask. The mask
is a logical OR of enumeration members. See the enet_gos_mac_interrupt_enable_t. For
example, to clear the TX frame interrupt and RX frame interrupt, do the following.

ENET__QOS_ ClearMacInterruptStatus(ENET, kKENET__QOS_ MacPmt);

Parameters
* base — ENET peripheral base address.

» mask — ENET interrupt source to be cleared. This is the logical OR of mem-
bers of the enumeration :: enet_gos_mac_interrupt_enable_t.

static inline bool ENET__QOS_ IsTxDescriptorDmaOwn(enet_qos_tx_bd_struct_t *txDesc)
Get the tx descriptor DMA Own flag.

Parameters
* txDesc — The given tx descriptor.

Return values
True — the dma own tx descriptor; false application own tx descriptor.
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void ENET__QOS_ SetupTxDescriptor(enet_qos_tx_bd_struct_t *txDesc, void *bufferl, uint32_t
bytes1, void *buffer2, uint32_t bytes2, uint32_t framelen,
bool intEnable, bool tsEnable, enet_qos_desc_flag flag,
uint8_t slotNum)

Setup a given tx descriptor. This function is a low level functional API to setup or prepare
a given tx descriptor.

Note: This must be called after all the ENET initialization. And should be called when the
ENET receive/transmit is required. Transmit buffers are ‘zero-copy’ buffers, so the buffer
must remain in memory until the packet has been fully transmitted. The buffers should be
free or requeued in the transmit interrupt irq handler.

Parameters
* txDesc — The given tx descriptor.
* bufferl — The first buffer address in the descriptor.
* bytesl — The bytes in the fist buffer.
* buffer2 — The second buffer address in the descriptor.
* bytes2 — The bytes in the second buffer.
¢ framelen — The length of the frame to be transmitted.
* intEnable — Interrupt enable flag.
* tsEnable — The timestamp enable.
* flag — The flag of this tx descriptor, enet_qos_desc_flag .
* slotNum — The slot num used for AV only.

static inline void ENET__QOS_ UpdateTxDescriptorTail(ENET_QOS_Type *base, uint8_t channel,
uint32_t txDescTailAddrAlign)

Update the tx descriptor tail pointer. This function is a low level functional API to update
the the tx descriptor tail. This is called after you setup a new tx descriptor to update the tail
pointer to make the new descriptor accessible by DMA.

Parameters
* base — ENET peripheral base address.
* channel — The tx DMA channel.
¢ txDescTailAddrAlign — The new tx tail pointer address.

static inline void ENET_QOS_ UpdateRxDescriptorTail(ENET_QOS_Type *base, uint8_t channel,
uint32_t rxDescTailAddrAlign)

Update the rx descriptor tail pointer. This function is a low level functional API to update
the the rx descriptor tail. This is called after you setup a new rx descriptor to update the tail
pointer to make the new descriptor accessible by DMA and to anouse the rx poll command
for DMA.

Parameters
* base — ENET peripheral base address.
¢ channel — The rx DMA channel.

* rxDescTailAddrAlign — The new rx tail pointer address.
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static inline uint32_t ENET_ QOS_ GetRxDescriptor(enet_qos_rx_bd_struct_t *rxDesc)

Gets the context in the ENET rx descriptor. This function is a low level functional API to get
the the status flag from a given rx descriptor.

Note: This must be called after all the ENET initialization. And should be called when the
ENET receive/transmit is required.

Parameters
* rxDesc — The given rx descriptor.

Return values
The — RDES3 regions for write-back format rx buffer descriptor.

void ENET__QOS_ UpdateRxDescriptor(enet_qos_rx_bd_struct_t *rxDesc, void *bufferl, void
*buffer2, bool intEnable, bool doubleBuffEnable)

Updates the buffers and the own status for a given rx descriptor. This function is a low level
functional API to Updates the buffers and the own status for a given rx descriptor.

Note: This must be called after all the ENET initialization. And should be called when the
ENET receive/transmit is required.

Parameters
* rxDesc — The given rx descriptor.
* bufferl — The first buffer address in the descriptor.
* buffer2 — The second buffer address in the descriptor.
¢ intEnable — Interrupt enable flag.
* doubleBuffEnable — The double buffer enable flag.

status_t ENET__QOS_ ConfigureRxParser(ENET_QOS_Type *base, enet_qos_rxp_config t
*rxpConfig, uint16_t entryCount)

Configure flexible rx parser.
This function is used to configure the flexible rx parser table.
Parameters
* base — ENET peripheral base address..
* rxpConfig — The rx parser configuration pointer.
* entryCount — The rx parser entry count.
Return values
* kStatus_ Success — Configure rx parser success.
* kStatus_ ENET__QOS_ Timeout — Poll status flag timeout.

status_t ENET_QOS_ ReadRxParser(ENET_QOS_Type *base, enet_qos_rxp_config_t *rxpConfig,
uint16_t entrylndex)

Read flexible rx parser configuration at specified index.
This function is used to read flexible rx parser configuration at specified index.
Parameters
* base — ENET peripheral base address..

* rxpConfig — The rx parser configuration pointer.
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* entrylndex — The rx parser entry index to read, start from 0.
Return values

* kStatus_ Success — Configure rx parser success.

* kStatus. ENET QOS_ Timeout — Poll status flag timeout.

status_t ENET QOS_ EstProgramGecl(ENET_QOS_Type *base, enet_qos_est_gcl t *gcl, uint32_t
ptpClk_Hz)

Program Gate Control List.
This function is used to program the Enhanced Scheduled Transmisson. (IEEE802.1Qbv)
Parameters
* base — ENET peripheral base address..
» gcl — Pointer to the Gate Control List structure.
» ptpClk_ Hz — frequency of the PTP clock.

status_t ENET_QOS_ EstReadGcl(ENET_QOS_Type *base, enet_qos_est_gcl t *gcl, uint32_t
listLen, bool hwList)

Read Gate Control List.
This function is used to read the Enhanced Scheduled Transmisson list. IEEE802.1Qbv)
Parameters
* base — ENET peripheral base address..
* gcl — Pointer to the Gate Control List structure.
* listLen —length of the provided opList array in gcl structure.
* hwList — Boolean if True read HW list, false read SW list.

static inline void ENET _QOS_ FpeEnable(ENET_QOS_Type *base)
Enable Frame Preemption.

This function is used to enable frame preemption. (EEE802.1Qbu)
Parameters
* base — ENET peripheral base address..

static inline void ENET__QOS_ FpeDisable(ENET_QOS_Type *base)
Disable Frame Preemption.

This function is used to disable frame preemption. IEEE802.1Qbu)
Parameters
* base — ENET peripheral base address..

static inline void ENET__QOS_ FpeConfigPreemptable(ENET_QOS_Type *base, uint8_t
queueMask)

Configure preemptable transmit queues.
This function is used to configure the preemptable queues. (IEEE802.1Qbu)
Parameters
* base — ENET peripheral base address..

* queueMask —bitmask representing queues to set in preemptable mode. The
N-th bit represents the queue N.
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void ENET__QOS__AVBConfigure(ENET_QOS_Type *base, const enet_qos_cbs_config_t *config,
uint8_t queuelndex)

Sets the ENET AVB feature.

ENET_QOS AVB feature configuration, set transmit bandwidth. This API is called when the
AVB feature is required.

Parameters
* base — ENET_QOS peripheral base address.
* config — The ENET_QOS AVB feature configuration structure.
* queuelndex — ENET_QOS queue index.

void ENET__QOS_ GetStatistics(ENET_QOS_Type *base, enet_qos_transfer_stats_t *statistics)
Gets statistical data in transfer.

Parameters
* base — ENET_QOS peripheral base address.
* statistics — The statistics structure pointer.

void ENET _QOS_ CreateHandler(ENET_QOS_Type *base, enet_qos_handle_t *handle,
enet_qos_config_ t *config, enet_qos_buffer_config t
*bufferConfig, enet_qos_callback _t callback, void *userData)

Create ENET Handler.

This is a transactional API and it’s provided to store all data which are needed during the
whole transactional process. This API should not be used when you use functional APIs to
do data tx/rx. This is function will store many data/flag for transactional use, so all configure
API such as ENET_QOS_Init(), ENET_QOS_DescriptorInit(), ENET_QOS_EnableInterrupts()
etc.

Note: asour transactional transmit API use the zero-copy transmit buffer. so there are two
thing we emphasize here:

a. tx buffer free/requeue for application should be done in the tx interrupt handler.
Please set callback: KENET_QOS_TxIntEvent with tx buffer free/requeue process APIs.

b. the tx interrupt is forced to open.

Parameters
* base — ENET peripheral base address.
* handle — ENET handler.
* config — ENET configuration.
* bufferConfig — ENET buffer configuration.
* callback — The callback function.
* userData — The application data.

status_t ENET _QOS_ GetRxFrameSize(ENET_QOS_Type *base, enet_qos_handle_t *handle,
uint32_t *length, uint8_t channel)

Gets the size of the read frame. This function gets a received frame size from the ENET
buffer descriptors.

Note: The FCS of the frame is automatically removed by MAC and the
size is the length without the FCS. After calling ENET QOS_GetRxFrameSize,
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ENET_QOS_ReadFrame() should be called to update the receive buffers If the result is
not “kStatus_ENET_QOS_RxFrameEmpty”.

Parameters
* base — ENET peripheral base address.

* handle — The ENET handler structure. This is the same handler pointer
used in the ENET_QOS_Init.

* length — The length of the valid frame received.
* channel — The DMAC channel for the rx.
Return values

e kStatus ENET_QOS_ RxFrameEmpty — No frame received. Should not call
ENET_QOS_ReadFrame to read frame.

* kStatus_ ENET__QOS_ RxFrameError - Data error happens.
ENET_QOS_ReadFrame should be called with NULL data and NULL
length to update the receive buffers.

* kStatus_Success — Receive a frame Successfully then the
ENET_QOS_ReadFrame should be called with the right data buffer
and the captured data length input.

status_t ENET _QOS_ReadFrame(ENET_QOS_Type *base, enet_qos_handle_t *handle, uint8_t
*data, uint32_t length, uint8_t channel, enet_qos_ptp_time_t
*ts)
Reads a frame from the ENET device. This function reads a frame from the ENET DMA
descriptors. The ENET_QOS_GetRxFrameSize should be used to get the size of the prepared
data buffer. For example use rx dma channel 0:

uint32_t length;

enet__qos__handle_t g_handle;

status = ENET_QOS_ GetRxFrameSize(&g handle, &length, 0);
if (length != 0)

uint8_t *data = memory allocate interface;

if (!data)
{
ENET _QOS_ReadFrame(ENET, &g handle, NULL, 0, 0);
}
else
{
status = ENET__QOS_ ReadFrame(ENET, &g handle, data, length, 0);
}
}
else if (status == kStatus. ENET QOS_ RxFrameError)
{
ENET_QOS_ReadFrame(ENET, &g _handle, NULL, 0, 0);
}
Parameters

* base — ENET peripheral base address.

* handle — The ENET handler structure. This is the same handler pointer
used in the ENET_QOS_Init.

* data— The data buffer provided by user to store the frame which memory
size should be at least “length”.
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* length — The size of the data buffer which is still the length of the received
frame.

* channel — The rx DMA channel. shall not be larger than 2.
* ts—Pointer to the structure enet_qos_ptp_time_t to save frame timestamp.

Returns
The execute status, successful or failure.

status_t ENET__QOS_ SendFrame(ENET_QOS_Type *base, enet_qos_handle_t *handle, uint8_t
*data, uint32_t length, uint8_t channel, bool isNeedTs, void
*context, enet_qos_tx_offload_t txOffloadOps)

Transmits an ENET frame.

Note: The CRC is automatically appended to the data. Input the data to send without the
CRC.

Parameters
* base — ENET peripheral base address.

* handle — The ENET handler pointer. This is the same handler pointer used
in the ENET_QOS_Init.

* data — The data buffer provided by user to be send.

* length — The length of the data to be send.

* channel — Channel to send the frame, same with queue index.
¢ isNeedTs — True to enable timestamp save for the frame

* context — pointer to user context to be kept in the tx dirty frame informa-
tion.

* txOffloadOps — The Tx frame checksum offload option.
Return values
* kStatus_ Success — Send frame succeed.

* kStatus_ ENET__QOS_ TxFrameBusy — Transmit buffer descriptor is busy
under transmission. The transmit busy happens when the data send rate
is over the MAC capacity. The waiting mechanism is recommended to be
added after each call return with kStatus_ENET_QOS_TxFrameBusy.

void ENET__QOS_ ReclaimTxDescriptor(ENET_QOS_Type *base, enet_qos_handle_t *handle,
uint8_t channel)

Reclaim tx descriptors. This function is used to update the tx descriptor status and store
the tx timestamp when the 1588 feature is enabled. This is called by the transmit interrupt
IRQ handler after the complete of a frame transmission.

Parameters
* base — ENET peripheral base address.

* handle — The ENET handler pointer. This is the same handler pointer used
in the ENET_QOS_Init.

* channel — The tx DMA channel.

void ENET _QOS_ CommonIRQHandler(ENET_QOS_Type *base, enet_qos_handle_t *handle)
The ENET IRQ handler.

Parameters
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* base — ENET peripheral base address.
* handle — The ENET handler pointer.

void ENET QOS_ SetISRHandler(ENET_QOS_Type *base, enet_qos_isr_t ISRHandler)

Set the second level IRQ handler, allow user to overwrite the default second level weak IRQ
handler.

Parameters
* base — ENET peripheral base address.
e ISRHandler — The handler to install.

status_t ENET__QOS_ Ptp1588CorrectTimerInCoarse(ENET_QOS_Type *base, enet_qos_systime_op
operation, uint32_t second, uint32_t
nanosecond)

Correct the ENET PTP 1588 timer in coarse method.
Parameters
* base — ENET peripheral base address.
* operation — The system time operation, refer to “enet_qos_systime_op”
* second — The correction second.
* nanosecond — The correction nanosecond.

status_t ENET__QOS_ Ptp1588CorrectTimerInFine(ENET_QOS_Type *base, uint32_t addend)
Correct the ENET PTP 1588 timer in fine method.

Note: Should take refer to the chapter “System time correction” and see the description
for the “fine correction method”.

Parameters
* base — ENET peripheral base address.
* addend — The addend value to be set in the fine method

static inline uint32_t ENET_ QOS_ Ptp1588GetAddend(ENET_QOS_Type *base)
Get the ENET Time stamp current addend value.

Parameters
* base — ENET peripheral base address.

Returns
The addend value.

void ENET__QOS_ Ptp1588GetTimerNoIRQDisable(ENET_QOS_Type *base, uint64_t *second,
uint32_t *nanosecond)

Gets the current ENET time from the PTP 1588 timer without IRQ disable.
Parameters
* base — ENET peripheral base address.
* second — The PTP 1588 system timer second.

* nanosecond — The PTP 1588 system timer nanosecond. For the unit of the
nanosecond is I1ns. so the nanosecond is the real nanosecond.
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static inline status_t ENET_ Ptp1588PpsControl(ENET_QOS_Type *base,
enet_qos_ptp_pps_instance_t instance,
enet_qos_ptp_pps_trgt_mode_t trgtMode,
enet_qos_ptp_pps_cmd_t cmd)

Sets the ENET PTP 1588 PPS control. All channels operate in flexible PPS output mode.
Parameters
* base — ENET peripheral base address.
* instance — The ENET QOS PTP PPS instance.
* trgtMode — The target time register mode.
* ¢cmd — The target flexible PPS output control command.

status_t ENET__QOS_ Ptp1588PpsSetTrgt Time(ENET_QOS_Type *base,
enet_qos_ptp_pps_instance_t instance, uint32_t
seconds, uint32_t nanoseconds)

Sets the ENET OQS PTP 1588 PPS target time registers.
Parameters
* base — ENET QOS peripheral base address.
* instance — The ENET QOS PTP PPS instance.
* seconds — The target seconds.
* nanoseconds — The target nanoseconds.

static inline void ENET_QOS_ Ptp1588PpsSetWidth(ENET_QOS_Type *base,
enet_qos_ptp_pps_instance_t instance,
uint32_t width)

Sets the ENET OQS PTP 1588 PPS output signal interval.
Parameters
* base — ENET QOS peripheral base address.
* instance — The ENET QOS PTP PPS instance.

* width — Signal Width. It is stored in terms of number of units of sub-second
increment value. The width value must be lesser than interval value.

static inline void ENET__QOS_ Ptp1588PpsSetInterval(ENET_QOS_Type *base,
enet_qos_ptp_pps_instance_t instance,
uint32_t interval)

Sets the ENET OQS PTP 1588 PPS output signal width.
Parameters
* base — ENET QOS peripheral base address.
* instance — The ENET QOS PTP PPS instance.

* interval — Signal Interval. It is stored in terms of number of units of sub-
second increment value.

void ENET _QOS_ Ptp1588GetTimer(ENET_QOS_Type *base, uint64_t *second, uint32_t
*nanosecond)

Gets the current ENET time from the PTP 1588 timer.
Parameters
* base — ENET peripheral base address.
* second — The PTP 1588 system timer second.
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* nanosecond — The PTP 1588 system timer nanosecond. For the unit of the
nanosecond is 1ns.so the nanosecond is the real nanosecond.

void ENET QOS_ GetTxFrame(enet_qos_handle_t *handle, enet_qos_frame_info_t *txFrame,

uint8_t channel)
Gets the time stamp of the transmit frame.

This function is used for PTP stack to get the timestamp captured by the ENET driver.
Parameters

* handle - The ENET handler pointerThis is the same state pointer used in
ENET_QOS_Init.

* txFrame — Input parameter;, pointer to enet_qos_frame_info_t for saving
read out frame information.

¢ channel — Channel for searching the tx frame.

status_t ENET _QOS_ GetRxFrame(ENET_QOS_Type *base, enet_qos_handle_t *handle,

enet_qos_rx_frame_struct_t *rxFrame, uint8_t channel)
Receives one frame in specified BD ring with zero copy.
This function will use the user-defined allocate and free callback. Every time application

gets one frame through this function, driver will allocate new buffers for the BDs whose
buffers have been taken by application.

Note: This function will drop current frame and update related BDs as available for DMA
if new buffers allocating fails. Application must provide a memory pool including at least
BD number + 1 buffers(+2 if enable double buffer) to make this function work normally.
If user calls this function in Rx interrupt handler, be careful that this function makes Rx
BD ready with allocating new buffer(normal) or updating current BD(out of memory). If
there’s always new Rx frame input, Rx interrupt will be triggered forever. Application need
to disable Rx interrupt according to specific design in this case.

Parameters
* base — ENET peripheral base address.

* handle — The ENET handler pointer. This is the same handler pointer used
in the ENET _Init.

 rxFrame — The received frame information structure provided by user.
¢ channel — Channel for searching the rx frame.
Return values

* kStatus_ Success — Succeed to get one frame and allocate new memory for
Rx buffer.

¢ kStatus_ ENET__QOS_ RxFrameEmpty — There’s no Rx frame in the BD.
* kStatus_ ENET__QOS_ RxFrameError — There’s issue in this receiving.

* kStatus_ ENET__QOS_ RxFrameDrop — There’s no new buffer memory for
BD, drop this frame.

FSL_ENET_ QOS_DRIVER VERSION

Defines the driver version.

ENET_QOS_RXDESCRIP_RD_BUFF1VALID_MASK

Defines for read format.
Buffer1 address valid.
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ENET_QOS_RXDESCRIP_RD_BUFF2VALID MASK
Buffer2 address valid.

ENET_QOS_RXDESCRIP_RD_I0C_MASK
Interrupt enable on complete.

ENET_QOS_RXDESCRIP_RD_OWN_MASK
Own bit.

ENET_QOS_RXDESCRIP_WR_ERR_MASK
Defines for write back format.

ENET QOS_RXDESCRIP._WR_PYLOAD MASK
ENET QOS_RXDESCRIP_WR_PTPMSGTYPE MASK
ENET QOS_RXDESCRIP_WR_ PTPTYPE MASK
ENET QOS_RXDESCRIP_WR_PTPVERSION MASK
ENET QOS_RXDESCRIP_WR_PTPTSA_ MASK
ENET QOS_RXDESCRIP_WR_ PACKETLEN MASK
ENET _QOS_RXDESCRIP_WR_ERRSUM_MASK
ENET QOS_RXDESCRIP_WR TYPE MASK

ENET QOS_RXDESCRIP_WR_ DE MASK

ENET QOS_RXDESCRIP_WR_RE MASK

ENET QOS_RXDESCRIP. WR_ OE MASK

ENET_ QOS_RXDESCRIP._ WR_RWT_ MASK
ENET_QOS_RXDESCRIP_WR_GP_MASK

ENET QOS_RXDESCRIP_WR_ CRC_MASK

ENET QOS_RXDESCRIP_WR_RSO0V_MASK

ENET QOS_RXDESCRIP_WR_ RS1V_MASK

ENET QOS_RXDESCRIP_WR_RS2V_MASK

ENET_ QOS_RXDESCRIP_WR_LD_MASK

ENET QOS_RXDESCRIP_WR_ FD MASK

ENET QOS_RXDESCRIP_WR_CTXT_ MASK

ENET QOS_RXDESCRIP_WR OWN_MASK

ENET QOS_RXDESCRIP_WR_SA FAILURE MASK
ENET QOS_RXDESCRIP_WR_DA FAILURE MASK

ENET_ QOS_TXDESCRIP_RD_BL1_ MASK
Defines for read format.

ENET_QOS_TXDESCRIP_RD_BL2_ MASK

ENET_QOS_TXDESCRIP_RD_BL1(n)
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ENET_QOS_TXDESCRIP_RD_BL2(n)

ENET QOS_TXDESCRIP_RD TTSE MASK
ENET_QOS_TXDESCRIP_RD_IOC_MASK
ENET_QOS_TXDESCRIP_RD_FL_ MASK
ENET QOS_TXDESCRIP_RD_FL(n)
ENET_QOS_TXDESCRIP_RD_CIC(n)
ENET_QOS_TXDESCRIP_RD TSE MASK
ENET QOS_TXDESCRIP_RD_SLOT(n)
ENET_QOS_TXDESCRIP_RD_SAIC(n)
ENET _QOS_TXDESCRIP_RD CPC(n)
ENET_QOS_TXDESCRIP_RD_LDFD(n)
ENET QOS_TXDESCRIP_RD LD MASK
ENET QOS_TXDESCRIP_RD_FD_ MASK
ENET _QOS_TXDESCRIP_RD_CTXT MASK
ENET QOS_TXDESCRIP._RD_ OWN_MASK
ENET_QOS_TXDESCRIP_WB_TTSS MASK

Defines for write back format.
ENET QOS_ABNORM_INT MASK

ENET_QOS_NORM_INT_MASK

ENET_QOS_RING_NUM__MAX

The Maximum number of tx/rx descriptor rings.
ENET_ QOS_FRAME_MAX FRAMELEN

Default maximum Ethernet frame size.
ENET_QOS_FCS_LEN

Ethernet FCS length.
ENET_QOS_ADDR__ALIGNMENT

Recommended Ethernet buffer alignment.
ENET_QOS_BUFF_ALIGNMENT

Receive buffer alignment shall be 4bytes-aligned.
ENET_QOS_MTL_RXFIFOSIZE

The rx fifo size.

ENET_QOS_MTL_ TXFIFOSIZE
The tx fifo size.

ENET_QOS_MACINT_ENUM_ OFFSET
The offest for mac interrupt in enum type.

ENET_ QOS_RXP_ENTRY_COUNT
RXP table entry count, implied by FRPES in MAC_HW_FEATURE3
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ENET_QOS_RXP_BUFFER_SIZE
RXP Bulffer size, implied by FRPBS in MAC_HW_FEATURE3

ENET_QOS_EST WID
Width of the time interval in Gate Control List

ENET_QOS_EST_DEP
Maxmimum depth of Gate Control List

Defines the status return codes for transaction.

Values:

enumerator kStatus_ ENET__QOS_ InitMemoryFail
Init fails since buffer memory is not enough.

enumerator kStatus. ENET QOS_RxFrameError
A frame received but data error happen.

enumerator kStatus_ ENET _QOS_ RxFrameFail
Failed to receive a frame.

enumerator kStatus_ ENET _QOS_ RxFrameEmpty
No frame arrive.

enumerator kStatus_ ENET__QOS_RxFrameDrop
Rx frame is dropped since no buffer memory.

enumerator kStatus_ ENET _QOS_ TxFrameBusy
Transmit descriptors are under process.

enumerator kStatus. ENET QOS_ TxFrameFail
Transmit frame fail.

enumerator kStatus. ENET QOS_TxFrameOverLen
Transmit oversize.

enumerator kStatus_ ENET__QOS_ Est_ SwListBusy
SW Gcl List not yet processed by HW.

enumerator kStatus_ ENET__QOS_ Est_ SwListWriteAbort
SW Gcl List write aborted .

enumerator kStatus. ENET QOS__ Est_ InvalidParameter
Invalid parameter in Gcl List .

enumerator kStatus_ ENET _QOS_ Est_ BtrError
Base Time Error when loading list.

enumerator kStatus_ ENET QOS_ TrgtBusy
Target time register busy.

enumerator kStatus_ ENET__QOS_ Timeout
Target time register busy.

enumerator kStatus_ ENET__QOS_ PpsBusy
Pps command busy.

enum _ enet_ qos_mii__mode
Defines the MII/RGMII mode for data interface between the MAC and the PHY.

Values:
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enumerator kENET QOS_MiiMode
MII mode for data interface.

enumerator kENET QOS_RgmiiMode
RGMII mode for data interface.

enumerator kENET QOS_RmiiMode
RMII mode for data interface.

enum _ enet_ qos_ mii_ speed

Defines the 10/100/1000 Mbps speed for the MII data interface.

Values:

enumerator kENET _QOS_ MiiSpeed10M
Speed 10 Mbps.

enumerator kENET _QOS_ MiiSpeed100M
Speed 100 Mbps.

enumerator KENET QOS_ MiiSpeed1000M
Speed 1000 Mbps.

enumerator KENET QOS_ MiiSpeed2500M
Speed 2500 Mbps.

enum _ enet_ qos_ mii_ duplex
Defines the half or full duplex for the MII data interface.
Values:
enumerator KENET QOS_ MiiHalfDuplex
Half duplex mode.
enumerator KENET QOS_ MiiFullDuplex
Full duplex mode.
enum _enet_ qos_mii_normal opcode
Define the MII opcode for normal MDIO_CLAUSES_22 Frame.
Values:
enumerator kENET _QOS_ MiiWriteFrame
Write frame operation for a valid MII management frame.
enumerator kENET QOS_MiiReadFrame
Read frame operation for a valid MII management frame.
enum _ enet_ qos_ dma_ burstlen
Define the DMA maximum transmit burst length.
Values:
enumerator kENET QOS_ BurstLenl
DMA burst length 1.
enumerator kENET _QOS_ BurstLen2
DMA burst length 2.
enumerator kENET __QOS_ BurstLen4
DMA burst length 4.

enumerator KENET QOS_BurstLen8
DMA burst length 8.
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enumerator kENET QOS_ BurstLenl6
DMA burst length 16.

enumerator kENET QOS_BurstLen32

DMA burst length 32.
enumerator kENET QOS_ BurstLen64

DMA burst length 64. eight times enabled.
enumerator kENET _QOS_ BurstLen128

DMA burst length 128. eight times enabled.
enumerator kKENET QOS_ BurstLen256

DMA burst length 256. eight times enabled.

enum _ enet_ qos_ desc_ flag

Define the flag for the descriptor.
Values:
enumerator kENET QOS_ MiddleFlag

It’s a middle descriptor of the frame.
enumerator kKENET _QOS_ LastFlagOnly

It’s the last descriptor of the frame.
enumerator kENET _QOS_ FirstFlagOnly

It’s the first descriptor of the frame.
enumerator kKENET__QOS_ FirstLastFlag

It’s the first and last descriptor of the frame.

enum _ enet_ qos_ systime_ op
Define the system time adjust operation control.
Values:
enumerator kENET QOS_SystimeAdd
System time add to.
enumerator KENET QOS_ SystimeSubtract
System time subtract.
enum _enet_qos_ ts_rollover_type
Define the system time rollover control.
Values:

enumerator kKENET__QOS_ BinaryRollover
System time binary rollover.

enumerator kKENET__QOS_ DigitalRollover
System time digital rollover.

enum _ enet_ qos_ special__config
Defines some special configuration for ENET.
These control flags are provided for special user requirements. Normally, these is no need

to set this control flags for ENET initialization. But if you have some special requirements,
set the flags to specialControl in the enet_qos_config _t.

Note: “KENET_QOS_StoreAndForward” is recommended to be set.

Values:
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enumerator kENET QOS_ DescDoubleBuffer
The double buffer is used in the tx/rx descriptor.

enumerator kENET _QOS_ StoreAndForward
The rx/tx store and forward enable.

enumerator kENET _QOS_ PromiscuousEnable
The promiscuous enabled.

enumerator kENET QOS_ FlowControlEnable
The flow control enabled.

enumerator kENET QOS_ BroadCastRxDisable
The broadcast disabled.

enumerator kENET QOS_Multicast AllEnable
All multicast are passed.

enumerator kENET QOS_ 8023AS2KPacket
8023as support for 2K packets.

enumerator KENET QOS_HashMulticastEnable
The multicast packets are filtered through hash table.

enumerator KENET QOS_RxChecksumOffloadEnable
The Rx checksum offload enabled.

enum _ enet_ qos_dma,__interrupt_ enable

List of DMA interrupts supported by the ENET interrupt. This enumeration
encoding to allow a logical OR of multiple members.

Values:

enumerator kKENET QOS_ DmaTx
Tx interrupt.

enumerator KENET QOS_ DmaTxStop
Tx stop interrupt.

enumerator KENET QOS_DmaTxBuffUnavail
Tx buffer unavailable.

enumerator kKENET QOS_DmaRx
Rx interrupt.

enumerator KENET QOS_DmaRxBuffUnavail
Rx buffer unavailable.

enumerator KENET QOS_DmaRxStop
Rx stop.

enumerator kENET QOS_DmaRxWatchdogTimeout
Rx watchdog timeout.

enumerator KENET QOS_DmaEarlyTx
Early transmit.

enumerator kENET QOS_DmaEarlyRx
Early receive.

enumerator kENET QOS_DmaBusErr
Fatal bus error.

uses one-bot
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enum _ enet_ qos_ mac__interrupt__enable

List of mac interrupts supported by the ENET interrupt. This enumeration uses one-bot
encoding to allow a logical OR of multiple members.

Values:

enumerator KENET QOS_ MacTimestamp

enum _ enet_ qos_ event
Defines the common interrupt event for callback use.
Values:
enumerator kKENET QOS_ RxIntEvent
Receive interrupt event.
enumerator KENET QOS_ TxIntEvent
Transmit interrupt event.

enumerator KENET QOS_ WakeUpIntEvent
Wake up interrupt event.

enumerator KENET QOS_ TimeStampIntEvent
Time stamp interrupt event.
enum _ enet_ qos_ queue__mode
Define the MTL mode for multiple queues/rings.
Values:
enumerator kENET QOS__AVB_ Mode
Enable queue in AVB mode.
enumerator kENET QOS_DCB_ Mode
Enable queue in DCB mode.
enum _ enet_ qos_ mtl_multiqueue_ txsche
Define the MTL tx scheduling algorithm for multiple queues/rings.
Values:
enumerator kENET _QOS_ txWeightRR
Tx weight round-robin.
enumerator kENET _QOS_ txWeightFQ
Tx weight fair queuing.
enumerator kENET _QOS_ txDefict WeightRR,
Tx deficit weighted round-robin.
enumerator kENET QOS_ txStrPrio
Tx strict priority.
enum _enet_ qos_mtl_multiqueue_ rxsche
Define the MTL rx scheduling algorithm for multiple queues/rings.
Values:
enumerator KENET QOS_ rxStrPrio
Rx strict priority, Queue 0 has the lowest priority.

enumerator KENET QOS_ rxWeightStrPrio
Weighted Strict Priority.
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enum _ enet_ qos_ mtl_ rxqueuemap
Define the MTL rx queue and DMA channel mapping.

Values:
enumerator KENET QOS_ StaticDirctMap

The received fame in rx Qn(n = 0,1) directly map to dma channel n.

enumerator kENET QOS_ DynamicMap

The received frame in rx Qn(n = 0,1) map to the dma channel m(m = 0,1) related with

the same Mac.

enum _ enet_ qos_ rx_ queue_ route
Defines the package type for receive queue routing.

Values:
enumerator kKENET QOS_ PacketNoQ

enumerator kKENET__QOS_ Packet AVCPQ
enumerator kENET QOS_ PacketPTPQ
enumerator kENET _QOS_ PacketUPQ
enumerator KENET QOS_ PacketMCBCQ

enum _ enet_ qos_ ptp_ event_ type
Defines the ENET PTP message related constant.

Values:

enumerator kENET _QOS_ PtpEventMsgType
PTP event message type.

enumerator kENET _QOS_ PtpSrcPortIdLen
PTP message sequence id length.

enumerator kENET _QOS_ PtpEventPort
PTP event port number.

enumerator kENET _QOS_ PtpGnrlPort
PTP general port number.

enum _ enet__qos_ ptp_ pps_ instance

Defines the PPS instance numbers.

Values:

enumerator kENET QOS_ PtpPpslstance0
PPS instance 0.

enumerator kENET QOS_ PtpPpslstancel
PPS instance 1.

enumerator kENET QOS_ PtpPpslstance2
PPS instance 2.

enumerator kENET QOS_ PtpPpslstance3
PPS instance 3.

enum _ enet_ qos_ ptp_ pps_ trgt__mode
Defines the Target Time register mode.

Values:
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enumerator kENET QOS_ PtpPpsTrgtModeOnlyInt
Only interrupts.

enumerator kENET QOS_ PtpPpsTrgtModelntSt
Both interrupt and output signal.

enumerator kENET _QOS_ PtpPpsTrgtModeOnlySt
Only output signal.

enum _ enet_ qos_ ptp_ pps_cmd

Defines commands for ppscmd register.

Values:

enumerator KENET QOS_ PtpPpsCmdNC
No Command.

enumerator kENET _QOS_ PtpPpsCmdSSP
Start Single Pulse.

enumerator KENET QOS_ PtpPpsCmdSPT
Start Pulse Train.

enumerator kKENET QOS_ PtpPpsCmdCS
Cancel Start.

enumerator kKENET__QOS_ PtpPpsCmdSPTAT
Stop Pulse Train At Time.

enumerator kENET _QOS_ PtpPpsCmdSPTI
Stop Pulse Train Immediately.

enumerator kENET _QOS_ PtpPpsCmdCSPT
Cancel Stop Pulse Train.

enum _enet_ qos_ ets_ list_ length

Defines the enmueration of ETS list length.

Values:

enumerator kENET QOS_Ets_List_ 64
List length of 64

enumerator kENET QOS_Ets_List_ 128
List length of 128

enumerator kKENET _QOS_ Ets_ List_ 256
List length of 256

enumerator kENET QOS_Ets_List_ 512
List length of 512

enumerator kENET QOS_Ets_List_ 1024
List length of 1024

enum _ enet_ qos_ ets_ gcer addr

Defines the enmueration of ETS gate control address.

Values:

enumerator kKENET QOS_Ets_ btr low
BTR Low
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enumerator kENET QOS_Ets_btr_high
BTR High

enumerator kENET QOS_Ets_ ctr_ low
CTR Low
enumerator kENET QOS_Ets_ctr__high
CTR High
enumerator kENET QOS_Ets_ ter
TER
enumerator kENET QOS_Ets_llr
LLR
enum _ enet_ qos_ rxp_dma,_ chn
Defines the enmueration of DMA channel used for rx parser entry.
Values:
enumerator kENET__QOS_Rxp_DMAChn0
DMA Channel 0 used for RXP entry match
enumerator kENET _QOS_Rxp_DMAChnl
DMA Channel 1 used for RXP entry match
enumerator kENET _QOS_ Rxp_ DMAChn2
DMA Channel 2 used for RXP entry match
enumerator kKENET__QOS_ Rxp_ DMAChn3
DMA Channel 3 used for RXP entry match
enumerator kKENET__QOS_Rxp_ DMAChn4
DMA Channel 4 used for RXP entry match
enum _enet_qos_ tx_ offload
Define the Tx checksum offload options.
Values:
enumerator kENET QOS_ TxOffloadDisable
Disable Tx checksum offload.
enumerator kENET QOS_ TxOffloadIPHeader
Enable IP header checksum calculation and insertion.
enumerator kKENET QOS_ TxOffloadI[PHeaderPlusPayload
Enable IP header and payload checksum calculation and insertion.
enumerator kENET QOS_ TxOffloadAll
Enable IP header, payload and pseudo header checksum calculation and insertion.
typedef enum _enet_qos_mii_mode enet__qos_ mii_mode_t
Defines the MII/RGMII mode for data interface between the MAC and the PHY.
typedef enum _enet_qos_mii_speed enet__qos_mii_speed_t
Defines the 10/100/1000 Mbps speed for the MII data interface.
typedef enum _enet_qos_mii_duplex enet__qos_mii_duplex_t
Defines the half or full duplex for the MII data interface.

typedef enum _enet_qos_mii_normal_opcode enet__qos_mii_normal_opcode
Define the MII opcode for normal MDIO_CLAUSES_22 Frame.
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typedef enum _enet_qos_dma_burstlen enet__qos_dma_ burstlen
Define the DMA maximum transmit burst length.

typedef enum _enet_qos_desc_flag enet_qos_ desc_flag
Define the flag for the descriptor.

typedef enum _enet_qos_systime_op enet__qos_ systime_ op
Define the system time adjust operation control.
typedef enum _enet_qos_ts_rollover_type enet_ qos_ts_ rollover type
Define the system time rollover control.
typedef enum _enet_qos_special config enet__qos_special _config_t
Defines some special configuration for ENET.
These control flags are provided for special user requirements. Normally, these is no need

to set this control flags for ENET initialization. But if you have some special requirements,
set the flags to specialControl in the enet_qos_config_t.

Note: “KENET_QOS_StoreAndForward” is recommended to be set.

typedef enum _enet_qos_dma_interrupt_enable enet_qos_dma_ interrupt_ enable_t
List of DMA interrupts supported by the ENET interrupt. This enumeration uses one-bot
encoding to allow a logical OR of multiple members.

typedef enum _enet_qos_mac_interrupt_enable enet_qos_mac_ interrupt_ enable t
List of mac interrupts supported by the ENET interrupt. This enumeration uses one-bot
encoding to allow a logical OR of multiple members.

typedef enum _enet_qos_event enet__qos_event_t
Defines the common interrupt event for callback use.

typedef enum _enet_qos_queue_mode enet_ qos_ queue__mode_t
Define the MTL mode for multiple queues/rings.

typedef enum _enet_qos_mtl_multiqueue_txsche enet_ qos_mtl_multiqueue_ txsche
Define the MTL tx scheduling algorithm for multiple queues/rings.
typedef enum _enet_qgos_mtl_multiqueue_rxsche enet_ qos_ mtl multiqueue rxsche
Define the MTL rx scheduling algorithm for multiple queues/rings.
typedef enum _enet_qos_mtl_rxqueuemap enet_ qos_ mtl_rxqueuemap_ t
Define the MTL rx queue and DMA channel mapping.
typedef enum _enet_qos_rx_queue_route enet__qos_rx_ queue_route_t
Defines the package type for receive queue routing.
typedef enum _enet_qos_ptp_event_type enet_ qos_ ptp_event_ type_t
Defines the ENET PTP message related constant.
typedef enum _enet_qos_ptp_pps_instance enet__qos_ptp_ pps_ instance_t
Defines the PPS instance numbers.
typedef enum _enet_qos_ptp_pps_trgt_mode enet_qos_ptp_pps_trgt. mode
Defines the Target Time register mode.
typedef enum _enet_qos_ptp_pps_cmd enet__qos_ ptp_pps_cmd_t
Defines commands for ppscmd register.
typedef enum _enet_qos_ets_list_length enet_ qos_ets_list_length ¢t
Defines the enmueration of ETS list length.
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typedef enum _enet_qos_ets_gccr_addr enet__qos_ets_geer_addr_t
Defines the enmueration of ETS gate control address.

typedef enum _enet_qos_rxp_dma_chn enet_qos_rxp_dma_chn_t
Defines the enmueration of DMA channel used for rx parser entry.

typedef enum _enet_qos_tx_offload enet__qos__tx_ offload_t
Define the Tx checksum offload options.

typedef struct _enet_qos_rx_bd_struct enet_ qos_rx_bd_ struct_t

Defines the receive descriptor structure has the read-format and write-back format struc-
ture. They both has the same size with different region definition. so we define the read-
format region as the receive descriptor structure Use the read-format region mask bits in
the descriptor initialization Use the write-back format region mask bits in the receive data
process.

typedef struct _enet_qos_tx_bd_struct enet_qos_tx_bd_ struct_t

Defines the transmit descriptor structure has the read-format and write-back format struc-
ture. They both has the same size with different region definition. so we define the read-
format region as the transmit descriptor structure Use the read-format region mask bits in
the descriptor initialization Use the write-back format region mask bits in the transmit data
process.

typedef struct _enet_qos_tx_bd_config_struct enet_ qos_tx_bd_ config_struct_t

Defines the Tx BD configuration structure.

typedef struct _enet_qos_ptp_time enet_qos_ ptp_time_t
Defines the ENET PTP time stamp structure.

typedef struct enet_qos_frame_info enet_qos_frame_info_t
Defines the frame info structure.

typedef struct _enet_qos_tx_dirty_ring enet_qos_tx_ dirty_ring t
Defines the ENET transmit dirty addresses ring/queue structure.

typedef struct _enet_qos_ptp_config enet_qos_ ptp_ config_t
Defines the ENET PTP configuration structure.

typedef struct _enet_qos_est_gate_op enet__qos_est_ gate_op_t
Defines the EST gate operation structure.

typedef struct _enet_qos_est_gcl enet__qos_est_gcl_t
Defines the EST gate control list structure.

typedef struct _enet_qos_rxp_config enet_ qos_rxp_ config_t
Defines the ENET_QOS Rx parser configuration structure.

typedef struct _enet_qos_buffer_config enet_ qos_ buffer config t
Defines the buffer descriptor configure structure.

Note:

a. The receive and transmit descriptor start address pointer and tail pointer must be
word-aligned.

b. The recommended minimum tx/rx ring length is 4.

c. The tx/rx descriptor tail address shall be the address pointer to the address just af-
ter the end of the last last descriptor. because only the descriptors between the start
address and the tail address will be used by DMA.
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d. The descriptor address is the start address of all used contiguous memory. for exam-
ple, the rxDescStartAddrAlign is the start address of rxRingLen contiguous descriptor
memories for rx descriptor ring 0.

e. The “*rxBufferstartAddr” is the first element of rxRingLen (2*rxRingLen for double
buffers) rx buffers. It means the *rxBufferStartAddr is the rx buffer for the first de-
scriptor the *rxBufferStartAddr + 1 is the rx buffer for the second descriptor or the rx
buffer for the second buffer in the first descriptor. so please make sure the rxBuffer-
StartAddr is the address of a rxRingLen or 2*rxRingLen array.

typedef struct _enet_qos_chs_config enet__qos_ cbs_ config_t
Defines the CBS configuration for queue.

typedef struct enet_qos_tx_queue_config enet_qos_ queue_tx_ config_t
Defines the queue configuration structure.

typedef struct enet_qos_rx_queue_config enet_qos_ queue_rx_ config t
Defines the queue configuration structure.

typedef struct enet_qos_multiqueue_config enet_ qos_ multiqueue config t
Defines the configuration when multi-queue is used.

typedef void *(*enet_ qos_rx_alloc_ callback t)(ENET_QOS_Type *base, void *userData, uint8_t
channel)

Defines the Rx memory buffer alloc function pointer.

typedef void (Yenet__qos_rx_ free_ callback_t)(ENET_QOS_Type *base, void *buffer, void
*userData, uint8_t channel)

Defines the Rx memory buffer free function pointer.

typedef struct _enet_qos_config enet_qos_ config_t
Defines the basic configuration structure for the ENET device.

Note: Default the signal queue is used so the “*multiqueueCfg” is set default with NULL.
Set the pointer with a valid configuration pointer if the multiple queues are required. If
multiple queue is enabled, please make sure the buffer configuration for all are prepared
also.

typedef struct _enet_qos_handle enet__qos_handle_t

typedef void (fenet_ qos_ callback_t)(ENET_QOS_Type *base, enet_qos_handle_t *handle,
enet_qos_event_t event, uint8_t channel, void *userData)

ENET callback function.
typedef struct _enet_qos_tx_bd_ring enet_qos_tx_ bd_ring t

Defines the ENET transmit buffer descriptor ring/queue structure.
typedef struct _enet_qos_rx_bd_ring enet_qos_rx_bd_ring_t

Defines the ENET receive buffer descriptor ring/queue structure.

typedef struct _enet_qos_state enet__qos_ state_t
Defines the ENET state structure.

Note: The structure contains saved state for the instance. It could be stored in
enet_qos_handle_t, but that’s used only with the transactional API.

typedef struct _enet_qos_buffer_struct enet_ qos_ buffer struct_t
Defines the frame buffer structure.
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typedef struct _enet_qos_rx_frame_error enet__qos_rx_ frame_error_t
Defines the Rx frame error structure.

typedef struct _enet_qos_rx_frame_attribute_struct enet_qos_rx_frame_ attribute_t
typedef struct _enet_qos_rx_frame_struct enet__qos_rx_ frame_struct_t
Defines the Rx frame data structure.

typedef struct _enet_qos_transfer_stats enet__qos_ transfer_stats_t
Defines the ENET QOS transfer statistics structure.

typedef void (*enet_ qos_isr_ t)(ENET_QOS_Type *base, enet_qos_handle_t *handle)
const clock_ip_name_ts_enetqosClock[]
Pointers to enet clocks for each instance.

void ENET _QOS_ SetSYSControl(enet_qos_mii_mode_t miiMode)
Set ENET system configuration.

Note: User needs to provide the implementation because the implementation is SoC spe-
cific. This function set the phy selection and enable clock. It should be called before any
other ethernet operation.

Parameters

* miiMode — The MII/RGMII/RMII mode for interface between the phy and
Ethernet.

void ENET QOS_ EnableClock(bool enable)
Enable/Disable ENET qos clock.

Note: User needs to provide the implementation because the implementation is SoC spe-
cific. This function should be called before config RMII mode.

struct _enet_qos_rx_bd_ struct

#include <fsl_enet_qos.h> Defines the receive descriptor structure has the read-format and
write-back format structure. They both has the same size with different region definition.
so we define the read-format region as the receive descriptor structure Use the read-format
region mask bits in the descriptor initialization Use the write-back format region mask bits
in the receive data process.

Public Members
IO uint32_t bufflAddr
Buffer 1 address

IO uint32_t reserved
Reserved

IO uint32_t buff2Addr
Buffer 2 or next descriptor address

_ IO uint32_t control
Buffer 1/2 byte counts and control
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struct _enet_ qos_ tx_ bd_ struct

#include <fsl_enet_qos.h> Defines the transmit descriptor structure has the read-format and
write-back format structure. They both has the same size with different region definition.
so we define the read-format region as the transmit descriptor structure Use the read-
format region mask bits in the descriptor initialization Use the write-back format region
mask bits in the transmit data process.

Public Members
IO uint32 t bufflAddr
Buffer 1 address

IO uint32 t buff2Addr
Buffer 2 address
IO uint32 t buffLen
Buffer 1/2 byte counts
IO uint32 t controlStat
TDES control and status word

struct _enet_ qos_tx_bd_ config_struct
#include <fsl_enet_qos.h> Defines the Tx BD configuration structure.

Public Members
void *bufferl

The first buffer address in the descriptor.
uint32_t bytesl

The bytes in the fist buffer.
void *buffer2

The second buffer address in the descriptor.
uint32_t bytes2

The bytes in the second buffer.
uint32_t framelen

The length of the frame to be transmitted.
bool intEnable

Interrupt enable flag.
bool tsEnable

The timestamp enable.
enet_qos_tx_offload_t txOffloadOps

The Tx checksum offload option.
enet_qos_desc_flag flag

The flag of this tx desciriptor, see “enet_qos_desc_flag”.

struct _enet_ qos_ ptp_ time

#include <fsl_enet_qos.h> Defines the ENET PTP time stamp structure.
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Public Members

uint64_t second
Second.

uint32_t nanosecond
Nanosecond.

struct enet_ qos_ frame_info
#include <fsl_enet_qos.h> Defines the frame info structure.

Public Members
void *context

User specified data, could be buffer address for free
bool isTsAvail

Flag indicates timestamp available status
enet_qos_ptp_time_t timeStamp

Timestamp of frame

struct _enet_ qos_ tx_ dirty_ ring
#include <fsl_enet_qos.h> Defines the ENET transmit dirty addresses ring/queue structure.

Public Members

enet_qos_frame_info_t *txDirtyBase
Dirty buffer descriptor base address pointer.
uint16_t txGenldx
tx generate index.
uint16_t txConsumlIdx
tx consume index.
uint16_t txRingLen
tx ring length.
bool isFull
tx ring is full flag, add this parameter to avoid waste one element.

struct _enet_ qos_ ptp_ config
#include <fsl_enet_qos.h> Defines the ENET PTP configuration structure.

Public Members

bool fineUpdateEnable
Use the fine update.

uint32_t defaultAddend
Default addend value when fine update is enable, could be 2232 / (refClk_Hz /
ENET_QOS_MICRSECS_ONESECOND / ENET_QOS_SYSTIME_REQUIRED_CLK_MHZ).
bool ptp1588V2Enable

The desired system time frequency. Must be lower than reference clock. (Only used
with fine correction method). ptp 1588 version 2 is used.
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enet_qos_ts_rollover_type tsRollover
1588 time nanosecond rollover.

struct __enet_ qos_ est_ gate_op
#include <fsl_enet_qos.h> Defines the EST gate operation structure.

struct _enet_ qos_ est_ gcl
#include <fsl_enet_qos.h> Defines the EST gate control list structure.

Public Members
bool enable
Enable or disable EST

uint64_t cycleTime
Base Time 32 bits seconds 32 bits nanoseconds

uint32_t extTime
Cycle Time 32 bits seconds 32 bits nanoseconds

uint32_t numEntries
Time Extension 32 bits seconds 32 bits nanoseconds

enet_qos_est_gate_op_t *opList
Number of entries

struct _enet_ qos_ rxp_ config
#include <fsl_enet_qos.h> Defines the ENET_QOS Rx parser configuration structure.

Public Members
uint32_t matchEnable
4-byte match data used for comparing with incoming packet
uint8_t acceptFrame
When matchEnable is set to 1, the matchData is used for comparing
uint8_t rejectFrame
When acceptFrame = 1 and data is matched, the frame will be sent to DMA channel
uint8_t inverseMatch
When rejectFrame = 1 and data is matched, the frame will be dropped
uint8_t nextControl
Inverse match
uint8_t reserved
Next instruction indexing control
uint8_t frameOffset
Reserved control fields
uint8_t okIndex
Frame offset in the packet data to be compared for match, in terms of 4 bytes.
uint8_t dmaChannel
Memory Index to be used next.
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uint32_t reserved?2
The DMA channel enet_qos_rxp_dma_chn_t used for receiving the frame when frame
match and acceptFrame =1
struct _enet_ qos_ buffer_ config
#include <fsl_enet_qos.h> Defines the buffer descriptor configure structure.

Note:

a. The receive and transmit descriptor start address pointer and tail pointer must be
word-aligned.

b. The recommended minimum tx/rx ring length is 4.

c. The tx/rx descriptor tail address shall be the address pointer to the address just af-
ter the end of the last last descriptor. because only the descriptors between the start
address and the tail address will be used by DMA.

d. The descriptor address is the start address of all used contiguous memory. for exam-
ple, the rxDescStartAddrAlign is the start address of rxRingLen contiguous descriptor
memories for rx descriptor ring 0.

e. The “*rxBufferstartAddr” is the first element of rxRingLen (2*rxRingLen for double
buffers) rx buffers. It means the *rxBufferStartAddr is the rx buffer for the first de-
scriptor the *rxBufferStartAddr + 1 is the rx buffer for the second descriptor or the rx
buffer for the second buffer in the first descriptor. so please make sure the rxBuffer-
StartAddr is the address of a rxRingLen or 2*rxRingLen array.

Public Members
uint8_t rxRingLen
The length of receive buffer descriptor ring.
uint8_t txRingLen
The length of transmit buffer descriptor ring.
enet_qos_tx_bd_struct_t *txDescStartAddrAlign
Aligned transmit descriptor start address.
enet_qos_tx_bd_struct_t *txDescTailAddrAlign
Aligned transmit descriptor tail address.
enet_qos_frame_info_t *txDirtyStartAddr
Start address of the dirty tx frame information.

enet_qos_rx_bd_struct_t *rxDescStart AddrAlign
Aligned receive descriptor start address.

enet_qos_rx_bd_struct_t *rxDescTailAddrAlign
Aligned receive descriptor tail address.
uint32_t *rxBufferStart Addr
Start address of the rx buffers.
uint32_t rxBuffSizeAlign
Aligned receive data buffer size.

bool rxBuffNeedMaintain
Whether receive data buffer need cache maintain.

struct _enet_qos_ cbs_ config
#include <fsl_enet_qos.h> Defines the CBS configuration for queue.

240 Chapter 2. MIMX9322



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

Public Members
uint16_t sendSlope
Send slope configuration.

uint16_t idleSlope
Idle slope configuration.

uint32_t highCredit
High credit.

uint32_t lowCredit
Low credit.

struct enet__qos_ tx_ queue_ config
#include <fsl_enet_qos.h> Defines the queue configuration structure.

Public Members
enet_qos_queue_mode_t mode
tx queue mode configuration.

uint32_t weight
Refer to the MTL TxQ Quantum Weight register.

uint32_t priority
Refer to Transmit Queue Priority Mapping register.

enet_qos_chs_config_t *cbsConfig
CBS configuration if queue use AVB mode.

struct enet__qos_ rx_ queue_ config
#include <fsl_enet_qos.h> Defines the queue configuration structure.

Public Members
enet_qos_queue_mode_t mode
rx queue mode configuration.

uint8_t mapChannel
tx queue map dma channel.

uint32_t priority
Rx queue priority.
enet_qos_rx_queue_route_t packetRoute
Receive packet routing.

struct enet__qos_ multiqueue_ config
#include <fsl_enet_qos.h> Defines the configuration when multi-queue is used.

Public Members
enet_qos_dma_burstlen burstLen
Burst len for the multi-queue.

uint8_t txQueueUse
Used Tx queue count.
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enet_qos_mtl_multiqueue_txsche mtltxSche
Transmit schedule for multi-queue.

enet_qos_queue_tx_config t txQueueConfig[ENET_QOS_DMA_CH_COUNT]
Tx Queue configuration.

uint8_t rxQueueUse
Used Rx queue count.

enet_qos_mtl_multiqueue_rxsche mtlrxSche
Receive schedule for multi-queue.

enet_qos_queue_rx_config t rxQueueConfig[ENET_QOS_DMA_CH_COUNT]
Rx Queue configuration.

struct _enet_ qos_ config
#include <fsl_enet_qos.h> Defines the basic configuration structure for the ENET device.

Note: Default the signal queue is used so the “*multiqueueCfg” is set default with NULL.
Set the pointer with a valid configuration pointer if the multiple queues are required. If
multiple queue is enabled, please make sure the buffer configuration for all are prepared
also.

Public Members

uint16_t specialControl
The logic or of enet_qos_special_config_t

enet_qos_multiqueue_config_t *multiqueueCfg
Use multi-queue.
enet_qos_mii_mode_t miiMode
MII mode.
enet_qos_mii_speed_t miiSpeed
MII Speed.
enet_qos_mii_duplex_t miiDuplex
MII duplex.

uint16_t pauseDuration

Used in the tx flow control frame, only valid when KENET_QOS_FlowControlEnable is
set.

enet_qos_ptp_config_t *ptpConfig
PTP 1588 feature configuration
uint32_t csrClock Hz
CSR clock frequency in HZ.

enet_qos_rx_alloc_callback_t rxBuffAlloc
Callback to alloc memory, must be provided for zero-copy Rx.

enet_qos_rx_free_callback_t rxBuffFree
Callback to free memory, must be provided for zero-copy Rx.
struct _enet_ qos_ tx_bd_ ring
#include <fsl_enet_qos.h> Defines the ENET transmit buffer descriptor ring/queue structure.
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Public Members

enet_qos_tx_bd_struct_t *txBdBase
Buffer descriptor base address pointer.

uint16_t txGenldx
tx generate index.
uint16_t txConsumlIdx
tx consume index.
volatile uint16_t txDescUsed
tx descriptor used number.
uint16_t txRingLen
tx ring length.
struct _enet_ qos_rx_bd_ ring
#include <fsl_enet_qos.h> Defines the ENET receive buffer descriptor ring/queue structure.

Public Members
enet_qos_rx_bd_struct_t *rxBdBase
Buffer descriptor base address pointer.
uint16_t rxGenldx
The current available receive buffer descriptor pointer.
uint16_t rxRingLen
Receive ring length.
uint32_t rxBuffSizeAlign
Receive buffer size.

struct _enet_qos_handle
#include <fsl_enet_qos.h> Defines the ENET handler structure.

Public Members

uint8_t txQueueUse
Used tx queue count.

uint8_t rxQueueUse

Used rx queue count.
bool doubleBuffEnable

The double buffer is used in the descriptor.
bool rxintEnable

Rx interrupt enabled.

bool rxMaintainEnable[ENET_QOS_DMA_CH_COUNT]
Rx buffer cache maintain enabled.

enet_qos_rx_bd_ring_t rxBdRing[ENET_QOS_DMA_CH_COUNT]
Receive buffer descriptor.

enet_qos_tx_bd_ring t txBdRing[ENET_QOS_DMA_CH_COUNT]
Transmit buffer descriptor.
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enet_qos_tx_dirty_ring_t txDirtyRing[ENET_QOS_DMA_CH_COUNT]
Transmit dirty buffers addresses.

uint32_t *rxBufferStart Addr[ENET_QOS_DMA_CH_COUNT]
Rx buffer start address for relnitialize.

enet_qos_callback_t callback
Callback function.

void *userData
Callback function parameter.
uint8_t multicastCount[64]
Multicast collisions counter
enet_qos_rx_alloc_callback_t rxBuffAlloc
Callback to alloc memory, must be provided for zero-copy Rx.
enet_qos_rx_free_callback_t rxBuffFree
Callback to free memory, must be provided for zero-copy Rx.

struct _ enet_ qos_ state
#include <fsl_enet_qos.h> Defines the ENET state structure.

Note: The structure contains saved state for the instance. It could be stored in
enet_gos_handle_t, but that’s used only with the transactional API.

Public Members
enet_qos_mii_mode_t miiMode
MII mode.

struct _enet_qos_ buffer_struct
#include <fsl_enet_qos.h> Defines the frame buffer structure.

Public Members
void *buffer
The buffer store the whole or partial frame.

uint16_t length
The byte length of this buffer.

struct _enet_ qos_rx_ frame_error
#include <fsl_enet_qos.h> Defines the Rx frame error structure.

Public Members
bool rxDstAddrFilterErr
Destination Address Filter Fail.

bool rxSrcAddrFilterErr
SA Address Filter Fail.

bool rxDribbleErr
Dribble error.
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bool rxReceiveErr
Receive error.

bool rxOverFlowErr
Receive over flow.

bool rxWatchDogErr
Watch dog timeout.

bool rxGaintPacketErr
Receive gaint packet.

bool rxCrcErr
Receive CRC error.

struct _enet_qos_rx_frame attribute_ struct
#include <fsl_enet_qos.h>

Public Members
bool isTsAvail
Rx frame timestamp is available or not.

enet_qos_ptp_time_t timestamp
The nanosecond part timestamp of this Rx frame.

struct _enet_ qos_rx_ frame_ struct
#include <fsl_enet_qos.h> Defines the Rx frame data structure.

Public Members
enet_qos_buffer_struct_t *rxBuffArray
Rx frame buffer structure.

uint16_t totLen
Rx frame total length.

enet_qos_rx_frame_attribute_t rxAttribute
Rx frame attribute structure.

enet_qos_rx_frame_error_t rxFrameError
Rx frame error.

struct _enet_ qos_ transfer stats
#include <fsl_enet_qos.h> Defines the ENET QOS transfer statistics structure.

Public Members
uint32_t statsRxFrameCount
Rx frame number.
uint32_t statsRxCrcErr
Rx frame number with CRC error.
uint32_t statsRxAlignErr
Rx frame number with alignment error.

uint32_t statsRxLengthErr
Rx frame length field doesn’t equal to packet size.
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uint32_t statsRxFifoOverflowErr
Rx FIFO overflow count.

uint32_t statsTxFrameCount
Tx frame number.

uint32_t statsTxFifoUnderRunErr
Tx FIFO underrun count.

2.7 FGPIO Driver

2.8 FlexCAN: Flex Controller Area Network Driver

2.9 FlexCAN Driver

status_t FLEXCAN_ EnterFreezeMode(CAN_Type *base)
Enter FlexCAN Freeze Mode.

This function makes the FlexCAN work under Freeze Mode.
Parameters
* base — FlexCAN peripheral base address.

Returns
kStatus_Success Enter Freeze Mode successful kStatus _Timeout Timeout
when wait for Freeze Mode Acknowledge

status_t FLEXCAN_ ExitFreezeMode(CAN_Type *base)
Exit FlexCAN Freeze Mode.

This function makes the FlexCAN leave Freeze Mode.
Parameters
* base — FlexCAN peripheral base address.

Returns
kStatus_Success Enter Freeze Mode successful kStatus_Timeout Timeout
when wait for Freeze Mode Acknowledge

uint32_t FLEXCAN_ GetInstance(CAN_Type *base)
Get the FlexCAN instance from peripheral base address.
Parameters
* base — FlexCAN peripheral base address.

Returns
FlexCAN instance.

bool FLEXCAN__ CalculateImproved TimingValues(CAN_Type *base, uint32_t bitRate, uint32_t
sourceClock_Hz, flexcan_timing _config t
*pTimingConfig)

Calculates the improved timing values by specific bit Rates for classical CAN.

This function use to calculates the Classical CAN timing values according to the given bit
rate. The Calculated timing values will be set in CTRL1/CBT/ENCBT register. The calculation
is based on the recommendation of the CiA 301 v4.2.0 and previous version document.

Parameters
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* base — FlexCAN peripheral base address.

* bitRate — The classical CAN speed in bps defined by user;, should be less
than or equal to 1Mbps.

» sourceClock_Hz — The Source clock frequency in Hz.
* pTimingConfig — Pointer to the FlexCAN timing configuration structure.

Returns
TRUE if timing configuration found, FALSE if failed to find configuration.

void FLEXCAN_ Init(CAN_Type *base, const flexcan_config t *pConfig, uint32_t sourceClock_Hz)
Initializes a FlexCAN instance.
This function initializes the FlexCAN module with user-defined settings. This example

shows how to set up the flexcan_config t parameters and how to call the FLEXCAN_Init
function by passing in these parameters.

flexcan_ config_ t flexcanConfig;
flexcanConfig.clkSrc = kFLEXCAN__ClkSrc0;
flexcanConfig.bitRate = 1000000U;

flexcanConfig. maxMbNum = 16;
flexcanConfig.enableLoopBack = false;
flexcanConfig.enableSelfWakeup = false;
flexcanConfig.enablelndividMask = false;
flexcanConfig.enableDoze = false;

flexcanConfig.disableSelfReception = false;
flexcanConfig.enableListenOnlyMode = false;
flexcanConfig.timingConfig = timingConfig;
FLEXCAN_ Init(CANO, &flexcanConfig, 40000000UL);

Parameters
* base — FlexCAN peripheral base address.
* pConfig — Pointer to the user-defined configuration structure.
* sourceClock__Hz — FlexCAN Protocol Engine clock source frequency in Hz.

void FLEXCAN_ Deinit(CAN_Type *base)
De-initializes a FlexCAN instance.

This function disables the FlexCAN module clock and sets all register values to the reset
value.

Parameters
* base — FlexCAN peripheral base address.

void FLEXCAN_ GetDefaultConfig(flexcan_config t *pConfig)
Gets the default configuration structure.

This function initializes the FlexCAN configuration structure to de-

fault wvalues. The default values are as follows. flexcanConfig->clkSrc
=  KFLEXCAN_CIkSrcO; flexcanConfig->bitRate = 1000000U;  flexcanConfig-
>bitRateFD = 2000000U; flexcanConfig->maxMbNum = 16; flexcanConfig-

>enableLoopBack = false; flexcanConfig->enableSelfWakeup = false; flexcanConfig-
>enablelndividMask = false; flexcanConfig->disableSelfReception = false; flexcanConfig-
>enableListenOnlyMode = false; flexcanConfig->enableDoze = false; flexcanConfig-
>enablePretendedeNetworking = false; flexcanConfig->enableMemoryErrorControl
= true; flexcanConfig->enableNonCorrectableErrorEnterFreeze = true;
flexcanConfig->enableTransceiverDelayMeasure = true; flexcanConfig-
>enableRemoteRequestFrameStored = true; flexcanConfig->payloadEndianness = KFLEX-
CAN_bigEndian; flexcanConfig.timingConfig = timingConfig;
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Parameters
* pConfig — Pointer to the FlexCAN configuration structure.

void FLEXCAN_ SetTimingConfig(CAN_Type *base, const flexcan_timing config t *pConfig)
Sets the FlexCAN classical CAN protocol timing characteristic.
This function gives user settings to classical CAN or CAN FD nominal phase timing char-

acteristic. The function is for an experienced user. For less experienced users, call the
FLEXCAN_SetBitRate() instead.

Note: Calling FLEXCAN_SetTimingConfig() overrides the bit rate set in FLEXCAN_Init() or
FLEXCAN_SetBitRate().

Parameters
* base — FlexCAN peripheral base address.
» pConfig — Pointer to the timing configuration structure.

status_t FLEXCAN_ SetBitRate(CAN_Type *base, uint32_t sourceClock_Hz, uint32_t bitRate_Bps)
Set bit rate of FlexCAN classical CAN frame or CAN FD frame nominal phase.

This function set the bit rate of classical CAN frame or CAN FD frame nominal phase base
on FLEXCAN_CalculateImprovedTimingValues() API calculated timing values.

Note: Calling FLEXCAN_SetBitRate() overrides the bit rate set in FLEXCAN_Init().

Parameters
* base — FlexCAN peripheral base address.
» sourceClock Hz - Source Clock in Hz.
* bitRate Bps — Bit rate in Bps.

Returns
kStatus_Success - Set CAN baud rate (only Nominal phase) successfully.

void FLEXCAN _SetRxMbGlobalMask(CAN_Type *base, uint32_t mask)
Sets the FlexCAN receive message buffer global mask.

This function sets the global mask for the FlexCAN message buffer in a matching process.
The configuration is only effective when the Rx individual mask is disabled in the FLEX-
CAN_Init().

Parameters
* base — FlexCAN peripheral base address.
* mask — Rx Message Buffer Global Mask value.

void FLEXCAN _SetRxFifoGlobalMask(CAN_Type *base, uint32_t mask)
Sets the FlexCAN receive FIFO global mask.

This function sets the global mask for FlexCAN FIFO in a matching process.
Parameters
* base — FlexCAN peripheral base address.
* mask — Rx Fifo Global Mask value.
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void FLEXCAN_ SetRxIndividualMask(CAN_Type *base, uint8_t maskIdx, uint32_t mask)

Sets the FlexCAN receive individual mask.

This function sets the individual mask for the FlexCAN matching process. The configuration
is only effective when the Rx individual mask is enabled in the FLEXCAN_Init(). If the Rx
FIFO is disabled, the individual mask is applied to the corresponding Message Buffer. If the
Rx FIFO is enabled, the individual mask for Rx FIFO occupied Message Buffer is applied to
the Rx Filter with the same index. Note that only the first 32 individual masks can be used
as the Rx FIFO filter mask.

Parameters
* base — FlexCAN peripheral base address.
» maskldx — The Index of individual Mask.

* mask — Rx Individual Mask value.

void FLEXCAN_ SetTxMbConfig(CAN_Type *base, uint8_t mbIdx, bool enable)

Configures a FlexCAN transmit message buffer.

This function aborts the previous transmission, cleans the Message Buffer, and configures
it as a Transmit Message Buffer.

Parameters
* base — FlexCAN peripheral base address.
* mbldx — The Message Buffer index.
* enable — Enable/disable Tx Message Buffer.
— true: Enable Tx Message Buffer.

— false: Disable Tx Message Buffer.

void FLEXCAN_ SetRxMbConfig(CAN_Type *base, uint8_t mbldx, const flexcan_rx_mb_config t

*pRxMbConfig, bool enable)
Configures a FlexCAN Receive Message Buffer.

This function cleans a FlexCAN build-in Message Buffer and configures it as a Receive Mes-
sage Buffer. User should invoke this APIwhen CTRL2[RRS]=1. When CTRL2[RRS]=1, frame’s
ID is compared to the IDs of the receive mailboxes with the CODE field configured as KFLEX-
CAN_RxMbEmpty, KFLEXCAN_RxMbFull or kKFLEXCAN_RxMbOverrun. Message buffer will
store the remote frame in the same fashion of a data frame. No automatic remote response
frame will be generated. User need to setup another message buffer to respond remote
request.

Parameters
* base — FlexCAN peripheral base address.
* mbldx — The Message Buffer index.

* pRxMbConfig — Pointer to the FlexCAN Message Buffer configuration struc-
ture.

* enable — Enable/disable Rx Message Buffer.
— true: Enable Rx Message Buffer.
— false: Disable Rx Message Buffer.

static inline void FLEXCAN_ SetMbID(CAN_Type *base, uint8_t mbIdx, uint32_t id)

Configures a FlexCAN Message Buffer identifier.
Parameters

* base — FlexCAN peripheral base address.

2.9. FlexCAN Driver 249



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

» mbldx — The Message Buffer index.

 id—CAN Message Buffer Identifier, should use FLEXCAN_ID_EXT() or FLEX-
CAN_ID_STD() macro.

void FLEXCAN_ SetRemoteResponseMbConfig(CAN_Type *base, uint8_t mbIdx, const
flexcan_frame_t *pFrame)

Configures a FlexCAN Remote Response Message Buffer.

User should invoke this API when CTRL2[RRS]=0. When CTRL2[RRS]=0, frame’s ID is
compared to the IDs of the receive mailboxes with the CODE field configured as kFLEX-
CAN_RxMbRanswer. If there is a matching ID, then this mailbox content will be transmitted
as response. The received remote request frame is not stored in receive buffer. It is only
used to trigger a transmission of a frame in response.

Parameters
* base — FlexCAN peripheral base address.
* mbldx — The Message Buffer index.
* pFrame — Pointer to CAN message frame structure for response.

void FLEXCAN SetRxFifoConfig(CAN_Type *base, const flexcan_rx_fifo_config_t *pRxFifoConfig,
bool enable)

Configures the FlexCAN Legacy Rx FIFO.
This function configures the FlexCAN Rx FIFO with given configuration.

Note: Legacy Rx FIFO only can receive classic CAN message.

Parameters
* base — FlexCAN peripheral base address.

* pRxFifoConfig - Pointer to the FlexCAN Legacy Rx FIFO configuration struc-
ture. Can be NULL when enable parameter is false.

* enable — Enable/disable Legacy Rx FIFO.
- true: Enable Legacy Rx FIFO.
— false: Disable Legacy Rx FIFO.

static inline uint32_t FLEXCAN__ GetStatusFlags(CAN_Type *base)
Gets the FlexCAN module interrupt flags.

This function gets all FlexCAN status flags. The flags are returned as the logical OR value
of the enumerators _flexcan_flags. To check the specific status, compare the return value
with enumerators in _flexcan_flags.

Parameters
* base — FlexCAN peripheral base address.

Returns
FlexCAN status flags which are ORed by the enumerators in the _flexcan_flags.

static inline void FLEXCAN _ ClearStatusFlags(CAN_Type *base, uint32_t mask)
Clears status flags with the provided mask.

This function clears the FlexCAN status flags with a provided mask. An automatically
cleared flag can’t be cleared by this function.

Parameters

* base — FlexCAN peripheral base address.

250 Chapter 2. MIMX9322



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

» mask — The status flags to be cleared, it is logical OR value of _flexcan_flags.

static inline void FLEXCAN__ GetBusErrCount(CAN_Type *base, uint8_t *txErrBuf, uint8_t
*rxErrBuf)

Gets the FlexCAN Bus Error Counter value.

This function gets the FlexCAN Bus Error Counter value for both Tx and Rx direction. These
values may be needed in the upper layer error handling.

Parameters
* base — FlexCAN peripheral base address.
¢ txErrBuf — Buffer to store Tx Error Counter value.
 rxErrBuf — Buffer to store Rx Error Counter value.

static inline uint64_t FLEXCAN_ GetMbStatusFlags(CAN_Type *base, uint64_t mask)
Gets the FlexCAN low 64 Message Buffer interrupt flags.

This function gets the interrupt flags of a given Message Buffers.
Parameters
* base — FlexCAN peripheral base address.
» mask — The ORed FlexCAN Message Buffer mask.

Returns
The status of given Message Buffers.

static inline void FLEXCAN ClearMbStatusFlags(CAN_Type *base, uint64_t mask)
Clears the FlexCAN low 64 Message Buffer interrupt flags.

This function clears the interrupt flags of a given Message Buffers.
Parameters
* base — FlexCAN peripheral base address.
* mask — The ORed FlexCAN Message Buffer mask.

static inline void FLEXCAN_ EnableInterrupts(CAN_Type *base, uint32_t mask)
Enables FlexCAN interrupts according to the provided mask.

This function enables the FlexCAN interrupts according to the provided mask. The mask is
a logical OR of enumeration members, see _flexcan_interrupt_enable.

Parameters
* base — FlexCAN peripheral base address.
* mask — The interrupts to enable. Logical OR of _flexcan_interrupt_enable.

static inline void FLEXCAN_ DisableInterrupts(CAN_Type *base, uint32_t mask)
Disables FlexCAN interrupts according to the provided mask.

This function disables the FlexCAN interrupts according to the provided mask. The mask
is a logical OR of enumeration members, see _flexcan_interrupt_enable.

Parameters
* base — FlexCAN peripheral base address.
» mask — The interrupts to disable. Logical OR of _flexcan_interrupt_enable.

static inline void FLEXCAN_ EnableMbInterrupts(CAN_Type *base, uint64_t mask)
Enables FlexCAN low 64 Message Buffer interrupts.

This function enables the interrupts of given Message Buffers.

Parameters
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* base — FlexCAN peripheral base address.
* mask — The ORed FlexCAN Message Buffer mask.

static inline void FLEXCAN _ DisableMblInterrupts(CAN_Type *base, uint64_t mask)
Disables FlexCAN low 64 Message Buffer interrupts.

This function disables the interrupts of given Message Buffers.
Parameters
* base — FlexCAN peripheral base address.
» mask — The ORed FlexCAN Message Buffer mask.

static inline status_t FLEXCAN_Enable(CAN_Type *base, bool enable)
Enables or disables the FlexCAN module operation.

This function enables or disables the FlexCAN module.
Parameters
* base — FlexCAN base pointer.
* enable — true to enable, false to disable.

Returns
kStatus_Success Enable FlexCAN module successful kStatus_Timeout Timeout
when wait for Low-Power Mode Acknowledge

status_t FLEXCAN_ WriteTxMb(CAN_Type *base, uint8_t mbldx, const flexcan_frame_t
*pTxFrame)

Writes a FlexCAN Message to the Transmit Message Buffer.

This function writes a CAN Message to the specified Transmit Message Buffer and changes
the Message Buffer state to start CAN Message transmit. After that the function returns
immediately.

Parameters
* base — FlexCAN peripheral base address.
* mbldx — The FlexCAN Message Buffer index.
» pTxFrame — Pointer to CAN message frame to be sent.
Return values
* kStatus_ Success — - Write Tx Message Buffer Successfully.
* kStatus_Fail - - Tx Message Buffer is currently in use.

status_t FLEXCAN_ ReadRxMb(CAN_Type *base, uint8_t mbldx, flexcan frame_t *pRxFrame)
Reads a FlexCAN Message from Receive Message Buffer.

This function reads a CAN message from a specified Receive Message Buffer. The function
fills a receive CAN message frame structure with just received data and activates the Mes-
sage Buffer again. The function returns immediately.

Parameters

* base — FlexCAN peripheral base address.

* mbldx — The FlexCAN Message Buffer index.

» pRxFrame — Pointer to CAN message frame structure for reception.
Return values

* kStatus_ Success —- Rx Message Buffer is full and has been read successfully.
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* kStatus_ FLEXCAN_ RxOverflow — - RXx Message Buffer is already over-
flowed and has been read successfully.

* kStatus_ Fail — - Rx Message Buffer is empty.
status_t FLEXCAN_ ReadRxFifo(CAN_Type *base, flexcan_frame_t *pRxFrame)

Reads a FlexCAN Message from Legacy Rx FIFO.
This function reads a CAN message from the FlexCAN Legacy Rx FIFO.

Parameters
* base — FlexCAN peripheral base address.
» pRxFrame — Pointer to CAN message frame structure for reception.

Return values
* kStatus_ Success — - Read Message from Rx FIFO successfully.

* kStatus_Fail — - Rx FIFO is not enabled.

status_t FLEXCAN_ TransferSendBlocking(CAN_Type *base, uint8_t mbldx, flexcan frame_t
*pTxFrame)

Performs a polling send transaction on the CAN bus.

Note: A transfer handle does not need to be created before calling this API.

Parameters
* base — FlexCAN peripheral base pointer.

* mbldx — The FlexCAN Message Buffer index.
* pTxFrame — Pointer to CAN message frame to be sent.
Return values
* kStatus_ Success — - Write Tx Message Buffer Successfully.
* kStatus_ Fail — - Tx Message Buffer is currently in use.
* kStatus_ Timeout — - Failed to send frames within specific time.

status_t FLEXCAN_ TransferReceiveBlocking(CAN_Type *base, uint8_t mbldx, flexcan_frame_t
*pRxFrame)

Performs a polling receive transaction on the CAN bus.

Note: A transfer handle does not need to be created before calling this APIL.

Parameters
* base — FlexCAN peripheral base pointer.

* mbIdx — The FlexCAN Message Buffer index.

» pRxFrame — Pointer to CAN message frame structure for reception.
Return values

* kStatus Success—-Rx Message Buffer is full and has been read successfully.

* kStatus_ FLEXCAN_ RxOverflow — - Rx Message Buffer is already over-
flowed and has been read successfully.

* kStatus_ Fail — - Rx Message Buffer is empty.
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* kStatus_ Timeout — - Failed to receive frames within specific time.

status_t FLEXCAN_ TransferReceiveFifoBlocking(CAN_Type *base, flexcan_frame_t *pRxFrame)
Performs a polling receive transaction from Legacy Rx FIFO on the CAN bus.

Note: A transfer handle does not need to be created before calling this API.

Parameters

* base — FlexCAN peripheral base pointer.

* pRxFrame — Pointer to CAN message frame structure for reception.
Return values

* kStatus_ Success — - Read Message from Rx FIFO successfully.

* kStatus_Fail —- RX FIFO is not enabled.

* kStatus_ Timeout — - Failed to receive frames within specific time.

void FLEXCAN_ TransferCreateHandle(CAN_Type *base, flexcan_handle_t *handle,
flexcan_transfer_callback_t callback, void *userData)

Initializes the FlexCAN handle.

This function initializes the FlexCAN handle, which can be used for other FlexCAN transac-
tional APIs. Usually, for a specified FlexCAN instance, call this API once to get the initialized

handle.
Parameters
* base — FlexCAN peripheral base address.
* handle — FlexCAN handle pointer.
* callback — The callback function.
» userData — The parameter of the callback function.

status_t FLEXCAN_ TransferSendNonBlocking(CAN_Type *base, flexcan_handle_t *handle,
flexcan_mb_transfer_t *pMbXfer)

Sends a message using IRQ.

This function sends a message using IRQ. This is a non-blocking function, which returns
right away. When messages have been sent out, the send callback function is called.

Parameters
* base — FlexCAN peripheral base address.

* handle — FlexCAN handle pointer.

* pMbXfer — FlexCAN Message Buffer transfer structure. See the flex-
can_mb_transfer_t.

Return values
* kStatus_ Success — Start Tx Message Buffer sending process successfully.

* kStatus_ Fail - Write Tx Message Buffer failed.
* kStatus. FLEXCAN_ TxBusy — Tx Message Buffer is in use.

status_t FLEXCAN_ TransferReceiveNonBlocking(CAN_Type *base, flexcan_handle_t *handle,
flexcan_mb_transfer_t *pMbXfer)
Receives a message using IRQ.

This function receives a message using IRQ. This is non-blocking function, which returns
right away. When the message has been received, the receive callback function is called.
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Parameters
* base — FlexCAN peripheral base address.
* handle — FlexCAN handle pointer.

» pMbXfer — FlexCAN Message Buffer transfer structure. See the flex-
can_mb_transfer_t.

Return values
* kStatus_ Success — - Start Rx Message Buffer receiving process successfully.
* kStatus. FLEXCAN_RxBusy — - Rx Message Buffer is in use.

status_t FLEXCAN_ TransferReceiveFifoNonBlocking(CAN_Type *base, flexcan_handle_t *handle,
flexcan_fifo_transfer_t *pFifoXfer)

Receives a message from Rx FIFO using IRQ.

This function receives a message using IRQ. This is a non-blocking function, which returns
right away. When all messages have been received, the receive callback function is called.

Parameters
* base — FlexCAN peripheral base address.
* handle — FlexCAN handle pointer.

e pFifoXfer — FlexCAN Rx FIFO transfer structure. See the flex-
can_fifo_transfer t.

Return values
* kStatus_ Success — - Start Rx FIFO receiving process successfully.
* kStatus_ FLEXCAN_ RxFifoBusy — - Rx FIFO is currently in use.

status_t FLEXCAN_ TransferGetReceiveFifoCount(CAN_Type *base, flexcan_handle_t *handle,
size_t *count)

Gets the Legacy Rx Fifo transfer status during a interrupt non-blocking receive.
Parameters
* base — FlexCAN peripheral base address.
* handle — FlexCAN handle pointer.

* count — Number of CAN messages receive so far by the non-blocking trans-
action.

Return values
* kStatus_ InvalidArgument — count is Invalid.
* kStatus_ Success — Successfully return the count.

uint32_t FLEXCAN_ GetTimeStamp(flexcan_handle_t *handle, uint8_t mbldx)
Gets the detail index of Mailbox’s Timestamp by handle.
Then function can only be used when calling non-blocking Data transfer (TX/RX)
API, After TX/RX data transfer done (User can get the status by handler’s callback
function), we can get the detail index of Mailbox’s timestamp by handle, Detail non-
blocking data transfer API (TX/RX) contain. -FLEXCAN_TransferSendNonBlocking

-FLEXCAN_TransferFDSendNonBlocking -FLEXCAN_TransferReceiveNonBlocking -
FLEXCAN_TransferFDReceiveNonBlocking -FLEXCAN_TransferReceiveFifoNonBlocking

Parameters
* handle — FlexCAN handle pointer.
* mbIdx — The FlexCAN Message Buffer index.
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Return values
the — index of mailbox ‘s timestamp stored in the handle.

void FLEXCAN_ TransferAbortSend(CAN_Type *base, flexcan_handle_t *handle, uint8_t mbldx)
Aborts the interrupt driven message send process.

This function aborts the interrupt driven message send process.
Parameters
* base — FlexCAN peripheral base address.
* handle — FlexCAN handle pointer.
* mbIdx — The FlexCAN Message Buffer index.

void FLEXCAN_ TransferAbortReceive(CAN_Type *base, flexcan_handle_t *handle, uint8_t
mbldx)

Aborts the interrupt driven message receive process.
This function aborts the interrupt driven message receive process.
Parameters
* base — FlexCAN peripheral base address.
* handle — FlexCAN handle pointer.
* mbIdx — The FlexCAN Message Buffer index.

void FLEXCAN TransferAbortReceiveFifo(CAN_Type *base, flexcan_handle_t *handle)
Aborts the interrupt driven message receive from Rx FIFO process.

This function aborts the interrupt driven message receive from Rx FIFO process.
Parameters
* base — FlexCAN peripheral base address.
* handle — FlexCAN handle pointer.

void FLEXCAN_ TransferHandleIRQ(CAN_Type *base, flexcan_handle_t *handle)
FlexCAN IRQ handle function.

This function handles the FlexCAN Error, the Message Buffer, and the Rx FIFO IRQ request.
Parameters
* base — FlexCAN peripheral base address.
* handle — FlexCAN handle pointer.

void FLEXCAN_ MbHandleIRQ(CAN_Type *base, flexcan_handle_t *handle, uint32_t startMbldx,
uint32_t endMbldx)

FlexCAN Message Buffer IRQ handle function.
Parameters
* base — FlexCAN peripheral base address.
* handle — FlexCAN handle pointer.
* startMbldx — First Message Buffer to handle.
* endMbldx — Last Message Buffer to handle.

void FLEXCAN_ BusoffErrorHandleIRQ(CAN_Type *base, flexcan_handle_t *handle)
FlexCAN Bus Off, Error and Warning IRQ handle function.

Parameters

* base — FlexCAN peripheral base address.
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* handle — FlexCAN handle pointer.

FSL FLEXCAN_ DRIVER_VERSION
FlexCAN driver version.

FlexCAN transfer status.
Values:
enumerator kStatus. FLEXCAN_ TxBusy
Tx Message Buffer is Busy.
enumerator kStatus. FLEXCAN_ TxIdle
Tx Message Buffer is Idle.
enumerator kStatus FLEXCAN_TxSwitchToRx
Remote Message is send out and Message buffer changed to Receive one.
enumerator kStatus. FLEXCAN_ RxBusy
Rx Message Buffer is Busy.
enumerator kStatus. FLEXCAN_RxIdle
Rx Message Buffer is Idle.
enumerator kStatus FLEXCAN_RxOverflow
Rx Message Buffer is Overflowed.
enumerator kStatus. FLEXCAN__RxFifoBusy
Rx Message FIFO is Busy.
enumerator kStatus  FLEXCAN RxFifoldle
Rx Message FIFO is Idle.
enumerator kStatus FLEXCAN _RxFifoOverflow
Rx Message FIFO is overflowed.
enumerator kStatus. FLEXCAN__RxFifoWarning
Rx Message FIFO is almost overflowed.
enumerator kStatus. FLEXCAN_RxFifoDisabled
Rx Message FIFO is disabled during reading.
enumerator kStatus. FLEXCAN__ ErrorStatus
FlexCAN Module Error and Status.

enumerator kStatus. FLEXCAN_ WakeUp
FlexCAN is waken up from STOP mode.

enumerator kStatus. FLEXCAN_UnHandled
UnHadled Interrupt asserted.

enumerator kStatus. FLEXCAN__RxRemote
Rx Remote Message Received in Mail box.

enum flexcan frame format
FlexCAN frame format.

Values:

enumerator kFLEXCAN FrameFormatStandard
Standard frame format attribute.
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enumerator kFLEXCAN FrameFormatExtend
Extend frame format attribute.

enum _ flexcan_ frame_ type
FlexCAN frame type.
Values:
enumerator kFLEXCAN_ FrameTypeData
Data frame type attribute.
enumerator kKFLEXCAN_ FrameTypeRemote
Remote frame type attribute.

enum flexcan clock source
FlexCAN clock source.

Deprecated:
Do not use the KFLEXCAN_CIkSrcOs. It has been superceded KFLEXCAN_CIkSrcO

Do not use the KFLEXCAN_CIkSrcPeri. It has been superceded KFLEXCAN_ClkSrc1
Values:
enumerator kFLEXCAN_ ClkSrcOsc
FlexCAN Protocol Engine clock from Oscillator.
enumerator kFLEXCAN_ ClkSrcPeri
FlexCAN Protocol Engine clock from Peripheral Clock.
enumerator kFLEXCAN_ ClkSrc0
FlexCAN Protocol Engine clock selected by user as SRC == 0.
enumerator kFLEXCAN__ ClkSrcl
FlexCAN Protocol Engine clock selected by user as SRC == 1.
enum _ flexcan_rx_fifo_filter type
FlexCAN Rx Fifo Filter type.
Values:
enumerator kFLEXCAN_ RxFifoFilterTypeA
One full ID (standard and extended) per ID Filter element.
enumerator kFLEXCAN_ RxFifoFilterTypeB
Two full standard IDs or two partial 14-bit ID slices per ID Filter Table element.
enumerator kFLEXCAN_ RxFifoFilterTypeC
Four partial 8-bit Standard or extended ID slices per ID Filter Table element.
enumerator kFLEXCAN_ RxFifoFilterTypeD
All frames rejected.
enum _ flexcan_rx_fifo priority
FlexCAN Enhanced/Legacy Rx FIFO priority.

The matching process starts from the Rx MB(or Enhanced/Legacy Rx FIFO) with higher
priority. If no MB(or Enhanced/Legacy Rx FIFO filter) is satisfied, the matching process
goes on with the Enhanced/Legacy Rx FIFO(or Rx MB) with lower priority.

Values:
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enumerator kFLEXCAN_RxFifoPrioLow
Matching process start from Rx Message Buffer first.

enumerator kFLEXCAN_ RxFifoPrioHigh
Matching process start from Enhanced/Legacy Rx FIFO first.
enum _ flexcan_ interrupt_ enable
FlexCAN interrupt enable enumerations.

This provides constants for the FlexCAN interrupt enable enumerations for use in the Flex-
CAN functions.

Note: FlexCAN Message Buffers and Legacy Rx FIFO interrupts not included in.

Values:

enumerator kFLEXCAN_ BusOffInterruptEnable
Bus Off interrupt, use bit 15.

enumerator kFLEXCAN_ ErrorInterruptEnable
CAN Error interrupt, use bit 14.

enumerator kFLEXCAN_ TxWarningInterruptEnable
Tx Warning interrupt, use bit 11.

enumerator kFLEXCAN_ RxWarningInterruptEnable
Rx Warning interrupt, use bit 10.

enumerator kFLEXCAN_ WakeUpInterruptEnable
Self Wake Up interrupt, use bit 26.

enum _ flexcan_ flags
FlexCAN status flags.

This provides constants for the FlexCAN status flags for use in the FlexCAN functions.

Note: The CPUread action clears the bits corresponding to the FIEXCAN_ErrorFlag macro,
therefore user need to read status flags and distinguish which error is occur using _flex-
can_error_flags enumerations.

Values:
enumerator kKFLEXCAN_ SynchFlag
CAN Synchronization Status.
enumerator kFLEXCAN_ TxWarningIntFlag
Tx Warning Interrupt Flag.
enumerator kFLEXCAN_ RxWarningIntFlag
Rx Warning Interrupt Flag.
enumerator kFLEXCAN_ IdleFlag
FlexCAN In IDLE Status.
enumerator kFLEXCAN_ FaultConfinementFlag
FlexCAN Fault Confinement State.

enumerator kKFLEXCAN_ TransmittingFlag
FlexCAN In Transmission Status.
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enumerator kFLEXCAN_ ReceivingFlag
FlexCAN In Reception Status.

enumerator kFLEXCAN_ BusOffIntFlag
Bus Off Interrupt Flag.

enumerator kFLEXCAN_ ErrorIntFlag
CAN Error Interrupt Flag.

enumerator kFLEXCAN_ WakeUplIntFlag
Self Wake-Up Interrupt Flag.

enumerator kFLEXCAN_ ErrorFlag

enum _ flexcan_ error_ flags
FlexCAN error status flags.

The FlexCAN Error Status enumerations is used to report current error of the FlexCAN bus.
This enumerations should be used with KFLEXCAN_ErrorFlag in _flexcan_flags enumera-
tions to ditermine which error is generated.

Values:
enumerator kFLEXCAN_ TxErrorWarningFlag
Tx Error Warning Status.
enumerator kFLEXCAN_ RxErrorWarningFlag
Rx Error Warning Status.
enumerator kFLEXCAN_ StuffingError
Stuffing Error.
enumerator kKFLEXCAN_ FormError
Form Error.
enumerator kFLEXCAN_ CrcError
Cyclic Redundancy Check Error.
enumerator kKFLEXCAN_ AckError
Received no ACK on transmission.
enumerator kKFLEXCAN_ BitOError
Unable to send dominant bit.

enumerator kFLEXCAN BitlError
Unable to send recessive bit.

FlexCAN Legacy Rx FIFO status flags.

The FlexCAN Legacy Rx FIFO Status enumerations are used to determine the status of the
Rx FIFO. Because Rx FIFO occupy the MBO ~ MB7 (Rx Fifo filter also occupies more Message
Buffer space), Rx FIFO status flags are mapped to the corresponding Message Buffer status
flags.

Values:

enumerator kFLEXCAN_ RxFifoOverflowFlag
Rx FIFO overflow flag.

enumerator kFLEXCAN_ RxFifoWarningFlag
Rx FIFO almost full flag.

260 Chapter 2. MIMX9322



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

enumerator kFLEXCAN_ RxFifoFrameAvlFlag
Frames available in Rx FIFO flag.

typedef enum _flexcan _frame_format flexcan_ frame_ format__t
FlexCAN frame format.

typedef enum _flexcan _frame_type flexcan_ frame_ type_t
FlexCAN frame type.

typedef enum _flexcan_clock_source flexcan_ clock_source_ t
FlexCAN clock source.

Deprecated:
Do not use the KFLEXCAN_ClkSrcOs. It has been superceded KFLEXCAN_ClkSrcO

Do not use the KFLEXCAN_CIkSrcPeri. It has been superceded KFLEXCAN_ClkSrc1

typedef enum _flexcan_rx_fifo_filter_type flexcan_rx_fifo_filter_type_t
FlexCAN Rx Fifo Filter type.

typedef enum _flexcan_rx_fifo_priority flexcan_rx_ fifo_ priority_t
FlexCAN Enhanced/Legacy Rx FIFO priority.
The matching process starts from the Rx MB(or Enhanced/Legacy Rx FIFO) with higher
priority. If no MB(or Enhanced/Legacy Rx FIFO filter) is satisfied, the matching process
goes on with the Enhanced/Legacy Rx FIFO(or Rx MB) with lower priority.

typedef struct _flexcan_frame flexcan_ frame_ t
FlexCAN message frame structure.

typedef struct _flexcan_timing_config flexcan_ timing config t
FlexCAN protocol timing characteristic configuration structure.

typedef struct _flexcan_config flexcan_config_t
FlexCAN module configuration structure.

Deprecated:
Do not use the baudRate. It has been superceded bitRate

Do not use the baudRateFD. It has been superceded bitRateFD

typedef struct _flexcan_rx_mb_config flexcan_rx_mb_ config_t
FlexCAN Receive Message Buffer configuration structure.
This structure is used as the parameter of FLEXCAN_SetRxMbConfig() function. The FLEX-
CAN_SetRxMbConfig() function is used to configure FlexCAN Receive Message Buffer. The
function abort previous receiving process, clean the Message Buffer and activate the Rx
Message Buffer using given Message Buffer setting.

typedef struct _flexcan_rx_fifo_config flexcan_rx_fifo_ config_t
FlexCAN Legacy Rx FIFO configuration structure.

typedef struct _flexcan_mb_transfer flexcan_mb__transfer_t
FlexCAN Message Buffer transfer.

typedef struct _flexcan _fifo_transfer flexcan_ fifo_transfer t
FlexCAN Rx FIFO transfer.

typedef struct _flexcan_handle flexcan__handle_t
FlexCAN handle structure definition.
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typedef void (*flexcan_ transfer_ callback_t)(CAN_Type *base, flexcan_handle_t *handle, status_t
status, uint32_t result, void *userData)

FLEXCAN_WAIT_ TIMEOUT

FLEXCAN_POLLING_TIMEOUT
Max loops to wait for polling transfer.

FLEXCAN_MODULE_TIMEOUT

Max loops to wait for FlexCAN register access complete.
FLEXCAN_ID_STD(id)

FlexCAN frame length helper macro.

FlexCAN Frame ID helper macro. Standard Frame ID helper macro.
FLEXCAN_ID_EXT(id)

Extend Frame ID helper macro.
FLEXCAN_RX_MB_STD MASK(id, rtr, ide)

FlexCAN Rx Message Buffer Mask helper macro.

Standard Rx Message Buffer Mask helper macro.
FLEXCAN_RX_MB_EXT MASK(id, rtr, ide)

Extend Rx Message Buffer Mask helper macro.
FLEXCAN_RX_FIFO_STD_MASK_TYPE_A(id, rtr, ide)

FlexCAN Legacy Rx FIFO Mask helper macro.

Standard Rx FIFO Mask helper macro Type A helper macro.
FLEXCAN_RX_FIFO_STD_MASK_TYPE_B_HIGH(id, rty, ide)

Standard Rx FIFO Mask helper macro Type B upper part helper macro.
FLEXCAN_RX_FIFO_STD_MASK_ TYPE_B_LOW(id, rtr, ide)

Standard Rx FIFO Mask helper macro Type B lower part helper macro.
FLEXCAN_RX_FIFO_STD_MASK_TYPE_C_HIGH(id)

Standard Rx FIFO Mask helper macro Type C upper part helper macro.

FLEXCAN_RX_FIFO_STD_MASK_ TYPE_C_MID_HIGH(id)
Standard Rx FIFO Mask helper macro Type C mid-upper part helper macro.

FLEXCAN_RX_FIFO_STD_MASK TYPE_C_MID_LOW(id)

Standard Rx FIFO Mask helper macro Type C mid-lower part helper macro.
FLEXCAN_RX_FIFO_STD_MASK_TYPE_C_LOW(d)

Standard Rx FIFO Mask helper macro Type C lower part helper macro.
FLEXCAN_RX_FIFO_EXT MASK_ TYPE_A(id, rty ide)

Extend Rx FIFO Mask helper macro Type A helper macro.
FLEXCAN_ RX FIFO_EXT_ MASK TYPE_ B_HIGH(id, rtr, ide)

Extend Rx FIFO Mask helper macro Type B upper part helper macro.
FLEXCAN_RX_FIFO_EXT_ MASK_ TYPE_B_LOW(id, rtr, ide)

Extend Rx FIFO Mask helper macro Type B lower part helper macro.
FLEXCAN_ RX_FIFO_ EXT MASK TYPE_ C_HIGH(id)

Extend Rx FIFO Mask helper macro Type C upper part helper macro.

FLEXCAN_RX_FIFO_EXT_MASK_TYPE_C_MID_HIGH(id)
Extend Rx FIFO Mask helper macro Type C mid-upper part helper macro.

262 Chapter 2. MIMX9322



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

FLEXCAN_RX_FIFO_EXT_MASK_TYPE_C_MID_LOW(id)
Extend Rx FIFO Mask helper macro Type C mid-lower part helper macro.

FLEXCAN_RX_FIFO_EXT_MASK_TYPE_C_LOW(id)

Extend Rx FIFO Mask helper macro Type C lower part helper macro.
FLEXCAN_RX_FIFO_STD_FILTER_TYPE_ A(id, rtr, ide)

FlexCAN Rx FIFO Filter helper macro.

Standard Rx FIFO Filter helper macro Type A helper macro.
FLEXCAN_ RX FIFO_STD_FILTER_TYPE_ B_HIGH(id, rtr, ide)

Standard Rx FIFO Filter helper macro Type B upper part helper macro.
FLEXCAN_ RX FIFO_ STD_FILTER_TYPE_ B_ LOW(id, rtr, ide)

Standard Rx FIFO Filter helper macro Type B lower part helper macro.
FLEXCAN_RX_ FIFO_STD_FILTER_TYPE_ C_ HIGH(id)

Standard Rx FIFO Filter helper macro Type C upper part helper macro.

FLEXCAN_RX_ FIFO_STD_FILTER_TYPE_ C_ MID_ HIGH(id)
Standard Rx FIFO Filter helper macro Type C mid-upper part helper macro.

FLEXCAN_RX FIFO_STD_FILTER_TYPE_ C_MID_LOW(id)
Standard Rx FIFO Filter helper macro Type C mid-lower part helper macro.

FLEXCAN_ RX FIFO_STD_FILTER_TYPE_C_LOW(id)

Standard Rx FIFO Filter helper macro Type C lower part helper macro.
FLEXCAN RX_FIFO_ EXT FILTER_ TYPE_A(id, rtr ide)

Extend Rx FIFO Filter helper macro Type A helper macro.
FLEXCAN_ RX_ FIFO_ EXT FILTER_TYPE_ B HIGH(id, rtr, ide)

Extend Rx FIFO Filter helper macro Type B upper part helper macro.
FLEXCAN RX_ FIFO EXT FILTER_ TYPE B LOW(id, rtr, ide)

Extend Rx FIFO Filter helper macro Type B lower part helper macro.

FLEXCAN RX_ FIFO EXT FILTER TYPE C_HIGH(id)
Extend Rx FIFO Filter helper macro Type C upper part helper macro.

FLEXCAN RX_ FIFO EXT FILTER_ TYPE C_MID HIGH(id)

Extend Rx FIFO Filter helper macro Type C mid-upper part helper macro.
FLEXCAN_RX_FIFO_EXT FILTER_TYPE_ C_MID LOW(id)

Extend Rx FIFO Filter helper macro Type C mid-lower part helper macro.
FLEXCAN_ RX_FIFO_EXT FILTER_TYPE_C_LOW(id)

Extend Rx FIFO Filter helper macro Type C lower part helper macro.
FLEXCAN_ERROR_AND_STATUS_INT_FLAG

FlexCAN interrupt/status flag helper macro.

FLEXCAN_PNWAKE_UP_FLAG
FLEXCAN_WAKE_UP_FLAG
FLEXCAN_MEMORY_ERROR_INT_FLAG

FLEXCAN_ENHANCED_RX_ FIFO_INT_FLAG
FlexCAN Enhanced Rx FIFO base address helper macro.
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FLEXCAN_CALLBACK(X)

FlexCAN transfer callback function.

The FlexCAN transfer callback returns a value from the underlying layer.

If the status

equals to kStatus_FLEXCAN_ErrorStatus, the result parameter is the Content of FlexCAN
status register which can be used to get the working status(or error status) of FlexCAN mod-
ule. If the status equals to other FlexCAN Message Buffer transfer status, the result is the
index of Message Buffer that generate transfer event. If the status equals to other FlexCAN
Message Buffer transfer status, the result is meaningless and should be Ignored.

struct flexcan_frame

#include <fsl_flexcan.h> FlexCAN message frame structure.

struct _ flexcan__timing_ config

#include <fsl_flexcan.h> FlexCAN protocol timing characteristic configuration

Public Members
uint32_t preDivider
Classic CAN or CAN FD nominal phase bit rate prescaler.

uint32_t rJumpwidth
Classic CAN or CAN FD nominal phase Re-sync Jump Width.

uint32_t phaseSegl
Classic CAN or CAN FD nominal phase Segment 1.

uint32_t phaseSeg2
Classic CAN or CAN FD nominal phase Segment 2.
uint32_t propSeg
Classic CAN or CAN FD nominal phase Propagation Segment.

struct _ flexcan_ config

#include <fsl_flexcan.h> FlexCAN module configuration structure.

Deprecated:
Do not use the baudRate. It has been superceded bitRate

Do not use the baudRateFD. It has been superceded bitRateFD

Public Members
flexcan_clock_source_t clkSrc
Clock source for FlexCAN Protocol Engine.

uint8_t maxMbNum

The maximum number of Message Buffers used by user.
bool enableLoopBack

Enable or Disable Loop Back Self Test Mode.
bool enableTimerSync

Enable or Disable Timer Synchronization.

bool enableSelfWakeup
Enable or Disable Self Wakeup Mode.

structure.
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bool enableIndividMask
Enable or Disable Rx Individual Mask and Queue feature.

bool disableSelfReception
Enable or Disable Self Reflection.

bool enableListenOnlyMode
Enable or Disable Listen Only Mode.

bool enableSupervisorMode
Enable or Disable Supervisor Mode, enable this mode will make registers allow only
Supervisor access.

bool enableRemoteRequestFrameStored
true: Store Remote Request Frame in the same fashion of data frame. false: Generate
an automatic Remote Response Frame.

struct _ flexcan_ rx_mb_ config

#include <fsl_flexcan.h> FlexCAN Receive Message Buffer configuration structure.

This structure is used as the parameter of FLEXCAN_SetRxMbConfig() function. The FLEX-

CAN_SetRxMbConfig() function is used to configure FlexCAN Receive Message Buffer. The

function abort previous receiving process, clean the Message Buffer and activate the Rx
Message Buffer using given Message Buffer setting.

Public Members

uint32_tid
CAN Message Buffer Frame Identifier, should be set using FLEXCAN_ID_EXT() or FLEX-
CAN_ID_STD() macro.

flexcan_frame_format_t format
CAN Frame Identifier format(Standard of Extend).

flexcan_frame_type_t type
CAN Frame Type(Data or Remote for classical CAN only).

struct _flexcan_rx_fifo_config
#include <fsl_flexcan.h> FlexCAN Legacy Rx FIFO configuration structure.

Public Members

uint32_t *idFilterTable
Pointer to the FlexCAN Legacy Rx FIFO identifier filter table.

uint8_t idFilterNum

The FlexCAN Legacy Rx FIFO Filter elements quantity.
flexcan_rx_fifo_filter_type_t idFilterType

The FlexCAN Legacy Rx FIFO Filter type.
flexcan_rx_fifo_priority_t priority

The FlexCAN Legacy Rx FIFO receive priority.

struct flexcan mb transfer
#include <fsl_flexcan.h> FlexCAN Message Buffer transfer.

2.9. FlexCAN Driver 265



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

Public Members
flexcan_frame_t *frame
The buffer of CAN Message to be transfer.

uint8_t mbldx
The index of Message buffer used to transfer Message.

struct flexcan fifo transfer
#include <fsl_flexcan.h> FlexCAN Rx FIFO transfer.

Public Members
flexcan_frame_t *frame
The buffer of CAN Message to be received from Legacy Rx FIFO.

size_t frameNum
Number of CAN Message need to be received from Legacy or Ehanced Rx FIFO.

struct _flexcan_handle
#include <fsl_flexcan.h> FlexCAN handle structure.

Public Members
flexcan_transfer_callback_t callback
Callback function.

void *userData
FlexCAN callback function parameter.
flexcan_frame_t *volatile mbFrameBuf[CAN_WORD1_COUNT]
The buffer for received CAN data from Message Buffers.
flexcan_frame_t *volatile rxFifoFrameBuf
The buffer for received CAN data from Legacy Rx FIFO.

size_t rxFifoFrameNum

The number of CAN messages remaining to be received from Legacy or Ehanced Rx
FIFO.

size_t rxFifoTransferTotalNum
Total CAN Message number need to be received from Legacy or Ehanced Rx FIFO.

volatile uint8_t mbState[CAN_WORD1_COUNT]
Message Buffer transfer state.

volatile uint8_t rxFifoState
Rx FIFO transfer state.

volatile uint32_t timestamp[CAN_WORD1_COUNT]
Mailbox transfer timestamp.

struct  unnamedl6

Public Members

uint32_t timestamp
FlexCAN internal Free-Running Counter Time Stamp.
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uint32_t length

CAN frame data length in bytes (Range: 0~8).

uint32_t type

CAN Frame Type(DATA or REMOTE).

uint32_t format

CAN Frame Identifier(STD or EXT format).

uint32_t_ pad0___
Reserved.

uint32_t idhit

CAN Rx FIFO filter hit id(This value is only used in Rx FIFO receive mode).

struct  unnamedl8

Public Members

uint32_t id

CAN Frame Identifier, should be set using FLEXCAN_ID_EXT() or FLEXCAN_ID_STD()

macro.

uint32_t  pad0
Reserved.

union unnamed20

Public Members
struct flexcan frame
struct _flexcan_frame

struct  unnamed22

Public Members

uint32_t dataWord0

CAN Frame payload word0.

uint32_t dataWord1l

CAN Frame payload word1.

struct  unnamed24

Public Members
uint8_t dataByte3

CAN Frame payload byte3.
uint8_t dataByte2

CAN Frame payload byte2.
uint8_t dataBytel

CAN Frame payload bytel.
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uint8_t dataByte0
CAN Frame payload byte0.

uint8_t dataByte7
CAN Frame payload byte7.

uint8_t dataByte6
CAN Frame payload byte6.

uint8_t dataByteb
CAN Frame payload byte5.

uint8_t dataByte4
CAN Frame payload byte4.

union unnamed?26

Public Members
struct _ flexcan_ config
struct _ flexcan_ config

struct  unnamed28

Public Members
uint32_t baudRate
FlexCAN bit rate in bps, for classical CAN or CANFD nominal phase.

struct  unnamed30_

Public Members

uint32_t bitRate
FlexCAN bit rate in bps, for classical CAN or CANFD nominal phase.

2.10 FlexCAN eDMA Driver

void FLEXCAN_ TransferCreateHandleEDMA (CAN_Type *base, flexcan_edma_handle_t *handle,
flexcan_edma_transfer_callback_t callback, void
*userData, edma_handle_t *rxFifoEdmaHandle)

Initializes the FlexCAN handle, which is used in transactional functions.
Parameters
* base — FlexCAN peripheral base address.
* handle — Pointer to flexcan_edma_handle_t structure.
* callback — The callback function.
¢ userData — The parameter of the callback function.
¢ rxFifoEdmaHandle — User-requested DMA handle for Rx FIFO DMA transfer.
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void FLEXCAN_ PrepareTransfConfiguration(CAN_Type *base, flexcan_fifo_transfer_t *pFifoXfer,
edma_transfer_config t *pEdmaConfig)

Prepares the eDMA transfer configuration for FLEXCAN Legacy RX FIFO.

This function prepares the eDMA transfer configuration structure according to FLEXCAN
Legacy RX FIFO.

Parameters
* base — FlexCAN peripheral base address.

» pFifoXfer — FlexCAN Rx FIFO EDMA transfer structure, see flex-
can_fifo_transfer_t.

* pEdmaConfig — The user configuration structure of type edma_transfer_t.

status_t FLEXCAN_ StartTransferDatafromRxFIFO(CAN_Type *base, flexcan_edma_handle_t
*handle, edma_transfer_config t
*pEdmacConfig)

Start Transfer Data from the FLEXCAN Legacy Rx FIFO using eDMA.
This function to Update edma transfer confiugration and Start eDMA transfer
Parameters
* base — FlexCAN peripheral base address.
* handle — Pointer to flexcan_edma_handle_t structure.
* pEdmaConfig — The user configuration structure of type edma_transfer_t.
Return values
* kStatus Success — if succeed, others failed.
* kStatus_ FLEXCAN_ RxFifoBusy — Previous transfer ongoing.

status_t FLEXCAN TransferReceiveFifoEDMA (CAN_Type *base, flexcan_edma_handle_t *handle,
flexcan_fifo_transfer_t *pFifoXfer)

Receives the CAN Message from the Legacy Rx FIFO using eDMA.

This function receives the CAN Message using eDMA. This is a non-blocking function, which
returns right away. After the CAN Message is received, the receive callback function is
called.

Parameters
* base — FlexCAN peripheral base address.
* handle — Pointer to flexcan_edma_handle_t structure.

e pFifoXfer — FlexCAN Rx FIFO EDMA transfer structure, see flex-
can_fifo_transfer_t.

Return values
* kStatus Success — if succeed, others failed.
* kStatus. FLEXCAN_RxFifoBusy — Previous transfer ongoing.

status_t FLEXCAN_ TransferGetReceiveFifoCountEMDA (CAN_Type *base, flexcan_edma_handle_t
*handle, size_t *count)

Gets the Legacy Rx Fifo transfer status during a interrupt non-blocking receive.
Parameters
* base — FlexCAN peripheral base address.
* handle — FlexCAN handle pointer.
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* count — Number of CAN messages receive so far by the non-blocking trans-
action.

Return values
* kStatus_ InvalidArgument — count is Invalid.
* kStatus_ Success — Successfully return the count.

void FLEXCAN_ TransferAbortReceiveFifoEDMA (CAN_Type *base, flexcan_edma_handle_t
*handle)

Aborts the receive Legacy/Enhanced Rx FIFO process which used eDMA.
This function aborts the receive Legacy/Enhanced Rx FIFO process which used eDMA.
Parameters
* base — FlexCAN peripheral base address.
* handle — Pointer to flexcan_edma_handle_t structure.

FSL_FLEXCAN EDMA_DRIVER,_VERSION
FlexCAN EDMA driver version.

typedef struct _flexcan_edma_handle flexcan__edma__handle_t

typedef void (*flexcan_ edma_ transfer callback t)(CAN_Type *base, flexcan_edma_handle_t
*handle, status_t status, void *userData)

FlexCAN transfer callback function.

struct _flexcan__edma_ handle
#include <fsl_flexcan_edma.h> FlexCAN eDMA handle.

Public Members
flexcan_edma_transfer_callback_t callback
Callback function.

void *userData
FlexCAN callback function parameter.

edma_handle_t *rxFifoEdmaHandle
The EDMA handler for Rx FIFO.

volatile uint8_t rxFifoState
Rx FIFO transfer state.

size_t frameNum
The number of messages that need to be received.

2.11 FlexIO: FlexIO Driver

2.12 FlexIO Driver

void FLEXIO_ GetDefaultConfig(flexio_config_t *userConfig)

Gets the default configuration to configure the FlexIO module. The configuration can used
directly to call the FLEXIO_Configure().

Example:
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flexio__config_t config;
FLEXIO_ GetDefaultConfig(&config);

Parameters
* userConfig — pointer to flexio_config_t structure

void FLEXIO_ Init(FLEXIO_Type *base, const flexio_config_t *userConfig)

Configures the FlexIO with a FlexIO configuration. The configuration structure can be filled
by the user or be set with default values by FLEXIO_GetDefaultConfig().

Example

flexio__config_t config = {
.enableFlexio = true,
.enableInDoze = false,
.enableInDebug = true,
.enableFastAccess = false

FLEXIO_ Configure(base, &config);

Parameters
* base — FlexIO peripheral base address
» userConfig — pointer to flexio_config_t structure

void FLEXIO_ Deinit(FLEXIO_Type *base)
Gates the FlexIO clock. Call this API to stop the FlexIO clock.

Note: After calling this API, call the FLEXO_Init to use the FlexIO module.

Parameters
* base — FlexIO peripheral base address

uint32_t FLEXIO_ GetInstance(FLEXIO_Type *base)
Get instance number for FLEXIO module.

Parameters
* base — FLEXIO peripheral base address.

void FLEXIO_ Reset(FLEXIO_Type *base)
Resets the FlexIO module.

Parameters
* base — FlexIO peripheral base address

static inline void FLEXIO_ Enable(FLEXIO_Type *base, bool enable)
Enables the FlexIO module operation.

Parameters
* base — FlexIO peripheral base address
* enable — true to enable, false to disable.

void FLEXIO SetShifterConfig(FLEXIO_Type *base, uint8_t index, const flexio_shifter_config t
*shifterConfig)

Configures the shifter with the shifter configuration. The configuration structure covers
both the SHIFTCTL and SHIFTCFG registers. To configure the shifter to the proper mode,
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select which timer controls the shifter to shift, whether to generate start bit/stop bit, and
the polarity of start bit and stop bit.

Example

flexio_ shifter_ config_t config = {

timerSelect = 0,

timerPolarity = kFLEXIO__ ShifterTimerPolarityOnPositive,
.pinConfig = kFLEXIO_ PinConfigOpenDrainOrBidirection,
.pinPolarity = KFLEXIO__ PinActiveLow,

.shifterMode = kFLEXIO_ ShifterModeTransmit,
.inputSource = kKFLEXIO__ShifterInputFromPin,
.shifterStop = kFLEXIO__ShifterStopBitHigh,

.shifterStart = kKFLEXIO__ShifterStartBitLow

J§

FLEXIO__ SetShifterConfig(base, &config);

Parameters
* base — FlexIO peripheral base address
* index — Shifter index
* shifterConfig — Pointer to flexio_shifter_config_t structure

void FLEXIO SetTimerConfig(FLEXIO_Type *base, uint8_t index, const flexio_timer_config_t
*timerConfig)

Configures the timer with the timer configuration. The configuration structure covers both
the TIMCTL and TIMCFG registers. To configure the timer to the proper mode, select trigger
source for timer and the timer pin output and the timing for timer.

Example

flexio_timer__config_t config = {

triggerSelect = FLEXIO_TIMER,_ TRIGGER_SEL_SHIFTnSTAT(0),
triggerPolarity = kFLEXIO_ TimerTriggerPolarity ActiveLow,
triggerSource = kKFLEXIO__TimerTriggerSourcelnternal,

.pinConfig = kFLEXIO_ PinConfigOpenDrainOrBidirection,

.pinSelect = 0,

.pinPolarity = kFLEXIO_ PinActiveHigh,

timerMode = kKFLEXIO__TimerModeDual8BitBaudBit,

timerOutput = kKFLEXIO_ TimerOutputZeroNotAffectedByReset,
timerDecrement = kFLEXIO_ TimerDecSrcOnFlexIOClockShiftTimerOutput,
timerReset = kFLEXIO_ TimerResetOnTimerPinEqualToTimerOutput,
timerDisable = kKFLEXIO_ TimerDisableOnTimerCompare,
timerEnable = kFLEXIO_ TimerEnableOnTriggerHigh,

timerStop = kFLEXIO__TimerStopBitEnableOnTimerDisable,
timerStart = kKFLEXIO_ TimerStartBitEnabled

FLEXIO_SetTimerConfig(base, &config);

Parameters
* base — FlexIO peripheral base address
* index — Timer index
* timerConfig — Pointer to the flexio_timer_config_t structure

static inline void FLEXIO_ SetClockMode(FLEXIO_Type *base, uint8_t index,
flexio_timer_decrement_source_t clocksource)

This function set the value of the prescaler on flexio channels.

Parameters
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* base — Pointer to the FlexIO simulated peripheral type.
* index — Timer index
¢ clocksource — Set clock value

static inline void FLEXIO_ EnableShifterStatusInterrupts(FLEXIO_Type *base, uint32_t mask)

Enables the shifter status interrupt. The interrupt generates when the corresponding SSF
is set.

Note: For multiple shifter status interrupt enable, for example, two shifter status enable,
can calculate the mask by using ((1 « shifter index0) | (1 « shifter index1))

Parameters
* base — FlexIO peripheral base address

» mask — The shifter status mask which can be calculated by (1 « shifter in-
dex)
static inline void FLEXIO_ DisableShifterStatusInterrupts(FLEXIO_Type *base, uint32_t mask)

Disables the shifter status interrupt. The interrupt won’t generate when the corresponding
SSF is set.

Note: For multiple shifter status interrupt enable, for example, two shifter status enable,
can calculate the mask by using ((1 « shifter index0) | (1 « shifter index1))

Parameters
* base — FlexIO peripheral base address

» mask — The shifter status mask which can be calculated by (1 « shifter in-
dex)

static inline void FLEXIO_ EnableShifterErrorInterrupts(FLEXIO_Type *base, uint32_t mask)

Enables the shifter error interrupt. The interrupt generates when the corresponding SEF
is set.

Note: For multiple shifter error interrupt enable, for example, two shifter error enable,
can calculate the mask by using ((1 « shifter index0) | (1 « shifter index1))

Parameters
* base — FlexIO peripheral base address
» mask — The shifter error mask which can be calculated by (1 « shifter index)

static inline void FLEXIO_ DisableShifterErrorInterrupts(FLEXIO_Type *base, uint32_t mask)

Disables the shifter error interrupt. The interrupt won’t generate when the corresponding
SEF is set.

Note: For multiple shifter error interrupt enable, for example, two shifter error enable,
can calculate the mask by using ((1 « shifter index0) | (1 « shifter index1))

Parameters

* base — FlexIO peripheral base address
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* mask — The shifter error mask which can be calculated by (1 « shifter index)

static inline void FLEXIO_ EnableTimerStatusInterrupts(FLEXIO_Type *base, uint32_t mask)

Enables the timer status interrupt. The interrupt generates when the corresponding SSF is
set.

Note: For multiple timer status interrupt enable, for example, two timer status enable,
can calculate the mask by using ((1 « timer index0) | (1 « timer index1))

Parameters
* base — FlexIO peripheral base address
» mask — The timer status mask which can be calculated by (1 « timer index)

static inline void FLEXIO_ DisableTimerStatusInterrupts(FLEXIO_Type *base, uint32_t mask)

Disables the timer status interrupt. The interrupt won’t generate when the corresponding
SSF is set.

Note: For multiple timer status interrupt enable, for example, two timer status enable,
can calculate the mask by using ((1 « timer index0) | (1 « timer index1))

Parameters
* base — FlexIO peripheral base address
» mask — The timer status mask which can be calculated by (1 « timer index)

static inline uint32_t FLEXIO_ GetShifterStatusFlags(FLEXIO_Type *base)
Gets the shifter status flags.

Parameters
* base — FlexIO peripheral base address

Returns
Shifter status flags

static inline void FLEXIO__ ClearShifterStatusFlags(FLEXIO_Type *base, uint32_t mask)
Clears the shifter status flags.

Note: For clearing multiple shifter status flags, for example, two shifter status flags, can
calculate the mask by using ((1 « shifter index0) | (1 « shifter index1))

Parameters
* base — FlexIO peripheral base address

» mask — The shifter status mask which can be calculated by (1 « shifter in-
dex)

static inline uint32_t FLEXIO_ GetShifterErrorFlags(FLEXIO_Type *base)
Gets the shifter error flags.

Parameters
* base — FlexIO peripheral base address

Returns
Shifter error flags
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static inline void FLEXIO_ ClearShifterErrorFlags(FLEXIO_Type *base, uint32_t mask)
Clears the shifter error flags.

Note: For clearing multiple shifter error flags, for example, two shifter error flags, can
calculate the mask by using ((1 « shifter index0) | (1 « shifter index1))

Parameters
* base — FlexIO peripheral base address
* mask — The shifter error mask which can be calculated by (1 « shifter index)

static inline uint32_t FLEXIO__ GetTimerStatusFlags(FLEXIO_Type *base)
Gets the timer status flags.

Parameters
* base — FlexIO peripheral base address

Returns
Timer status flags

static inline void FLEXIO_ ClearTimerStatusFlags(FLEXIO_Type *base, uint32_t mask)
Clears the timer status flags.

Note: For clearing multiple timer status flags, for example, two timer status flags, can
calculate the mask by using ((1 « timer index0) | (1 « timer index1))

Parameters
* base — FlexIO peripheral base address
» mask — The timer status mask which can be calculated by (1 « timer index)

static inline void FLEXIO_ EnableShifterStatusDMA (FLEXIO_Type *base, uint32_t mask, bool
enable)

Enables/disables the shifter status DMA. The DMA request generates when the correspond-
ing SSF is set.

Note: For multiple shifter status DMA enables, for example, calculate the mask by using
((1 « shifter index0) | (1 « shifter index1))

Parameters
* base — FlexIO peripheral base address

» mask — The shifter status mask which can be calculated by (1 « shifter in-
dex)

* enable — True to enable, false to disable.

uint32_t FLEXIO_ GetShifterBufferAddress(FLEXIO_Type *base, flexio_shifter_buffer_type_t type,
uint8_t index)

Gets the shifter buffer address for the DMA transfer usage.
Parameters
* base — FlexIO peripheral base address

* type — Shifter type of flexio_shifter_buffer_type_t
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* index — Shifter index

Returns
Corresponding shifter buffer index

status_t FLEXIO_ RegisterHandleIRQ(void *base, void *handle, flexio_isr._t isr)
Registers the handle and the interrupt handler for the FlexIO-simulated peripheral.

Parameters
* base — Pointer to the FlexIO simulated peripheral type.
* handle — Pointer to the handler for FlexIO simulated peripheral.
o isr — FlexIO simulated peripheral interrupt handler.
Return values
* kStatus_ Success — Successfully create the handle.
* kStatus_ OutOfRange — The FlexIO type/handle/ISR table out of range.

status_t FLEXIO_ UnregisterHandleIRQ(void *base)
Unregisters the handle and the interrupt handler for the FlexIO-simulated peripheral.

Parameters
* base — Pointer to the FlexIO simulated peripheral type.
Return values
* kStatus_ Success — Successfully create the handle.
* kStatus_ OutOfRange — The FlexIO type/handle/ISR table out of range.

FSL FLEXIO_ DRIVER VERSION
FlexIO driver version.

enum _ flexio_timer_ trigger polarity
Define time of timer trigger polarity.

Values:

enumerator kFLEXIO_ TimerTriggerPolarity ActiveHigh
Active high.

enumerator kFLEXIO_TimerTriggerPolarity ActiveLow
Active low.

enum _ flexio_ timer_ trigger source
Define type of timer trigger source.

Values:

enumerator kFLEXIO_ TimerTriggerSourceExternal
External trigger selected.

enumerator kFLEXIO_ TimerTriggerSourcelnternal
Internal trigger selected.

enum _flexio pin_ config
Define type of timer/shifter pin configuration.
Values:

enumerator kFLEXIO PinConfigOutputDisabled
Pin output disabled.
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enumerator kFLEXIO_PinConfigOpenDrainOrBidirection
Pin open drain or bidirectional output enable.

enumerator kFLEXIO__PinConfigBidirectionOutputData
Pin bidirectional output data.
enumerator kFLEXIO_PinConfigOutput
Pin output.
enum _ flexio_ pin_ polarity
Definition of pin polarity.
Values:
enumerator kFLEXIO_ PinActiveHigh
Active high.
enumerator kFLEXIO_ PinActiveLow
Active low.
enum _flexio timer mode
Define type of timer work mode.
Values:
enumerator kFLEXIO TimerModeDisabled
Timer Disabled.
enumerator kFLEXIO TimerModeDual8BitBaudBit
Dual 8-bit counters baud/bit mode.
enumerator kFLEXIO TimerModeDual8BitPWM
Dual 8-bit counters PWM mode.
enumerator kFLEXIO TimerModeSingle16Bit
Single 16-bit counter mode.
enumerator kFLEXIO TimerModeDual8BitPWMLow
Dual 8-bit counters PWM Low mode.
enum _ flexio timer output
Define type of timer initial output or timer reset condition.
Values:
enumerator kFLEXIO_TimerOutputOneNotAffectedByReset
Logic one when enabled and is not affected by timer reset.
enumerator kFLEXIO _TimerOutputZeroNotAffectedByReset
Logic zero when enabled and is not affected by timer reset.
enumerator kFLEXIO_TimerOutputOneAffectedByReset
Logic one when enabled and on timer reset.
enumerator kFLEXIO TimerOutputZeroAffectedByReset
Logic zero when enabled and on timer reset.
enum flexio timer decrement source
Define type of timer decrement.
Values:

enumerator kKFLEXIO_ TimerDecSrcOnFlexIOClockShift TimerOutput
Decrement counter on FlexIO clock, Shift clock equals Timer output.

2.12. FlexIO Driver 277



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

enumerator kFLEXIO_TimerDecSrcOnTriggerInputShift TimerOutput
Decrement counter on Trigger input (both edges), Shift clock equals Timer output.

enumerator kFLEXIO_TimerDecSrcOnPinInputShiftPinInput
Decrement counter on Pin input (both edges), Shift clock equals Pin input.

enumerator kFLEXIO_TimerDecSrcOnTriggerInputShift TriggerInput
Decrement counter on Trigger input (both edges), Shift clock equals Trigger input.

enum flexio timer reset condition
Define type of timer reset condition.

Values:

enumerator kFLEXIO TimerResetNever
Timer never reset.

enumerator kKFLEXIO_ TimerResetOnTimerPinEqualToTimerOutput
Timer reset on Timer Pin equal to Timer Output.

enumerator kFLEXIO_TimerResetOnTimerTriggerEqualToTimerOutput
Timer reset on Timer Trigger equal to Timer Output.

enumerator kFLEXIO_TimerResetOnTimerPinRisingEdge
Timer reset on Timer Pin rising edge.

enumerator kFLEXIO_TimerResetOnTimerTriggerRisingEdge
Timer reset on Trigger rising edge.

enumerator kFLEXIO_TimerResetOnTimerTriggerBothEdge
Timer reset on Trigger rising or falling edge.

enum _flexio timer disable condition

Define type of timer disable condition.

Values:

enumerator kFLEXIO TimerDisableNever
Timer never disabled.

enumerator kFLEXIO_ TimerDisableOnPreTimerDisable
Timer disabled on Timer N-1 disable.

enumerator kFLEXIO_ TimerDisableOnTimerCompare
Timer disabled on Timer compare.

enumerator kFLEXIO_ TimerDisableOnTimerCompareTriggerLow
Timer disabled on Timer compare and Trigger Low.

enumerator kFLEXIO_ TimerDisableOnPinBothEdge
Timer disabled on Pin rising or falling edge.

enumerator kFLEXIO_ TimerDisableOnPinBothEdgeTriggerHigh
Timer disabled on Pin rising or falling edge provided Trigger is high.

enumerator kFLEXIO_ TimerDisableOnTriggerFallingEdge
Timer disabled on Trigger falling edge.

enum flexio timer enable condition
Define type of timer enable condition.

Values:
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enumerator kFLEXIO_TimerEnabledAlways
Timer always enabled.

enumerator kFLEXIO TimerEnableOnPrevTimerEnable
Timer enabled on Timer N-1 enable.
enumerator kFLEXIO_TimerEnableOnTriggerHigh
Timer enabled on Trigger high.
enumerator kFLEXIO _TimerEnableOnTriggerHighPinHigh
Timer enabled on Trigger high and Pin high.
enumerator kFLEXIO_TimerEnableOnPinRisingEdge
Timer enabled on Pin rising edge.
enumerator kFLEXIO TimerEnableOnPinRisingEdgeTriggerHigh
Timer enabled on Pin rising edge and Trigger high.
enumerator kFLEXIO TimerEnableOnTriggerRisingEdge
Timer enabled on Trigger rising edge.
enumerator kFLEXIO TimerEnableOnTriggerBothEdge
Timer enabled on Trigger rising or falling edge.
enum _ flexio timer_stop_ bit_ condition
Define type of timer stop bit generate condition.
Values:
enumerator kKFLEXIO_ TimerStopBitDisabled
Stop bhit disabled.
enumerator KFLEXIO_ TimerStopBitEnableOnTimerCompare
Stop bit is enabled on timer compare.
enumerator kFLEXIO_ TimerStopBitEnableOnTimerDisable
Stop bit is enabled on timer disable.
enumerator kFLEXIO_ TimerStopBitEnableOnTimerCompareDisable
Stop bit is enabled on timer compare and timer disable.
enum flexio timer start bit condition
Define type of timer start bit generate condition.
Values:
enumerator kFLEXIO_TimerStartBitDisabled
Start bit disabled.
enumerator kFLEXIO_ TimerStartBitEnabled
Start bit enabled.
enum _ flexio timer_ output_ state
FlexIO as PWM channel output state.
Values:
enumerator kFLEXIO PwmLow
The output state of PWM channel is low

enumerator kFLEXIO_ PwmHigh
The output state of PWM channel is high
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enum _ flexio_ shifter timer_ polarity
Define type of timer polarity for shifter control.
Values:
enumerator kFLEXIO_ ShifterTimerPolarityOnPositive
Shift on positive edge of shift clock.
enumerator kFLEXIO _ShifterTimerPolarityOnNegitive
Shift on negative edge of shift clock.
enum _ flexio_shifter mode
Define type of shifter working mode.
Values:
enumerator kFLEXIO _ShifterDisabled
Shifter is disabled.
enumerator kFLEXIO _ShifterModeReceive
Receive mode.
enumerator kFLEXIO _ShifterModeTransmit
Transmit mode.
enumerator kFLEXIO _ShifterModeMatchStore
Match store mode.
enumerator kFLEXIO _ShifterModeMatchContinuous
Match continuous mode.
enum _ flexio_shifter input_ source
Define type of shifter input source.
Values:
enumerator kFLEXIO__ ShifterInputFromPin
Shifter input from pin.
enumerator kFLEXIO __ShifterInputFromNextShifterOutput
Shifter input from Shifter N+1.
enum _ flexio_ shifter stop_ bit
Define of STOP bit configuration.
Values:
enumerator kFLEXIO_ ShifterStopBitDisable
Disable shifter stop bit.
enumerator kFLEXIO__ ShifterStopBitLow
Set shifter stop bit to logic low level.
enumerator kFLEXIO_ ShifterStopBitHigh
Set shifter stop bit to logic high level.
enum flexio shifter start bit
Define type of START bit configuration.
Values:

enumerator kFLEXIO _ShifterStartBitDisabledLoadDataOnEnable
Disable shifter start bit, transmitter loads data on enable.
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enumerator kFLEXIO ShifterStartBitDisabledLoadDataOnShift
Disable shifter start bit, transmitter loads data on first shift.

enumerator kFLEXIO__ShifterStartBitLow
Set shifter start bit to logic low level.
enumerator kFLEXIO_ ShifterStartBitHigh
Set shifter start bit to logic high level.
enum _ flexio_ shifter buffer_type
Define FlexIO shifter buffer type.
Values:
enumerator kFLEXIO_ ShifterBuffer
Shifter Buffer N Register.
enumerator kFLEXIO_ ShifterBufferBitSwapped
Shifter Buffer N Bit Byte Swapped Register.
enumerator kFLEXIO__ShifterBufferByteSwapped
Shifter Buffer N Byte Swapped Register.
enumerator kFLEXIO__ShifterBufferBitByteSwapped
Shifter Buffer N Bit Swapped Register.
typedef enum _flexio_timer._trigger_polarity flexio_timer_ trigger polarity t
Define time of timer trigger polarity.
typedef enum _flexio_timer._trigger_source flexio_timer_trigger source_t
Define type of timer trigger source.
typedef enum _flexio_pin_config flexio_ pin_ config_t
Define type of timer/shifter pin configuration.
typedef enum _flexio_pin_polarity flexio_pin_ polarity_t
Definition of pin polarity.
typedef enum _flexio_timer_mode flexio_ timer mode_t
Define type of timer work mode.
typedef enum _flexio_timer_output flexio_timer_output_t
Define type of timer initial output or timer reset condition.
typedef enum _flexio_timer_decrement_source flexio__timer__decrement__source__t
Define type of timer decrement.
typedef enum _flexio_timer_reset_condition flexio_timer_reset__condition__t
Define type of timer reset condition.
typedef enum _flexio_timer._disable_condition flexio_timer_disable condition_ t
Define type of timer disable condition.
typedef enum _flexio_timer_enable_condition flexio_timer_enable_ condition_ t
Define type of timer enable condition.
typedef enum _flexio_timer._stop_bit_condition flexio_timer_stop_ bit_ condition_t
Define type of timer stop bit generate condition.
typedef enum _flexio_timer_start_bit_condition flexio_timer_ start_ bit_ condition_t
Define type of timer start bit generate condition.
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typedef enum _flexio_timer_output_state flexio_timer_output_ state_t
FlexIO as PWM channel output state.

typedef enum _flexio_shifter_timer_polarity flexio_ shifter_timer_ polarity_t
Define type of timer polarity for shifter control.

typedef enum _flexio_shifter_mode flexio_ shifter__mode_t
Define type of shifter working mode.

typedef enum _flexio_shifter_input_source flexio_ shifter _input_ source_t
Define type of shifter input source.

typedef enum _flexio_shifter_stop_bit flexio_ shifter stop_ bit_t
Define of STOP bit configuration.

typedef enum _flexio_shifter_start_bit flexio_ shifter start_bit_t
Define type of START bit configuration.

typedef enum _flexio_shifter_buffer_type flexio_ shifter_ buffer type_t
Define FlexIO shifter buffer type.

typedef struct _flexio_config flexio_ config t
Define FlexIO user configuration structure.

typedef struct _flexio_timer_config flexio_ timer_ config_t
Define FlexIO timer configuration structure.

typedef struct _flexio_shifter_config flexio_ shifter config t
Define FlexIO shifter configuration structure.

typedef void (*flexio_isr_ t)(void *base, void *handle)
typedef for FlexIO simulated driver interrupt handler.

FLEXIO_Type *const s_ flexioBases|]
Pointers to flexio bases for each instance.

const clock_ip_name_ts_flexioClocks[]
Pointers to flexio clocks for each instance.

FLEXIO_TIMER_TRIGGER_SEL_ PININPUT(X)
Calculate FlexIO timer trigger.

FLEXIO_TIMER_TRIGGER_SEL_SHIFTnSTAT(X)
FLEXIO_TIMER_TRIGGER_SEL_ TIMn(X)

struct _ flexio config
#include <fsl_flexio.h> Define FlexIO user configuration structure.

Public Members
bool enableFlexio
Enable/disable FlexIO module

bool enableInDoze
Enable/disable FlexIO operation in doze mode

bool enableInDebug
Enable/disable FlexIO operation in debug mode
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bool enableFast Access
Enable/disable fast access to FlexIO registers, fast access requires the FlexIO clock to
be at least twice the frequency of the bus clock.
struct _ flexio_timer config
#include <fsl_flexio.h> Define FlexIO timer configuration structure.

Public Members

uint32_t triggerSelect
The internal trigger selection number using MACROs.

flexio_timer_trigger_polarity_t triggerPolarity
Trigger Polarity.

flexio_timer_trigger_source_t triggerSource
Trigger Source, internal (see ‘trgsel’) or external.

flexio_pin_config_t pinConfig
Timer Pin Configuration.

uint32_t pinSelect
Timer Pin number Select.

flexio_pin_polarity_t pinPolarity
Timer Pin Polarity.

flexio_timer_mode_t timerMode
Timer work Mode.

flexio_timer_output_t timerOutput
Configures the initial state of the Timer Output and whether it is affected by the Timer
reset.

flexio_timer_decrement_source_t timerDecrement
Configures the source of the Timer decrement and the source of the Shift clock.

flexio_timer_reset_condition_t timerReset
Configures the condition that causes the timer counter (and optionally the timer out-
put) to be reset.

flexio_timer_disable_condition_t timerDisable
Configures the condition that causes the Timer to be disabled and stop decrementing.

flexio_timer_enable_condition_t timerEnable

Configures the condition that causes the Timer to be enabled and start decrementing.
flexio_timer_stop_bit_condition_t timerStop

Timer STOP Bit generation.
flexio_timer_start_bit_condition_t timerStart

Timer STRAT Bit generation.

uint32_t timerCompare
Value for Timer Compare N Register.

struct _ flexio_ shifter_config
#include <fsl_flexio.h> Define FlexIO shifter configuration structure.
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Public Members

uint32_t timerSelect

Selects which Timer is used for controlling the logic/shift register and generating the
Shift clock.

flexio_shifter_timer_polarity_t timerPolarity
Timer Polarity.
flexio_pin_config_t pinConfig
Shifter Pin Configuration.
uint32_t pinSelect
Shifter Pin number Select.
flexio_pin_polarity_t pinPolarity
Shifter Pin Polarity.
flexio_shifter_mode_t shifterMode
Configures the mode of the Shifter.
flexio_shifter_input_source_t inputSource
Selects the input source for the shifter.
flexio_shifter_stop_bit_t shifterStop
Shifter STOP hit.

flexio_shifter_start_bit_t shifterStart
Shifter START bit.

2.13 FlexIO eDMA 12S Driver

void FLEXIO 12S_ TransferTxCreateHandleEDMA (FLEXIO_I2S_Type *base,
flexio_i2s_edma_handle_t *handle,
flexio_i2s_edma_callback_t callback, void
*userData, edma_handle_t *dmaHandle)

Initializes the FlexIO I2S eDMA handle.

This function initializes the FlexIO I2S master DMA handle which can be used for other
FlexIO I2S master transactional APIs. Usually, for a specified FlexIO I2S instance, call this
API once to get the initialized handle.

Parameters
* base — FlexIO I2S peripheral base address.
* handle — FlexIO I2S eDMA handle pointer.
* callback — FlexIO I2S eDMA callback function called while finished a block.
* userData — User parameter for callback.

* dmaHandle — eDMA handle for FlexIO I2S. This handle is a static value allo-
cated by users.

void FLEXIO_12S_ TransferRxCreateHandleEDMA (FLEXIO_I2S_Type *base,
flexio_i2s_edma_handle_t *handle,
flexio_i2s_edma_callback_t callback, void
*userData, edma_handle_t *dmaHandle)

Initializes the FlexIO I2S Rx eDMA handle.
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This function initializes the FlexIO I2S slave DMA handle which can be used for other FlexIO
12S master transactional APIs. Usually, for a specified FlexIO I2S instance, call this API once
to get the initialized handle.

Parameters
* base — FlexIO I2S peripheral base address.
* handle — FlexIO I2S eDMA handle pointer.
* callback — FlexIO 12S eDMA callback function called while finished a block.
* userData — User parameter for callback.

* dmaHandle — eDMA handle for FlexIO I2S. This handle is a static value allo-
cated by users.

void FLEXIO_ 12S_TransferSetFormatEDMA (FLEXIO_I2S_Type *base, flexio_i2s_edma_handle_t
*handle, flexio_i2s_format_t *format, uint32_t
srcClock_Hz)

Configures the FlexIO I2S Tx audio format.

Audio format can be changed in run-time of FlexIO I2S. This function configures the sample
rate and audio data format to be transferred. This function also sets the eDMA parameter
according to format.

Parameters
* base — FlexIO I2S peripheral base address.
* handle — FlexIO I2S eDMA handle pointer
* format — Pointer to FlexIO I2S audio data format structure.

* srcClock_ Hz — FlexIO 12S clock source frequency in Hz, it should be 0 while
in slave mode.

status_t FLEXIO_12S_ TransferSendEDMA (FLEXIO_I2S_Type *base, flexio_i2s_edma_handle_t
*handle, flexio_i2s_transfer_t *xfer)

Performs a non-blocking FlexIO I2S transfer using DMA.

Note: This interface returned immediately after transfer initiates. Users should call
FLEXIO_I2S_GetTransferStatus to poll the transfer status and check whether the FlexIO 12S
transfer is finished.

Parameters
* base — FlexIO I2S peripheral base address.
* handle — FlexIO I2S DMA handle pointer.
» xfer — Pointer to DMA transfer structure.
Return values
* kStatus_ Success — Start a FlexIO 12S eDMA send successfully.
* kStatus_InvalidArgument — The input arguments is invalid.
* kStatus_ TxBusy — FlexIO I2S is busy sending data.

status_t FLEXIO_ 12S_ TransferReceiveEDMA (FLEXIO_I2S_Type *base, flexio_i2s_edma_handle_t
*handle, flexio_i2s_transfer._t *xfer)

Performs a non-blocking FlexIO I2S receive using eDMA.
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Note: This interface returned immediately after transfer initiates. Users should call
FLEXIO_I2S_GetReceiveRemainingBytes to poll the transfer status and check whether the

FlexIO 12S transfer is finished.

Parameters
* base — FlexIO I2S peripheral base address.

* handle — FlexIO I2S DMA handle pointer.
» xfer — Pointer to DMA transfer structure.

Return values
* kStatus_ Success — Start a FlexIO 12S eDMA receive successfully.

* kStatus_InvalidArgument — The input arguments is invalid.
* kStatus_ RxBusy — FlexIO I2S is busy receiving data.

void FLEXIO 12S_ TransferAbortSendEDMA (FLEXIO_I2S_Type *base, flexio_i2s_edma_handle_t
*handle)

Aborts a FlexIO I2S transfer using eDMA.
Parameters
* base — FlexIO I2S peripheral base address.
* handle — FlexIO I2S DMA handle pointer.

void FLEXIO_12S_ TransferAbortReceiveEDMA (FLEXIO_I2S_Type *base,
flexio_i2s_edma_handle_t *handle)

Aborts a FlexIO I2S receive using eDMA.
Parameters
* base — FlexIO I2S peripheral base address.
* handle — FlexIO I2S DMA handle pointer.

status_t FLEXIO_12S_ TransferGetSendCountEDMA (FLEXIO_I2S_Type *base,
flexio_i2s_edma_handle_t *handle, size_t

*count)

Gets the remaining bytes to be sent.
Parameters
* base — FlexIO I2S peripheral base address.
* handle — FlexIO I2S DMA handle pointer.
* count — Bytes sent.
Return values
* kStatus_ Success — Succeed get the transfer count.
* kStatus_ NoTransferInProgress — There is not a non-blocking transaction cur-

rently in progress.

status_t FLEXIO_ 12S_ TransferGetReceiveCountEDMA (FLEXIO_I2S_Type *base,
flexio_i2s_edma_handle_t *handle, size_t

*count)

Get the remaining bytes to be received.

Parameters
* base — FlexIO I2S peripheral base address.
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* handle — FlexIO I2S DMA handle pointer.
* count — Bytes received.
Return values
* kStatus_ Success — Succeed get the transfer count.

* kStatus_ NoTransferInProgress — There is not a non-blocking transaction cur-
rently in progress.

FSL_ FLEXIO 12S EDMA_ DRIVER VERSION
FlexIO I2S EDMA driver version 2.1.9.
typedef struct _flexio_i2s_edma_handle flexio_i2s_edma_handle_t
typedef void (*flexio_i2s_edma_ callback t)(FLEXIO_I2S_Type *base, flexio_i2s_edma_handle_t
*handle, status_t status, void *userData)
FlexIO I2S eDMA transfer callback function for finish and error.

struct _flexio i2s edma_ handle

#include <fsl_flexio_i2s_edma.h> FlexIO I2S DMA transfer handle, users should not touch the
content of the handle.

Public Members
edma_handle_t *dmaHandle
DMA handler for FlexIO I12S send
uint8_t bytesPerFrame
Bytesin a frame
uint8_t nbytes
eDMA minor byte transfer count initially configured.
uint32_t state
Internal state for FlexIO I12S eDMA transfer

flexio_i2s_edma_callback_t callback
Callback for users while transfer finish or error occurred
void *userData
User callback parameter
edma_tcd_t tcd[(4U) + 1U]
TCD pool for eDMA transfer.
flexio_i2s_transfer_t queue[(4U)]
Transfer queue storing queued transfer.
size_t transferSize[(4U)]
Data bytes need to transfer
volatile uint8_t queueUser
Index for user to queue transfer.
volatile uint8_t queueDriver
Index for driver to get the transfer data and size
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2.14 FlexIO eDMA SPI Driver

status_t FLEXIO_SPI_MasterTransferCreateHandleEDMA (FLEXIO_SPI_Type *base,
flexio_spi_master_edma_handle_t
*handle,
flexio_spi_master_edma_transfer_callback_t
callback, void *userData,
edma_handle_t *txHandle,
edma_handle_t *rxHandle)

Initializes the FlexIO SPI master eDMA handle.

This function initializes the FlexIO SPI master eDMA handle which can be used for other
FlexIO SPI master transactional APIs. For a specified FlexIO SPI instance, call this API once
to get the initialized handle.

Parameters
* base — Pointer to FLEXIO_SPI_Type structure.

* handle — Pointer to flexio_spi_master_edma_handle_t structure to store the
transfer state.

¢ callback — SPI callback, NULL means no callback.

* userData — callback function parameter.

* txHandle — User requested eDMA handle for FlexIO SPI RX eDMA transfer.

¢ rxHandle — User requested eDMA handle for FlexIO SPI TX eDMA transfer.
Return values

* kStatus_ Success — Successfully create the handle.

* kStatus_ OutOfRange—The FlexIO SPI eDMA type/handle table out of range.

status_t FLEXIO_ SPI_MasterTransferEDMA (FLEXIO_SPI_Type *base,
flexio_spi_master_edma_handle_t *handle,
flexio_spi_transfer_t *xfer)

Performs a non-blocking FlexIO SPI transfer using eDMA.

Note: This interface returns immediately after transfer initiates. Call
FLEXIO_SPI_MasterGetTransferCountEDMA to poll the transfer status and check whether
the FlexIO SPI transfer is finished.

Parameters
* base — Pointer to FLEXIO_SPI_Type structure.

* handle — Pointer to flexio_spi_master_edma_handle_t structure to store the
transfer state.

* xfer — Pointer to FlexIO SPI transfer structure.
Return values

* kStatus_ Success — Successfully start a transfer.

* kStatus_ InvalidArgument — Input argument is invalid.

* kStatus_ FLEXIO_SPI_Busy — FlexIO SPI is not idle, is running another
transfer.
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void FLEXIO_SPI_ MasterTransferAbortEDMA (FLEXIO_SPI_Type *base,
flexio_spi_master_edma_handle_t *handle)

Aborts a FlexIO SPI transfer using eDMA.
Parameters
* base — Pointer to FLEXIO_SPI_Type structure.
* handle — FlexIO SPI eDMA handle pointer.

status_t FLEXIO_ SPI_MasterTransferGetCountEDMA (FLEXIO_SPI_Type *base,
flexio_spi_master_edma_handle_t *handle,
size_t *count)

Gets the number of bytes transferred so far using FlexIO SPI master eDMA.
Parameters
* base — Pointer to FLEXIO_SPI_Type structure.
* handle — FlexIO SPI eDMA handle pointer.
* count— Number of bytes transferred so far by the non-blocking transaction.

static inline void FLEXIO_SPI_ SlaveTransferCreateHandleEDMA (FLEXIO_SPI Type *base,
flexio_spi_slave_edma_handle_t
*handle,
flexio_spi_slave_edma_transfer_callback_t
callback, void *userData,
edma_handle_t *txHandle,
edma_handle_t *rxHandle)

Initializes the FlexIO SPI slave eDMA handle.
This function initializes the FlexIO SPI slave eDMA handle.
Parameters
* base — Pointer to FLEXIO_SPI_Type structure.

* handle — Pointer to flexio_spi_slave_edma_handle_t structure to store the
transfer state.

* callback — SPI callback, NULL means no callback.

* userData — callback function parameter.

¢ txHandle — User requested eDMA handle for FlexIO SPI TX eDMA transfer.
* rxHandle — User requested eDMA handle for FlexIO SPI RX eDMA transfer.

status_t FLEXIO_ SPI_ SlaveTransferEDMA (FLEXIO_SPI Type *base,
flexio_spi_slave_edma_handle_t *handle,
flexio_spi_transfer._t *xfer)

Performs a non-blocking FlexIO SPI transfer using eDMA.

Note: This interface returns immediately after transfer initiates. Call
FLEXIO_SPI_SlaveGetTransferCountEDMA to poll the transfer status and check whether
the FlexIO SPI transfer is finished.

Parameters
* base — Pointer to FLEXIO_SPI_Type structure.

* handle — Pointer to flexio_spi_slave_edma_handle_t structure to store the
transfer state.

» xfer — Pointer to FlexIO SPI transfer structure.

2.14. FlexIO eDMA SPI Driver 289



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

Return values
* kStatus_ Success — Successfully start a transfer.
* kStatus_ InvalidArgument — Input argument is invalid.

* kStatus_ FLEXIO_SPI_Busy — FlexIO SPI is not idle, is running another
transfer.

static inline void FLEXIO SPI_SlaveTransferAbortEDMA (FLEXIO_SPI_Type *base,
flexio_spi_slave_edma_handle_t
*handle)

Aborts a FlexIO SPI transfer using eDMA.
Parameters
* base — Pointer to FLEXIO_SPI_Type structure.

* handle — Pointer to flexio_spi_slave_edma_handle_t structure to store the
transfer state.

static inline status_t FLEXIO_SPI_SlaveTransferGetCountEDMA (FLEXIO_SPI Type *base,
flexio_spi_slave_edma_handle_t
*handle, size_t *count)

Gets the number of bytes transferred so far using FlexIO SPI slave eDMA.
Parameters
* base — Pointer to FLEXIO_SPI_Type structure.
* handle — FlexIO SPI eDMA handle pointer.
* count—Number of bytes transferred so far by the non-blocking transaction.
FSL_FLEXIO_SPI_EDMA_DRIVER_ VERSION
FlexIO SPI EDMA driver version.
typedef struct _flexio_spi_master_edma_handle flexio_spi_master _edma_handle_t
typedef for flexio_spi_master_edma_handle_t in advance.
typedef flexio_spi master_edma_handle_t flexio_spi_slave_edma_handle_t
Slave handle is the same with master handle.

typedef void (*flexio_spi_ master__edma_ transfer_ callback_t)(FLEXIO_SPI Type *base,
flexio_spi_master_edma_handle_t *handle, status_t status, void *userData)

FlexIO SPI master callback for finished transmit.

typedef void (*flexio_spi_slave_edma__transfer__callback_t)(FLEXIO_SPI Type *base,
flexio_spi_slave_edma_handle_t *handle, status_t status, void *userData)

FlexIO SPI slave callback for finished transmit.

struct _flexio_spi_master _edma_ handle

#include <fsl flexio_spi_edma.h> FlexIO SPI eDMA transfer handle, users should not touch
the content of the handle.

Public Members

size_t transferSize
Total bytes to be transferred.

uint8_t nbytes
eDMA minor byte transfer count initially configured.
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bool txInProgress
Send transfer in progress

bool rxInProgress
Receive transfer in progress

edma_handle_t *txHandle
DMA handler for SPI send

edma_handle_t *rxHandle
DMA handler for SPI receive

flexio_spi_master_edma_transfer_callback _t callback
Callback for SPI DMA transfer

void *userData
User Data for SPI DMA callback

2.15 FlexIO eDMA UART Driver

status_t FLEXIO_UART _TransferCreateHandleEDMA (FLEXIO_UART_Type *base,
flexio_uart_edma_handle_t *handle,
flexio_uart_edma_transfer_callback_t
callback, void *userData, edma_handle_t
*txEdmaHandle, edma_handle_t
*rxEdmaHandle)

Initializes the UART handle which is used in transactional functions.

Parameters

* base — Pointer to FLEXIO_UART Type.

* handle — Pointer to flexio_uart_edma_handle_t structure.

* callback — The callback function.

¢ userData — The parameter of the callback function.

* rxEdmaHandle — User requested DMA handle for RX DMA transfer.

* txEdmaHandle — User requested DMA handle for TX DMA transfer.
Return values

* kStatus_ Success — Successfully create the handle.

* kStatus_ OutOfRange — The FlexIO SPI eDMA type/handle table out of range.

status_t FLEXIO_UART_ TransferSendEDMA (FLEXIO_UART_Type *base,
flexio_uart_edma_handle_t *handle,
flexio_uart_transfer_t *xfer)

Sends data using eDMA.

This function sends data using eDMA. This is a non-blocking function, which returns right
away. When all data is sent out, the send callback function is called.

Parameters
* base — Pointer to FLEXIO_UART _Type
* handle — UART handle pointer.
» xfer — UART eDMA transfer structure, see flexio_uart_transfer t.

Return values
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» kStatus Success — if succeed, others failed.
* kStatus_ FLEXIO_UART_TxBusy — Previous transfer on going.

status_t FLEXIO_UART _TransferReceiveEDMA (FLEXIO_UART_Type *base,
flexio_uart_edma_handle_t *handle,
flexio_uart_transfer_t *xfer)

Receives data using eDMA.

This function receives data using eDMA. This is a non-blocking function, which returns
right away. When all data is received, the receive callback function is called.

Parameters

* base — Pointer to FLEXIO_UART _Type

* handle — Pointer to flexio_uart_edma_handle_t structure

» xfer —- UART eDMA transfer structure, see flexio_uart_transfer_t.
Return values

* kStatus Success — if succeed, others failed.

» kStatus. UART RxBusy — Previous transfer on going.

void FLEXIO_UART_ TransferAbortSendEDMA (FLEXIO_UART _Type *base,
flexio_uart_edma_handle_t *handle)

Aborts the sent data which using eDMA.
This function aborts sent data which using eDMA.
Parameters
* base — Pointer to FLEXIO_UART _Type
* handle — Pointer to flexio_uart_edma_handle_t structure

void FLEXIO_UART_ TransferAbortReceiveEDMA (FLEXIO_UART _Type *base,
flexio_uart_edma_handle_t *handle)

Aborts the receive data which using eDMA.
This function aborts the receive data which using eDMA.
Parameters
* base — Pointer to FLEXIO_UART _Type
* handle — Pointer to flexio_uart_edma_handle_t structure

status_t FLEXIO_UART TransferGetSendCountEDMA (FLEXIO_UART_Type *base,
flexio_uart_edma_handle_t *handle,
size_t *count)

Gets the number of bytes sent out.
This function gets the number of bytes sent out.
Parameters
* base — Pointer to FLEXIO_UART _Type
* handle — Pointer to flexio_uart_edma_handle_t structure
* count — Number of bytes sent so far by the non-blocking transaction.
Return values

* kStatus_ NoTransferInProgress — transfer has finished or no transfer in
progress.

* kStatus_Success — Successfully return the count.
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status_t FLEXIO_UART_ TransferGetReceiveCountEDMA (FLEXIO_UART _Type *base,
flexio_uart_edma_handle_t *handle,
size_t *count)

Gets the number of bytes received.
This function gets the number of bytes received.
Parameters
* base — Pointer to FLEXIO_UART _Type
* handle — Pointer to flexio_uart_edma_handle_t structure
* count — Number of bytes received so far by the non-blocking transaction.
Return values

* kStatus_ NoTransferInProgress — transfer has finished or no transfer in
progress.

* kStatus_ Success — Successfully return the count.

FSL FLEXIO_ UART EDMA_ DRIVER_ VERSION
FlexIO UART EDMA driver version.

typedef struct _flexio_uart_edma_handle flexio_uart__edma_ handle_t

typedef void (*flexio_uart__edma_ transfer_callback t)(FLEXIO_UART Type *base,
flexio_uart_edma_handle_t *handle, status_t status, void *userData)

UART transfer callback function.
struct flexio uart edma handle

#include <fsl_flexio_uart_edma.h> UART eDMA handle.

Public Members
flexio_uart_edma_transfer_callback_t callback

Callback function.
void *userData

UART callback function parameter.
size t txDataSizeAll

Total bytes to be sent.
size t rxDataSizeAll

Total bytes to be received.
edma_handle_t *txEdmaHandle

The eDMA TX channel used.
edma_handle_t *rxEdmaHandle

The eDMA RX channel used.
uint8_t nbytes

eDMA minor byte transfer count initially configured.

volatile uint8_t txState
TX transfer state.

volatile uint8_t rxState
RX transfer state
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2.16 FlexIO I2C Master Driver

status_t FLEXIO_I12C_MasterInit(FLEXIO_I2C_Type *base, flexio_i2c_master_config t
*masterConfig, uint32_t srcClock_Hz)

Ungates the FlexIO clock, resets the FlexIO module, and configures the FlexIO I2C hardware
configuration.
Example

FLEXIO_I12C_Type base = {
flexioBase = FLEXIO,
.SDAPinIndex = 0,
.SCLPinIndex = 1,
.shifterIndex = {0,1},
timerIndex = {0,1}

};
flexio_i2c__master__config_t config = {
.enableInDoze = false,
.enableInDebug = true,
.enableFastAccess = false,
.baudRate_ Bps = 100000

4
FLEXIO_ 12C_ MasterInit(base, &config, srcClock_ Hz);

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.
* masterConfig — Pointer to flexio_i2c_master_config_t structure.
» srcClock Hz - FlexIO source clock in Hz.
Return values
* kStatus_ Success — Initialization successful
* kStatus_ Invalid Argument — The source clock exceed upper range limitation
void FLEXIO_12C_ MasterDeinit(FLEXIO_I2C_Type *base)

De-initializes the FlexIO I2C master peripheral. Calling this API Resets the FlexIO I2C master
shifer and timer config, module can’t work unless the FLEXIO_I2C_MasterlInit is called.

Parameters
* base — pointer to FLEXIO_I2C_Type structure.

void FLEXIO_ 12C_ MasterGetDefaultConfig(flexio_i2c_master_config_t *masterConfig)
Gets the default configuration to configure the FlexIO module. The configuration can be
used directly for calling the FLEXIO_I2C_MasterInit().

Example:

flexio_i2c__master__config t config;
FLEXIO_I2C_ MasterGetDefaultConfig(&config);

Parameters
* masterConfig — Pointer to flexio_i2c_master_config_t structure.
static inline void FLEXIO_I2C MasterEnable(FLEXIO_I2C_Type *base, bool enable)
Enables/disables the FlexIO module operation.
Parameters
* base — Pointer to FLEXIO_I2C_Type structure.
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* enable — Pass true to enable module, false does not have any effect.

uint32_t FLEXIO_I2C_MasterGetStatusFlags(FLEXIO_I2C_Type *base)
Gets the FlexIO I2C master status flags.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure

Returns
Status flag, use status flag to AND _flexio_i2c_master_status_flags can get the

related status.

void FLEXIO_ 12C_ MasterClearStatusFlags(FLEXIO_I2C_Type *base, uint32_t mask)
Clears the FlexIO I2C master status flags.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.

* mask — Status flag. The parameter can be any combination of the following
values:

— KFLEXIO_I2C_RxFullFlag
— KFLEXIO_I2C_ReceiveNakFlag

void FLEXIO_I12C_ MasterEnableInterrupts(FLEXIO_I2C_Type *base, uint32_t mask)
Enables the FlexIO i2c master interrupt requests.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.
* mask — Interrupt source. Currently only one interrupt request source:
— KFLEXIO_I2C_TransferCompleteInterruptEnable

void FLEXIO_I2C_ MasterDisableInterrupts(FLEXIO_I2C_Type *base, uint32_t mask)
Disables the FlexIO I2C master interrupt requests.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.
* mask — Interrupt source.

void FLEXIO_I2C_ MasterSetBaudRate(FLEXIO_I2ZC_Type *base, uint32_t baudRate_Bps,
uint32_t srcClock_Hz)

Sets the FlexIO I2C master transfer baudrate.
Parameters
* base — Pointer to FLEXIO_I2C_Type structure
* baudRate_ Bps — the baud rate value in HZ
* srcClock__Hz — source clock in HZ

void FLEXIO_ I12C_ MasterStart(FLEXIO_I2C_Type *base, uint8_t address, flexio_i2c_direction_t
direction)

Sends START + 7-bit address to the bus.

Note: This API should be called when the transfer configuration is ready to send a START
signal and 7-bit address to the bus. This is a non-blocking API, which returns directly after
the address is put into the data register but the address transfer is not finished on the bus.
Ensure that the KFLEXIO_I2C_RxFullFlag status is asserted before calling this API.
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Parameters
* base — Pointer to FLEXIO_I2C_Type structure.
* address — 7-bit address.

* direction — transfer direction. This parameter is one of the values in
flexio_i2c_direction_t:

— KFLEXIO_I2C_Write: Transmit
— KFLEXIO_I2C_Read: Receive

void FLEXIO_ 12C_MasterStop(FLEXIO_I2C Type *base)
Sends the stop signal on the bus.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.

void FLEXIO 12C_ MasterRepeatedStart(FLEXIO_I2C_Type *base)
Sends the repeated start signal on the bus.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.

void FLEXIO_I12C_ MasterAbortStop(FLEXIO_I2C_Type *base)
Sends the stop signal when transfer is still on-going.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.

void FLEXIO 12C_ MasterEnableAck(FLEXIO_I2C_Type *base, bool enable)
Configures the sent ACK/NAK for the following byte.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.
* enable — True to configure send ACK, false configure to send NAK.

status_t FLEXIO_I12C_ MasterSetTransferCount(FLEXIO_I2C_Type *base, uint16_t count)
Sets the number of bytes to be transferred from a start signal to a stop signal.

Note: Call this API before a transfer begins because the timer generates a number of clocks
according to the number of bytes that need to be transferred.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.

* count — Number of bytes need to be transferred from a start signal to a
re-start/stop signal

Return values
* kStatus_ Success — Successfully configured the count.
* kStatus_ InvalidArgument — Input argument is invalid.

static inline void FLEXIO_I2C_MasterWriteByte(FLEXIO_I2C_Type *base, uint32_t data)
Writes one byte of data to the I2C bus.
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Note: This is a non-blocking API, which returns directly after the data is put into the data
register but the data transfer is not finished on the bus. Ensure that the TxEmptyFlag is

asserted before calling this APIL.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.
* data — a byte of data.
static inline uint8_t FLEXIO I2C MasterReadByte(FLEXIO_I2C Type *base)
Reads one byte of data from the I12C bus.

Note: This is a non-blocking API, which returns directly after the data is read from the
data register. Ensure that the data is ready in the register.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.

Returns
data byte read.

status_t FLEXIO_I12C_ MasterWriteBlocking(FLEXIO_I2C_Type *base, const uint8_t *txBuff,
uint8_t txSize)

Sends a buffer of data in bytes.

Note: This function blocks via polling until all bytes have been sent.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.

* txBuff — The data bytes to send.

* txSize — The number of data bytes to send.

Return values
* kStatus_ Success — Successfully write data.
* kStatus_ FLEXIO_I2C_ Nak — Receive NAK during writing data.
* kStatus_ FLEXIO_I12C_ Timeout — Timeout polling status flags.

status_t FLEXIO_12C_ MasterReadBlocking(FLEXIO_I2C_Type *bhase, uint8_t *rxBuff, uint8_t
rxSize)

Receives a buffer of bytes.

Note: This function blocks via polling until all bytes have been received.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure.

 rxBuff — The buffer to store the received bytes.

* rxSize — The number of data bytes to be received.

Return values
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* kStatus_ Success — Successfully read data.
* kStatus_ FLEXIO_I2C_ Timeout — Timeout polling status flags.

status_t FLEXIO_I2C_MasterTransferBlocking(FLEXIO_I2C_Type *base,
flexio_i2c_master_transfer_t *xfer)

Performs a master polling transfer on the I2C bus.

Note: The API does not return until the transfer succeeds or fails due to receiving NAK.

Parameters
* base — pointer to FLEXIO_I2C_Type structure.
* xfer — pointer to flexio_i2c_master_transfer_t structure.

Returns
status of status_t.

status_t FLEXIO_12C_ MasterTransferCreateHandle(FLEXIO_I2C_Type *base,
flexio_i2c_master_handle_t *handle,
flexio_i2c_master_transfer_callback t
callback, void *userData)

Initializes the I2C handle which is used in transactional functions.
Parameters
* base — Pointer to FLEXIO_I2C_Type structure.

* handle — Pointer to flexio_i2c_master_handle_t structure to store the trans-
fer state.

* callback — Pointer to user callback function.
* userData — User param passed to the callback function.
Return values
* kStatus_ Success — Successfully create the handle.
* kStatus_ OutOfRange — The FlexIO type/handle/isr table out of range.

status_t FLEXIO_I2C_ MasterTransferNonBlocking(FLEXIO_I2C_Type *base,
flexio_i2c_master_handle_t *handle,
flexio_i2c_master_transfer_t *xfer)

Performs a master interrupt non-blocking transfer on the I2C bus.

Note: The API returns immediately after the transfer initiates. Call
FLEXIO_I2C_MasterTransferGetCount to poll the transfer status to check whether the
transfer is finished. If the return status is not kStatus_FLEXIO_I2C_Busy, the transfer is
finished.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure

* handle — Pointer to flexio_i2c_master_handle_t structure which stores the
transfer state

* xfer — pointer to flexio_i2c_master_transfer_t structure
Return values

* kStatus_ Success — Successfully start a transfer.
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* kStatus_ FLEXIO_I12C_Busy — FlexIO I2C is not idle, is running another
transfer.

status_t FLEXIO_I12C_MasterTransferGetCount(FLEXIO_I2C_Type *base,
flexio_i2c_master_handle_t *handle, size_t
*count)

Gets the master transfer status during a interrupt non-blocking transfer.
Parameters
* base — Pointer to FLEXIO_I2C_Type structure.

* handle — Pointer to flexio_i2c_master_handle_t structure which stores the
transfer state.

* count— Number of bytes transferred so far by the non-blocking transaction.
Return values
* kStatus_InvalidArgument — count is Invalid.

* kStatus_ NoTransferInProgress— There is not a non-blocking transaction cur-
rently in progress.

* kStatus_ Success — Successfully return the count.

void FLEXIO I2C_ MasterTransferAbort(FLEXIO_I2C_Type *base, flexio_i2¢_master_handle_t
*handle)

Aborts an interrupt non-blocking transfer early.

Note: This API can be called at any time when an interrupt non-blocking transfer initiates

to abort the transfer early.

Parameters
* base — Pointer to FLEXIO_I2C_Type structure

* handle — Pointer to flexio_i2c_master_handle_t structure which stores the
transfer state

void FLEXIO_I2C MasterTransferHandleIRQ(void *12cType, void *i2cHandle)
Master interrupt handler.

Parameters
* i2c¢Type — Pointer to FLEXIO_I2C_Type structure
* i2cHandle — Pointer to flexio_i2c_master_transfer_t structure
FSL_FLEXIO_ 12C_MASTER_DRIVER_VERSION

FlexIO I2C transfer status.

Values:

enumerator kStatus_ FLEXIO_I12C_ Busy
I2C is busy doing transfer.

enumerator kStatus_ FLEXIO_12C_ Idle
I2C is busy doing transfer.

enumerator kStatus_ FLEXIO_I2C_ Nak
NAK received during transfer.
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enumerator kStatus_ FLEXIO_I2C_ Timeout
Timeout polling status flags.

enum _ flexio_i2c_master_ interrupt
Define FlexIO I2C master interrupt mask.
Values:
enumerator kFLEXIO 12C_TxEmptylnterruptEnable
Tx buffer empty interrupt enable.
enumerator kFLEXIO_12C_RxFulllnterruptEnable
Rx buffer full interrupt enable.
enum _ flexio_i2c_master_status_ flags
Define FlexIO I2C master status mask.
Values:
enumerator kFLEXIO 12C_TxEmptyFlag
Tx shifter empty flag.
enumerator kFLEXIO_I12C_RxFullFlag
Rx shifter full/Transfer complete flag.
enumerator kKFLEXIO_I2C_ ReceiveNakFlag
Receive NAK flag.
enum flexio i2c¢_ direction
Direction of master transfer.
Values:
enumerator kFLEXIO_12C_ Write
Master send to slave.
enumerator kFLEXIO_I12C_ Read
Master receive from slave.
typedef enum _flexio_i2c_direction flexio_i2c_ direction_t
Direction of master transfer.
typedef struct _flexio_i2c_type FLEXIO_I2C_Type
Define FlexIO I2C master access structure typedef.
typedef struct _flexio_i2c_master_config flexio_i2c_ master__config_t
Define FlexIO I2C master user configuration structure.
typedef struct _flexio_i2c_master_transfer flexio_i2c_ master__transfer_t
Define FlexIO I2C master transfer structure.
typedef struct _flexio_i2c_master_handle flexio_i2c_ master_handle_t
FlexIO I2C master handle typedef.

typedef void (*flexio_i2c_master transfer callback t)(FLEXIO_I2C_Type *base,
flexio_i2c_master_handle_t *handle, status_t status, void *userData)

FlexIO I2C master transfer callback typedef.
12C_RETRY_TIMES
Retry times for waiting flag.
struct _ flexio_i2c_ type
#include <fsl_flexio_i2c_master.h> Define FlexIO I2C master access structure typedef.
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Public Members
FLEXIO_Type *flexioBase
FlexIO base pointer.

uint8_t SDAPinIndex
Pin select for I12C SDA.

uint8_t SCLPinIndex
Pin select for 12C SCL.

uint8_t shifterIndex[2]
Shifter index used in FlexIO I2C.

uint8_t timerIndex[3]
Timer index used in FlexIO I2C.

uint32_t baudrate
Master transfer baudrate, used to calculate delay time.

struct _ flexio_i2c_master_config
#include <fsl_flexio_i2c_master.h> Define FlexIO I2C master user configuration structure.

Public Members
bool enableMaster
Enables the FlexIO I2C peripheral at initialization time.

bool enableInDoze
Enable/disable FlexIO operation in doze mode.

bool enableInDebug
Enable/disable FlexIO operation in debug mode.

bool enableFastAccess

Enable/disable fast access to FlexIO registers, fast access requires the FlexIO clock to
be at least twice the frequency of the bus clock.

uint32_t baudRate_Bps
Baud rate in Bps.

struct flexio i2c¢ master transfer
#include <fsl_flexio_i2c_master.h> Define FlexIO I2C master transfer structure.

Public Members
uint32_t flags
Transfer flag which controls the transfer, reserved for FlexIO I2C.

uint8_t slaveAddress

7-bit slave address.
flexio_i2c_direction_t direction

Transfer direction, read or write.
uint32_t subaddress

Sub address. Transferred MSB first.

uint8_t subaddressSize
Size of sub address.
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uint8_t volatile *data
Transfer buffer.

volatile size_t dataSize
Transfer size.

struct flexio i2c¢ master handle
#include <fsl_flexio_i2c_master.h> Define FlexIO I2C master handle structure.

Public Members
flexio_i2c_master_transfer._t transfer
FlexIO I2C master transfer copy.

size_t transferSize
Total bytes to be transferred.
uint8_t state
Transfer state maintained during transfer.

flexio_i2c_master_transfer_callback_t completionCallback
Callback function called at transfer event. Callback function called at transfer event.

void *userData
Callback parameter passed to callback function.

bool needRestart
Whether master needs to send re-start signal.

2.17 FlexIO I2S Driver

void FLEXIO_12S_ Init(FLEXIO_I2S_Type *base, const flexio_i2s_config_t *config)
Initializes the FlexIO I2S.
This API configures FlexIO pins and shifter to I12S and configures the FlexIO 12S with a con-

figuration structure. The configuration structure can be filled by the user, or be set with
default values by FLEXIO_I2S_GetDefaultConfig().

Note: This API should be called at the beginning of the application to use the FlexIO 12§
driver. Otherwise, any access to the FlexIO I12S module can cause hard fault because the
clock is not enabled.

Parameters
* base — FlexIO I2S base pointer
* config — FlexIO I2S configure structure.

void FLEXIO_12S_ GetDefaultConfig(flexio_i2s_config_t *config)
Sets the FlexIO I2S configuration structure to default values.

The purpose of this API is to get the configuration structure initialized for use in
FLEXIO_I2S_Init(). Users may use the initialized structure unchanged in FLEXIO_I2S_Init()
or modify some fields of the structure before calling FLEXIO_I2S_Init().

Parameters

* config — pointer to master configuration structure
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void FLEXIO_12S_ Deinit(FLEXIO_I2S_Type *base)
De-initializes the FlexIO I2S.

Calling this API resets the FlexIO 12S shifter and timer config. After calling this API, call the
FLEXO_I2S_Init to use the FlexIO I2S module.

Parameters
* base — FlexIO I2S base pointer

static inline void FLEXIO_12S_ Enable(FLEXIO_I2S_Type *base, bool enable)
Enables/disables the FlexIO I2S module operation.

Parameters
* base — Pointer to FLEXIO_I2S_Type
* enable — True to enable, false dose not have any effect.

uint32_t FLEXIO_12S GetStatusFlags(FLEXIO_I2S_Type *base)
Gets the FlexIO I2S status flags.

Parameters
* base — Pointer to FLEXIO_I2S_Type structure

Returns
Status flag, which are ORed by the enumerators in the _flexio_i2s_status_flags.

void FLEXIO_12S_ EnableInterrupts(FLEXIO_I2S_Type *base, uint32_t mask)
Enables the FlexIO I2S interrupt.

This function enables the FlexIO UART interrupt.
Parameters
* base — Pointer to FLEXIO_I2S_Type structure
* mask — interrupt source

void FLEXIO_12S_ DisableInterrupts(FLEXIO_I2S_Type *base, uint32_t mask)
Disables the FlexIO I2S interrupt.

This function enables the FlexIO UART interrupt.
Parameters
* base — pointer to FLEXIO_I2S_Type structure
* mask — interrupt source

static inline void FLEXIO_12S_ TxEnableDMA (FLEXIO_I2S_Type *base, bool enable)
Enables/disables the FlexIO I2S Tx DMA requests.

Parameters
* base — FlexIO I2S base pointer
* enable — True means enable DMA, false means disable DMA.

static inline void FLEXIO_12S_ RxEnableDMA (FLEXIO_I2S_Type *base, bool enable)
Enables/disables the FlexIO I2S Rx DMA requests.

Parameters
* base — FlexIO I2S base pointer

* enable — True means enable DMA, false means disable DMA.
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static inline uint32_t FLEXIO_I2S_TxGetDataRegisterAddress(FLEXIO_I2S_Type *base)
Gets the FlexIO I2S send data register address.

This function returns the I2S data register address, mainly used by DMA/eDMA.
Parameters
* base — Pointer to FLEXIO_I2S_Type structure

Returns
FlexIO i2s send data register address.

static inline uint32_t FLEXIO_12S_RxGetDataRegisterAddress(FLEXIO_I2S _Type *base)
Gets the FlexIO I2S receive data register address.

This function returns the 12S data register address, mainly used by DMA/eDMA.
Parameters
* base — Pointer to FLEXIO_I2S_Type structure

Returns
FlexIO i2s receive data register address.

void FLEXIO_12S_MasterSetFormat(FLEXIO_I2S_Type *base, flexio_i2s_format_t *format,
uint32_t srcClock_Hz)

Configures the FlexIO I2S audio format in master mode.

Audio format can be changed in run-time of FlexIO I2S. This function configures the sample
rate and audio data format to be transferred.

Parameters
* base — Pointer to FLEXIO_I2S_Type structure
* format — Pointer to FlexIO I2S audio data format structure.
* srcClock_ Hz —I2S master clock source frequency in Hz.

void FLEXIO 12S_ SlaveSetFormat(FLEXIO_I2S_Type *base, flexio_i2s_format_t *format)
Configures the FlexIO I2S audio format in slave mode.

Audio format can be changed in run-time of FlexIO I12S. This function configures the sample
rate and audio data format to be transferred.

Parameters
* base — Pointer to FLEXIO_I2S_Type structure
» format — Pointer to FlexIO I2S audio data format structure.

status_t FLEXIO_12S_ WriteBlocking(FLEXIO_I2S_Type *base, uint8_t bitWidth, uint8_t *txData,
size_t size)

Sends data using a blocking method.

Note: This function blocks via polling until data is ready to be sent.

Parameters

* base — FlexIO 12S base pointer.

bitWidth — How many bits in a audio word, usually 8/16/24/32 bits.
* txData — Pointer to the data to be written.
* size — Bytes to be written.

Return values
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* kStatus_ Success — Successfully write data.
* kStatus_ FLEXIO_I2C_ Timeout — Timeout polling status flags.

static inline void FLEXIO_12S_ WriteData(FLEXIO_I2S_Type *base, uint8_t bitWidth, uint32_t
data)

Writes data into a data register.
Parameters
* base — FlexIO I2S base pointer.
* bitWidth — How many bits in a audio word, usually 8/16/24/32 bits.
* data — Data to be written.

status_t FLEXIO_12S_ ReadBlocking(FLEXIO_I2S_Type *base, uint8_t bitWidth, uint8_t *rxData,
size_t size)

Receives a piece of data using a blocking method.

Note: This function blocks via polling until data is ready to be sent.

Parameters
* base — FlexIO I2S base pointer
* bitWidth — How many bits in a audio word, usually 8/16/24/32 bits.
* rxData — Pointer to the data to be read.
* size — Bytes to be read.
Return values
* kStatus_ Success — Successfully read data.
* kStatus_ FLEXIO_I2C_ Timeout — Timeout polling status flags.

static inline uint32_t FLEXIO_12S_ReadData(FLEXIO_I2S_Type *base)
Reads a data from the data register.

Parameters
* base — FlexIO I2S base pointer

Returns
Data read from data register.

void FLEXIO_12S_ TransferTxCreateHandle(FLEXIO_I2S_Type *base, flexio_i2s_handle_t *handle,
flexio_i2s_callback_t callback, void *userData)

Initializes the FlexIO I2S handle.

This function initializes the FlexIO I2S handle which can be used for other FlexIO I2S trans-
actional APIs. Call this API once to get the initialized handle.

Parameters
* base — Pointer to FLEXIO_I2S_Type structure
* handle — Pointer to flexio_i2s_handle_t structure to store the transfer state.

* callback — FlexIO I2S callback function, which is called while finished a
block.

* userData — User parameter for the FlexIO I2S callback.
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void FLEXIO_12S_ TransferSetFormat(FLEXIO_I2S Type *base, flexio_i2s_handle_t *handle,
flexio_i2s_format_t *format, uint32_t srcClock_Hz)

Configures the FlexIO I2S audio format.

Audio format can be changed at run-time of FlexIO I2S. This function configures the sample
rate and audio data format to be transferred.

Parameters
* base — Pointer to FLEXIO_I2S_Type structure.
* handle — FlexIO I2S handle pointer.
* format — Pointer to audio data format structure.

* srcClock__Hz — FlexIO I2S bit clock source frequency in Hz. This parameter
should be 0 while in slave mode.

void FLEXIO_12S_ TransferRxCreateHandle(FLEXIO_I2S_Type *base, flexio_i2s_handle_t *handle,
flexio_i2s_callback_t callback, void *userData)

Initializes the FlexIO I2S receive handle.

This function initializes the FlexIO I2S handle which can be used for other FlexIO I2S trans-
actional APIs. Call this API once to get the initialized handle.

Parameters
* base — Pointer to FLEXIO_I2S_Type structure.
* handle — Pointer to flexio_i2s_handle_t structure to store the transfer state.

* callback — FlexIO I2S callback function, which is called while finished a
block.

* userData — User parameter for the FlexIO I2S callback.

status_t FLEXIO_12S_ TransferSendNonBlocking(FLEXIO_I2S_Type *base, flexio_i2s_handle_t
*handle, flexio_i2s_transfer_t *xfer)

Performs an interrupt non-blocking send transfer on FlexIO I2S.

Note: The API returns immediately after transfer initiates. Call
FLEXIO_I2S_GetRemainingBytes to poll the transfer status and check whether the transfer
is finished. If the return status is 0, the transfer is finished.

Parameters
* base — Pointer to FLEXIO_I2S_Type structure.

* handle — Pointer to flexio_i2s_handle_t structure which stores the transfer
state

» xfer — Pointer to flexio_i2s_transfer_t structure
Return values
* kStatus_ Success — Successfully start the data transmission.

* kStatus. FLEXIO_12S_TxBusy — Previous transmission still not finished,
data not all written to TX register yet.

* kStatus_InvalidArgument — The input parameter is invalid.

status_t FLEXIO_12S_ TransferReceiveNonBlocking(FLEXIO_I2S_Type *base, flexio_i2s_handle_t
*handle, flexio_i2s_transfer_t *xfer)

Performs an interrupt non-blocking receive transfer on FlexIO I2S.
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Note: The API returns immediately after transfer initiates. Call
FLEXIO_I2S_GetRemainingBytes to poll the transfer status to check whether the transfer is
finished. If the return status is 0, the transfer is finished.

Parameters
* base — Pointer to FLEXIO_I2S_Type structure.

* handle — Pointer to flexio_i2s_handle_t structure which stores the transfer
state

* xfer — Pointer to flexio_i2s_transfer_t structure
Return values
* kStatus_ Success — Successfully start the data receive.
* kStatus_ FLEXIO_I2S_RxBusy — Previous receive still not finished.
* kStatus_ InvalidArgument — The input parameter is invalid.

void FLEXIO_ 12S_ TransferAbortSend(FLEXIO_I2S_Type *base, flexio_i2s_handle_t *handle)
Aborts the current send.

Note: This API can be called at any time when interrupt non-blocking transfer initiates to
abort the transfer in a early time.

Parameters
* base — Pointer to FLEXIO_I2S_Type structure.

* handle — Pointer to flexio_i2s_handle_t structure which stores the transfer
state

void FLEXIO_ 12S_ TransferAbortReceive(FLEXIO_I2S_Type *base, flexio_i2s_handle_t *handle)
Aborts the current receive.

Note: This API can be called at any time when interrupt non-blocking transfer initiates to
abort the transfer in a early time.

Parameters
* base — Pointer to FLEXIO_I2S_Type structure.

* handle — Pointer to flexio_i2s_handle_t structure which stores the transfer
state

status_t FLEXIO_12S_ TransferGetSendCount(FLEXIO_I2S_Type *base, flexio_i2s_handle_t
*handle, size_t *count)

Gets the remaining bytes to be sent.
Parameters
* base — Pointer to FLEXIO_I2S_Type structure.

* handle — Pointer to flexio_i2s_handle_t structure which stores the transfer
state

* count — Bytes sent.

Return values
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* kStatus_ Success — Succeed get the transfer count.

* kStatus_ NoTransferInProgress— There is not a non-blocking transaction cur-
rently in progress.

status_t FLEXIO_12S_ TransferGetReceiveCount(FLEXIO_I2S_Type *base, flexio_i2s_handle_t
*handle, size_t *count)

Gets the remaining bytes to be received.
Parameters
* base — Pointer to FLEXIO_I2S_Type structure.

* handle — Pointer to flexio_i2s_handle_t structure which stores the transfer
state

* count — Bytes recieved.
Return values
* kStatus_ Success — Succeed get the transfer count.

* kStatus_ NoTransferInProgress — There is not a non-blocking transaction cur-
rently in progress.

Returns
count Bytes received.

void FLEXIO_12S_ TransferTxHandleIRQ(void *i2sBase, void *i2sHandle)
Tx interrupt handler.

Parameters
* i2sBase — Pointer to FLEXIO_I2S_Type structure.
* i2sHandle — Pointer to flexio_i2s_handle_t structure

void FLEXIO 12S TransferRxHandleIRQ(void *i2sBase, void *i2sHandle)
Rx interrupt handler.

Parameters
* i2sBase — Pointer to FLEXIO_I2S_Type structure.
» i2sHandle — Pointer to flexio_i2s_handle_t structure.

FSL FLEXIO_ I2S DRIVER_ VERSION
FlexIO I2S driver version 2.2.2.

FlexIO I2S transfer status.
Values:

enumerator kStatus FLEXIO 12S Idle
FlexIO I2S is in idle state

enumerator kStatus_ FLEXIO_12S_ TxBusy
FlexIO I2S Tx is busy

enumerator kStatus_ FLEXIO_12S_RxBusy
FlexIO I2S Tx is busy

enumerator kStatus FLEXIO 12S Error
FlexIO I2S error occurred

enumerator kStatus_ FLEXIO_12S_ QueueFull
FlexIO I2S transfer queue is full.
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enumerator kStatus FLEXIO_I2S_Timeout
FlexIO I2S timeout polling status flags.

enum flexio i2s master slave
Master or slave mode.

Values:

enumerator kKFLEXIO_ I2S Master
Master mode

enumerator kFLEXIO_ I2S Slave
Slave mode

_flexio_i2s_interrupt_enable Define FlexIO FlexIO I2S interrupt mask.
Values:

enumerator kFLEXIO 12S_ TxDataRegEmptyInterruptEnable
Transmit buffer empty interrupt enable.

enumerator kFLEXIO 12S_RxDataRegFulllnterruptEnable
Receive buffer full interrupt enable.

_flexio_i2s_status_{flags Define FlexIO FlexIO I2S status mask.
Values:

enumerator kFLEXIO_12S_TxDataRegEmptyFlag
Transmit buffer empty flag.

enumerator kFLEXIO 12S_RxDataRegFullFlag
Receive buffer full flag.

enum _ flexio_ i2s sample_rate

Audio sample rate.

Values:

enumerator kFLEXIO_12S_ SampleRateS8KHz
Sample rate 8000Hz

enumerator kFLEXIO_12S_ SampleRate11025Hz
Sample rate 11025Hz

enumerator kKFLEXIO_12S_SampleRatel12KHz
Sample rate 12000Hz

enumerator KFLEXIO_12S_SampleRatel6KHz
Sample rate 16000Hz

enumerator kFLEXIO 12S_SampleRate22050Hz
Sample rate 22050Hz

enumerator kFLEXIO_12S_SampleRate24KHz
Sample rate 24000Hz

enumerator kFLEXIO_I12S_ SampleRate32KHz
Sample rate 32000Hz

enumerator kFLEXIO_12S_ SampleRate44100Hz
Sample rate 44100Hz
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enumerator kFLEXIO_12S_SampleRate48KHz
Sample rate 48000Hz

enumerator kFLEXIO_12S_SampleRate96KHz
Sample rate 96000Hz
enum flexio i2s word width
Audio word width.
Values:
enumerator kFLEXIO_I2S_ WordWidth8bits
Audio data width 8 bits
enumerator kFLEXIO_12S_ WordWidth16bits
Audio data width 16 bits
enumerator kFLEXIO_12S_ WordWidth24bits
Audio data width 24 bits
enumerator kFLEXIO_12S_ WordWidth32bits
Audio data width 32 bits
typedef struct _flexio_i2s_type FLEXIO 12S_Type
Define FlexIO I2S access structure typedef.
typedef enum _flexio_i2s_master_slave flexio_i2s master_slave t
Master or slave mode.
typedef struct _flexio_i2s_config flexio_i2s_ config_t
FlexIO I2S configure structure.
typedef struct _flexio_i2s_format flexio_i2s format_t
FlexIO I2S audio format, FlexIO I2S only support the same format in Tx and Rx.
typedef enum _flexio_i2s_sample_rate flexio i2s_sample rate t
Audio sample rate.
typedef enum _flexio_i2s_word_width flexio_i2s_word_ width_t
Audio word width.
typedef struct _flexio_i2s_transfer flexio_i2s_ transfer_t
Define FlexIO I12S transfer structure.
typedef struct _flexio_i2s_handle flexio_i2s_handle_t
typedef void (*flexio_i2s_ callback t)(FLEXIO_I2S_Type *base, flexio_i2s_handle_t *handle,
status_t status, void *userData)
FlexIO 12S xfer callback prototype.
12S_ RETRY_ TIMES
Retry times for waiting flag.
FLEXIO_12S_ XFER,__QUEUE_SIZE
FlexIO I12S transfer queue size, user can refine it according to use case.
struct _ flexio_i2s_ type
#include <fsl_flexio_i2s.h> Define FlexIO I2S access structure typedef.
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Public Members
FLEXIO_Type *flexioBase
FlexIO base pointer

uint8_t txPinIndex
Tx data pin index in FlexIO pins

uint8_t rxPinIndex
Rx data pin index

uint8_t belkPinIndex
Bit clock pin index

uint8_t fsPinIndex
Frame sync pin index

uint8_t txShifterIndex
Tx data shifter index

uint8_t rxShifterIndex
Rx data shifter index

uint8_t belkTimerIndex
Bit clock timer index

uint8_t fsTimerIndex
Frame sync timer index

struct _ flexio_i2s_ config
#include <fsl_flexio_i2s.h> FlexIO I2S configure structure.

Public Members

bool enablel2S
Enable FlexIO 12S

flexio_i2s_master_slave_t masterSlave
Master or slave
flexio_pin_polarity_t txPinPolarity
Tx data pin polarity, active high or low
flexio_pin_polarity_t rxPinPolarity
Rx data pin polarity
flexio_pin_polarity_t bclkPinPolarity
Bit clock pin polarity
flexio_pin_polarity_t fsPinPolarity
Frame sync pin polarity
flexio_shifter_timer_polarity_t txTimerPolarity
Tx data valid on bclk rising or falling edge
flexio_shifter_timer_polarity_t rxTimerPolarity
Rx data valid on bclk rising or falling edge

struct flexio i2s format

#include <fsl flexio_i2s.h> FlexIO I12S audio format, FlexIO I2S only support the same format
in Tx and Rx.
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Public Members

uint8_t bitWidth

Bit width of audio data, always 8/16/24/32 bits
uint32_t sampleRate_ Hz

Sample rate of the audio data

struct flexio i2s transfer
#include <fsl_flexio_i2s.h> Define FlexIO I2S transfer structure.

Public Members

uint8_t *data

Data buffer start pointer
size_t dataSize

Bytes to be transferred.

struct flexio i2s handle
#include <fsl_flexio_i2s.h> Define FlexIO I2S handle structure.

Public Members

uint32_t state

Internal state
flexio_i2s_callback_t callback

Callback function called at transfer event
void *userData

Callback parameter passed to callback function
uint8_t bitWidth

Bit width for transfer, 8/16/24/32bits
flexio_i2s_transfer_t queue[(4U)]

Transfer queue storing queued transfer
size_t transferSize[(4U)]

Data bytes need to transfer
volatile uint8_t queueUser

Index for user to queue transfer

volatile uint8_t queueDriver
Index for driver to get the transfer data and size

2.18 FlexIO SPI Driver

void FLEXIO SPI_MasterInit(FLEXIO_SPI Type *base, flexio_spi_master_config t
*masterConfig, uint32_t srcClock_Hz)

Ungates the FlexIO clock, resets the FlexIO module, configures the FlexIO SPI master
hardware, and configures the FlexIO SPI with FlexIO SPI master configuration. The
configuration structure can be filled by the user, or be set with default values by the
FLEXIO_SPI_MasterGetDefaultConfig().
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Example

FLEXIO_SPI Type spiDev = {
flexioBase = FLEXIO,
.SDOPinIndex = 0,
.SDIPinIndex = 1,
.SCKPinlndex = 2,
.CSnPinlIndex = 3,

.shifterIndex = {0,1},
timerIndex = {0,1}

J§
flexio_spi_master_config_t config = {
.enableMaster = true,

.enableInDoze = false,

.enableInDebug = true,

.enableFastAccess = false,

.baudRate_ Bps = 500000,

.phase = kFLEXIO_ SPI_ ClockPhaseFirstEdge,
.direction = kFLEXIO_ SPI_MsbFirst,
.dataMode = kFLEXIO SPI 8BitMode

FLEXIO_ SPI_MasterInit(&spiDev, &config, srcClock_Hz);

Note: 1.FlexIO SPI master only support CPOL = 0, which means clock inactive low. 2.For
FlexIO SPImaster, the input valid time is 1.5 clock cycles, for slave the output valid time is 2.5
clock cycles. So if FlexIO SPI master communicates with other spi IPs, the maximum baud
rate is FlexIO clock frequency divided by 2*2=4. If FlexIO SPI master communicates with
FlexIO SPIslave, the maximum baud rate is FlexIO clock frequency divided by (1.5+2.5)*2=8.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
» masterConfig — Pointer to the flexio_spi_master_config_t structure.
* srcClock_ Hz — FlexIO source clock in Hz.

void FLEXIO_ SPI_MasterDeinit(FLEXIO_SPI_Type *base)
Resets the FlexIO SPI timer and shifter config.

Parameters
* base — Pointer to the FLEXIO_SPI_Type.

void FLEXIO_SPI_ MasterGetDefaultConfig(flexio_spi_master_config_t *masterConfig)

Gets the default configuration to configure the FlexIO SPI master. The configuration can be
used directly by calling the FLEXIO_SPI_MasterConfigure(). Example:

flexio_spi_master_config t masterConfig;
FLEXIO_SPI MasterGetDefaultConfig(&masterConfig);

Parameters
* masterConfig — Pointer to the flexio_spi_master_config_t structure.

void FLEXIO_SPI_ Slavelnit(FLEXIO_SPI Type *base, flexio_spi_slave_config_t *slaveConfig)

Ungates the FlexIO clock, resets the FlexIO module, configures the FlexIO SPI slave hard-
ware configuration, and configures the FlexIO SPI with FlexIO SPI slave configuration.
The configuration structure can be filled by the user, or be set with default values by the
FLEXIO_SPI_SlaveGetDefaultConfig().
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Note: 1.0nlyone timeris needed in the FlexIO SPIslave. As aresult, the second timer index
isignored. 2.FlexIO SPI slave only support CPOL = 0, which means clock inactive low. 3.For
FlexIO SPImaster, the input valid time is 1.5 clock cycles, for slave the output valid time is 2.5
clock cycles. Soif FlexIO SPI slave communicates with other spi IPs, the maximum baud rate
is FlexIO clock frequency divided by 3*2=6. If FlexIO SPI slave communicates with FlexIO
SPI master, the maximum baud rate is FlexIO clock frequency divided by (1.5+2.5)*2=8.
Example

FLEXIO_SPI_Type spiDev = {
flexioBase = FLEXIO,

.SDOPinIndex = 0,

.SDIPinIndex = 1,

.SCKPinIndex = 2,

.CSnPinlndex = 3,

.shifterIndex = {0,1},

timerIndex = {0}
flexio_spi_slave_config_t config = {
.enableSlave = true,

.enableInDoze = false,

.enableInDebug = true,
.enableFastAccess = false,

.phase = kFLEXIO_ SPI_ ClockPhaseFirstEdge,
.direction = kKFLEXIO_ SPI_MsbFirst,
.dataMode = kFLEXIO SPI 8BitMode

FLEXIO_ SPI_ Slavelnit(&spiDev, &config);

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
* slaveConfig — Pointer to the flexio_spi_slave_config t structure.

void FLEXIO_SPI_SlaveDeinit(FLEXIO_SPI Type *base)
Gates the FlexIO clock.

Parameters
* base — Pointer to the FLEXIO_SPI_Type.

void FLEXIO_SPI_ SlaveGetDefaultConfig(flexio_spi_slave_config t *slaveConfig)

Gets the default configuration to configure the FlexIO SPI slave. The configuration can be
used directly for calling the FLEXIO_SPI_SlaveConfigure(). Example:

flexio_spi_slave_ config t slaveConfig;
FLEXIO_SPI_SlaveGetDefaultConfig(&slaveConfig);

Parameters
* slaveConfig — Pointer to the flexio_spi_slave_config t structure.

uint32_t FLEXIO_SPI_ GetStatusFlags(FLEXIO_SPI_Type *base)
Gets FlexIO SPI status flags.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
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Returns
status flag; Use the status flag to AND the following flag mask and get the sta-
tus.

» KFLEXIO_SPI_TXxEmptyFlag
» KFLEXIO_SPI_RxEmptyFlag

void FLEXIO_ SPI_ ClearStatusFlags(FLEXIO_SPI Type *base, uint32_t mask)
Clears FlexIO SPI status flags.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.

» mask — status flag The parameter can be any combination of the following
values:

— KFLEXIO_SPI_TxEmptyFlag
— kFLEXIO_SPI_RxEmptyFlag

void FLEXIO_SPI_ Enablelnterrupts(FLEXIO_SPI Type *base, uint32_t mask)
Enables the FlexIO SPI interrupt.

This function enables the FlexIO SPI interrupt.
Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.

* mask — interrupt source. The parameter can be any combination of the
following values:

— KFLEXIO_SPI_RxFulllnterruptEnable
— kFLEXIO_SPI_TxEmptyInterruptEnable

void FLEXIO_SPI_ Disablelnterrupts(FLEXIO_SPI_Type *base, uint32_t mask)
Disables the FlexIO SPI interrupt.

This function disables the FlexIO SPI interrupt.
Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.

* mask — interrupt source The parameter can be any combination of the fol-
lowing values:

— KFLEXIO_SPI_RxFullinterruptEnable
— KFLEXIO_SPI_TXEmptyInterruptEnable

void FLEXIO SPI_EnableDMA (FLEXIO_SPI Type *base, uint32_t mask, bool enable)

Enables/disables the FlexIO SPI transmit DMA. This function enables/disables the FlexIO SPI
Tx DMA, which means that asserting the KFLEXIO_SPI_TxEmptyFlag does/doesn’t trigger
the DMA request.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
* mask — SPI DMA source.
* enable — True means enable DMA, false means disable DMA.

static inline uint32_t FLEXIO_ SPI_ GetTxDataRegister Address(FLEXIO_SPI_Type *base,
flexio_spi_shift_direction_t
direction)
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Gets the FlexIO SPI transmit data register address for MSB first transfer.
This function returns the SPI data register address, which is mainly used by DMA/eDMA.
Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
* direction — Shift direction of MSB first or LSB first.

Returns
FlexIO SPI transmit data register address.

static inline uint32_t FLEXIO_ SPI_ GetRxDataRegister Address(FLEXIO_SPI_Type *base,
flexio_spi_shift_direction_t
direction)

Gets the FlexIO SPI receive data register address for the MSB first transfer.
This function returns the SPI data register address, which is mainly used by DMA/eDMA.
Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
¢ direction — Shift direction of MSB first or LSB first.

Returns
FlexIO SPI receive data register address.

static inline void FLEXIO_ SPI_Enable(FLEXIO_SPI Type *base, bool enable)
Enables/disables the FlexIO SPI module operation.

Parameters
* base — Pointer to the FLEXIO_SPI_Type.
* enable — True to enable, false does not have any effect.

void FLEXIO_SPI_MasterSetBaudRate(FLEXIO_SPI_Type *base, uint32_t baudRate_Bps,
uint32_t srcClockHz)

Sets baud rate for the FlexIO SPI transfer, which is only used for the master.
Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
* baudRate Bps— Baud Rate needed in Hz.
* srcClockHz — SPI source clock frequency in Hz.

static inline void FLEXIO_ SPI_ WriteData(FLEXIO_SPI Type *base, flexio_spi_shift_direction _t
direction, uint32_t data)

Writes one byte of data, which is sent using the MSB method.

Note: This is a non-blocking API, which returns directly after the data is put into the data
register but the data transfer is not finished on the bus. Ensure that the TxEmptyFlag is
asserted before calling this APIL.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
¢ direction — Shift direction of MSB first or LSB first.
* data — 8/16/32 bit data.
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static inline uint32_t FLEXIO_ SPI_ReadData(FLEXIO_SPI Type *base,
flexio_spi_shift_direction_t direction)

Reads 8 bit/16 bit data.

Note: This is a non-blocking API, which returns directly after the data is read from the
data register. Ensure that the RxFullFlag is asserted before calling this APIL

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
¢ direction — Shift direction of MSB first or LSB first.

Returns
8 bit/16 bit data received.

status_t FLEXIO_ SPI_WriteBlocking(FLEXIO_SPI_Type *base, flexio_spi_shift_direction_t
direction, const uint8_t *buffer, size_t size)

Sends a buffer of data bytes.

Note: This function blocks using the polling method until all bytes have been sent.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
¢ direction — Shift direction of MSB first or LSB first.
* buffer — The data bytes to send.
* size — The number of data bytes to send.
Return values
* kStatus_ Success — Successfully create the handle.
* kStatus_ FLEXIO_SPI_Timeout — The transfer timed out and was aborted.

status_t FLEXIO_ SPI_ReadBlocking(FLEXIO_SPI_Type *base, flexio_spi_shift_direction_t
direction, uint8_t *buffer, size_t size)

Receives a buffer of bytes.

Note: This function blocks using the polling method until all bytes have been received.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
* direction — Shift direction of MSB first or LSB first.
* buffer — The buffer to store the received bytes.
* size — The number of data bytes to be received.
Return values
* kStatus_ Success — Successfully create the handle.
* kStatus_ FLEXIO_SPI_Timeout — The transfer timed out and was aborted.
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status_t FLEXIO_SPI_MasterTransferBlocking(FLEXIO_SPI_Type *base, flexio_spi_transfer._t
*xfer)

Receives a buffer of bytes.

Note: This function blocks via polling until all bytes have been received.

Parameters
* base — pointer to FLEXIO_SPI_Type structure
* xfer — FlexIO SPI transfer structure, see flexio_spi_transfer_t.
Return values
* kStatus_ Success — Successfully create the handle.
* kStatus_ FLEXIO_SPI_Timeout — The transfer timed out and was aborted.

void FLEXIO_SPI_ FlushShifters(FLEXIO_SPI_Type *base)
Flush tx/rx shifters.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.

status_t FLEXIO_SPI_ MasterTransferCreateHandle(FLEXIO_SPI_Type *base,
flexio_spi_master_handle_t *handle,
flexio_spi_master._transfer_callback_t
callback, void *userData)

Initializes the FlexIO SPI Master handle, which is used in transactional functions.
Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.

* handle — Pointer to the flexio_spi_master_handle_t structure to store the
transfer state.

callback — The callback function.
* userData — The parameter of the callback function.
Return values
* kStatus_ Success — Successfully create the handle.
* kStatus_ OutOfRange — The FlexIO type/handle/ISR table out of range.

status_t FLEXIO_ SPI_ MasterTransferNonBlocking(FLEXIO_SPI_Type *base,
flexio_spi_master_handle_t *handle,
flexio_spi_transfer_t *xfer)

Master transfer data using IRQ.

This function sends data using IRQ. This is a non-blocking function, which returns right
away. When all data is sent out/received, the callback function is called.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.

* handle — Pointer to the flexio_spi_master_handle_t structure to store the
transfer state.

* xfer — FlexIO SPI transfer structure. See flexio_spi_transfer_t.
Return values

* kStatus_ Success — Successfully start a transfer.
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* kStatus_ InvalidArgument — Input argument is invalid.

* kStatus_ FLEXIO_SPI_Busy — SPI is not idle, is running another transfer.

void FLEXIO SPI_MasterTransferAbort(FLEXIO_SPI Type *base, flexio_spi_master_handle_t
*handle)

Aborts the master data transfer, which used IRQ.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.

* handle — Pointer to the flexio_spi_master_handle_t structure to store the
transfer state.

status_t FLEXIO_ SPI_MasterTransferGetCount(FLEXIO_SPI_Type *base,
flexio_spi_master_handle_t *handle, size_t

*count)
Gets the data transfer status which used IRQ.
Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.

* handle — Pointer to the flexio_spi_master_handle_t structure to store the
transfer state.

» count— Number of bytes transferred so far by the non-blocking transaction.

Return values
* kStatus_ InvalidArgument — count is Invalid.
* kStatus_ Success — Successfully return the count.
void FLEXIO_SPI_ MasterTransferHandleIRQ(void *spiType, void *spiHandle)
FlexIO SPI master IRQ handler function.
Parameters
* spiType — Pointer to the FLEXIO_SPI_Type structure.

* spiHandle — Pointer to the flexio_spi_master_handle_t structure to store the
transfer state.

status_t FLEXIO_ SPI_ SlaveTransferCreateHandle(FLEXIO_SPI_Type *base,
flexio_spi_slave_handle_t *handle,
flexio_spi_slave_transfer_callback_t callback,
void *userData)

Initializes the FlexIO SPI Slave handle, which is used in transactional functions.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.

* handle — Pointer to the flexio_spi_slave_handle_t structure to store the
transfer state.

* callback — The callback function.
* userData — The parameter of the callback function.
Return values
* kStatus_ Success — Successfully create the handle.
* kStatus_ OutOfRange — The FlexIO type/handle/ISR table out of range.
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status_t FLEXIO_SPI_ SlaveTransferNonBlocking(FLEXIO_SPI_Type *base,
flexio_spi_slave_handle_t *handle,

flexio_spi_transfer_t *xfer)

Slave transfer data using IRQ.
This function sends data using IRQ. This is a non-blocking function, which returns right
away. When all data is sent out/received, the callback function is called.

Parameters
* handle — Pointer to the flexio_spi_slave_handle_t structure to store the
transfer state.
* base — Pointer to the FLEXIO_SPI_Type structure.
* xfer — FlexIO SPI transfer structure. See flexio_spi_transfer_t.

Return values
* kStatus_ Success — Successfully start a transfer.
* kStatus_ InvalidArgument — Input argument is invalid.
* kStatus_ FLEXIO_SPI_ Busy — SPIis not idle; it is running another transfer.

static inline void FLEXIO_SPI_ SlaveTransferAbort(FLEXIO_SPI Type *base,
flexio_spi_slave_handle_t *handle)

Aborts the slave data transfer which used IRQ, share same API with master.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
* handle — Pointer to the flexio_spi_slave_handle_t structure to store the

transfer state.

static inline status_t FLEXIO_SPI_ SlaveTransferGetCount(FLEXIO_SPI Type *hase,
flexio_spi_slave_handle_t *handle,

size_t *count)
Gets the data transfer status which used IRQ, share same API with master.

Parameters
* base — Pointer to the FLEXIO_SPI_Type structure.
* handle — Pointer to the flexio_spi_slave_handle_t structure to store the

transfer state.
* count — Number of bytes transferred so far by the non-blocking transaction.

Return values
* kStatus_InvalidArgument — count is Invalid.

* kStatus_ Success — Successfully return the count.
void FLEXIO_SPI_SlaveTransferHandleIRQ(void *spiType, void *spiHandle)
FlexIO SPI slave IRQ handler function.
Parameters
* spiType — Pointer to the FLEXIO_SPI_Type structure.
* spiHandle — Pointer to the flexio_spi_slave_handle_t structure to store the
transfer state.
FSL_FLEXIO_SPI_DRIVER,_VERSION
FlexIO SPI driver version.
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Error codes for the FlexIO SPI driver.
Values:

enumerator kStatus_ FLEXIO__SPI_Busy
FlexIO SPI is busy.

enumerator kStatus  FLEXIO SPI Idle
SPI is idle

enumerator kStatus FLEXIO SPI Error
FlexIO SPI error.

enumerator kStatus. FLEXIO SPI Timeout
FlexIO SPI timeout polling status flags.

enum _ flexio spi_ clock phase
FlexIO SPI clock phase configuration.
Values:

enumerator kKFLEXIO_ SPI_ ClockPhaseFirstEdge
First edge on SPSCK occurs at the middle of the first cycle of a data transfer.

enumerator kKFLEXIO_ SPI_ ClockPhaseSecondEdge
First edge on SPSCK occurs at the start of the first cycle of a data transfer.
enum _ flexio spi_ shift_ direction
FlexIO SPI data shifter direction options.
Values:

enumerator kFLEXIO SPI MsbFirst
Data transfers start with most significant bit.

enumerator kFLEXIO_SPI_LsbFirst
Data transfers start with least significant bit.

enum _ flexio_spi_data_ bitcount__mode
FlexIO SPI data length mode options.

Values:

enumerator kFLEXIO SPI 8BitMode
8-bit data transmission mode.

enumerator kFLEXIO SPI 16BitMode
16-bit data transmission mode.

enumerator kFLEXIO SPI 32BitMode
32-bit data transmission mode.

enum _flexio spi_interrupt_enable
Define FlexIO SPI interrupt mask.

Values:

enumerator kFLEXIO SPI_TxEmptyInterruptEnable
Transmit buffer empty interrupt enable.

enumerator kKFLEXIO_ SPI_RxFulllnterruptEnable
Receive buffer full interrupt enable.
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enum _ flexio_spi_status_flags
Define FlexIO SPI status mask.
Values:
enumerator kFLEXIO_ SPI_ TxBufferEmptyFlag
Transmit buffer empty flag.
enumerator kFLEXIO_SPI_ RxBufferFullFlag
Receive buffer full flag.
enum _ flexio spi_dma_ enable
Define FlexIO SPI DMA mask.
Values:
enumerator kFLEXIO_SPI_ TxDmaEnable
Tx DMA request source
enumerator kFLEXIO_SPI_RxDmaEnable
Rx DMA request source
enumerator kFLEXIO _SPI_DmaAllEnable
All DMA request source

enum _flexio spi transfer flags
Define FlexIO SPI transfer flags.

Note: Use kFLEXIO_SPI_csContinuous and one of the other flags to OR together to form the
transfer flag.

Values:

enumerator kFLEXIO_SPI_8bitMsb
FlexIO SPI 8-bit MSB first

enumerator kFLEXIO_SPI_8bitLsb
FlexIO SPI 8-bit LSB first

enumerator kFLEXIO SPI 16bitMsb
FlexIO SPI 16-bit MSB first

enumerator kFLEXIO SPI 16bitLsb
FlexIO SPI 16-bit LSB first

enumerator kFLEXIO SPI 32bitMsb
FlexIO SPI 32-bit MSB first

enumerator kFLEXIO SPI 32bitLsb
FlexIO SPI 32-bit LSB first

enumerator kFLEXIO_ SPI c¢sContinuous
Enable the CS signal continuous mode
typedef enum _flexio_spi_clock_phase flexio_spi_ clock phase t
FlexIO SPI clock phase configuration.
typedef enum _flexio_spi_shift_direction flexio_spi_ shift_ direction_t
FlexIO SPI data shifter direction options.
typedef enum _flexio_spi_data_bitcount_mode flexio_spi_data_ bitcount_mode_ t
FlexIO SPI data length mode options.
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typedef struct _flexio_spi_type FLEXIO_SPI_Type
Define FlexIO SPI access structure typedef.

typedef struct _flexio_spi master_config flexio_spi_master__config_t
Define FlexIO SPI master configuration structure.

typedef struct _flexio_spi_slave_config flexio_spi_slave_config_t
Define FlexIO SPI slave configuration structure.

typedef struct _flexio_spi_transfer flexio_spi_ transfer_t
Define FlexIO SPI transfer structure.

typedef struct _flexio_spi_master_handle flexio_spi_ master_handle_t
typedef for flexio_spi_master_handle_t in advance.

typedef flexio_spi master_handle_t flexio_spi_slave_handle_t
Slave handle is the same with master handle.

typedef void (*flexio_spi_ master_ transfer callback_t)(FLEXIO_SPI_Type *base,
flexio_spi_master_handle_t *handle, status_t status, void *userData)

FlexIO SPI master callback for finished transmit.

typedef void (*flexio_ spi_slave_ transfer_ callback t)(FLEXIO_SPI Type *base,
flexio_spi_slave_handle_t *handle, status_t status, void *userData)

FlexIO SPI slave callback for finished transmit.
FLEXIO_ SPI_DUMMYDATA
FlexIO SPI dummy transfer data, the data is sent while txData is NULL.
SPI_RETRY_TIMES
Retry times for waiting flag.
FLEXIO_SPI_XFER_DATA_ FORMAT(flag)
Get the transfer data format of width and bit order.
struct _ flexio_spi_ type
#include <fsl_flexio_spi.h> Define FlexIO SPI access structure typedef.

Public Members

FLEXIO_Type *flexioBase
FlexIO base pointer.

uint8_t SDOPinIndex

Pin select for data output. To set SDO pin in Hi-Z state, user needs to mux the pin as
GPIO input and disable all pull up/down in application.

uint8_t SDIPinIndex
Pin select for data input.
uint8_t SCKPinIndex
Pin select for clock.
uint8_t CSnPinIndex
Pin select for enable.
uint8_t shifterIndex[2]
Shifter index used in FlexIO SPI.

uint8_t timerIndex[2]
Timer index used in FlexIO SPI.
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struct _ flexio_spi_master_config
#include <fsl_flexio_spi.h> Define FlexIO SPI master configuration structure.

Public Members
bool enableMaster
Enable/disable FlexIO SPI master after configuration.

bool enableInDoze

Enable/disable FlexIO operation in doze mode.
bool enableInDebug

Enable/disable FlexIO operation in debug mode.

bool enableFastAccess

Enable/disable fast access to FlexIO registers, fast access requires the FlexIO clock to
be at least twice the frequency of the bus clock.

uint32_t baudRate_Bps
Baud rate in Bps.

flexio_spi_clock_phase_t phase
Clock phase.

flexio_spi_data_bitcount_mode_t dataMode
8bit or 16bit mode.

struct _ flexio_spi_slave config
#include <fsl_flexio_spi.h> Define FlexIO SPI slave configuration structure.

Public Members

bool enableSlave
Enable/disable FlexIO SPI slave after configuration.

bool enableInDoze
Enable/disable FlexIO operation in doze mode.

bool enableInDebug
Enable/disable FlexIO operation in debug mode.

bool enableFastAccess

Enable/disable fast access to FlexIO registers, fast access requires the FlexIO clock to
be at least twice the frequency of the bus clock.

flexio_spi_clock_phase_t phase
Clock phase.

flexio_spi_data_bitcount_mode_t dataMode
8bit or 16bit mode.

struct _ flexio spi_ transfer
#include <fsl_flexio_spi.h> Define FlexIO SPI transfer structure.

Public Members

const uint8_t *txData
Send buffer.
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uint8_t *rxData
Receive buffer.

size t dataSize
Transfer bytes.
uint8_t flags
FlexIO SPI control flag, MSB first or LSB first.

struct _flexio_spi_master handle

#include <fsl_flexio_spi.h> Define FlexIO SPI handle structure.

Public Members
const uint8_t *txData
Transfer buffer.
uint8_t *rxData
Receive buffer.
size_t transferSize
Total bytes to be transferred.
volatile size_t txRemainingBytes
Send data remaining in bytes.
volatile size_t rxRemainingBytes
Receive data remaining in bytes.
volatile uint32_t state
FlexIO SPI internal state.
uint8_t bytePerFrame
SPI mode, 2bytes or 1byte in a frame
flexio_spi_shift_direction_t direction
Shift direction.
flexio_spi_master._transfer_callback_t callback
FlexIO SPI callback.
void *userData
Callback parameter.

bool isCsContinuous
Is current transfer using CS continuous mode.

uint32_t timer1Cfg
TIMER1 TIMCFG regiser value backup.

2.19 FlexIO UART Driver

status_t FLEXIO__UART_ Init(FLEXIO_UART Type *base, const flexio_uart_config_t *userConfig,

uint32_t srcClock_Hz)

Ungates the FlexIO clock, resets the FlexIO module, configures FlexIO UART hardware, and
configures the FlexIO UART with FlexIO UART configuration. The configuration structure
can be filled by the user or be set with default values by FLEXIO_UART_GetDefaultConfig().

Example

2.19. FlexIO UART Driver
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FLEXIO_UART_ Type base = {
flexioBase = FLEXIO,
.TxPinIndex = 0,

.RxPinlndex = 1,

.shifterIndex = {0,1},
timerIndex = {0,1}

}’

flexio__uart__config_t config = {
.enableInDoze = false,
.enableInDebug = true,
.enableFastAccess = false,
.baudRate_Bps = 115200U,
.bitCountPerChar = 8

J§
FLEXIO_UART _Init(base, &config, srcClock_Hz);

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

* userConfig — Pointer to the flexio_uart_config_t structure.

* srcClock  Hz — FlexIO source clock in Hz.

Return values
* kStatus Success — Configuration success.
* kStatus. FLEXIO UART BaudrateNotSupport — Baudrate is not supported

for current clock source frequency.

void FLEXIO UART_Deinit(FLEXIO_UART Type *base)
Resets the FlexIO UART shifter and timer config.

Note: After calling this API, call the FLEXO_UART _Init to use the FlexIO UART module.

Parameters
* base — Pointer to FLEXIO_UART_Type structure

void FLEXIO UART GetDefaultConfig(flexio_uart_config t *userConfig)
Gets the default configuration to configure the FlexIO UART. The configuration can be used

directly for calling the FLEXIO_UART _Init(). Example:

flexio_uart_ config_t config;
FLEXIO UART GetDefaultConfig(&userConfig);

Parameters
* userConfig — Pointer to the flexio_uart_config_t structure.

uint32_t FLEXIO_UART_ GetStatusFlags(FLEXIO_UART_Type *base)
Gets the FlexIO UART status flags.

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

Returns
FlexIO UART status flags.
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void FLEXIO_UART_ ClearStatusFlags(FLEXIO_UART _Type *base, uint32_t mask)
Gets the FlexIO UART status flags.

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

» mask — Status flag. The parameter can be any combination of the following
values:

— KFLEXIO_UART TxDataRegEmptyFlag
— KFLEXIO_UART_RxEmptyFlag
— KFLEXIO_UART_RxOverRunFlag

void FLEXIO_UART_ Enablelnterrupts(FLEXIO_UART_Type *base, uint32_t mask)
Enables the FlexIO UART interrupt.

This function enables the FlexIO UART interrupt.
Parameters
* base — Pointer to the FLEXIO_UART Type structure.
* mask — Interrupt source.

void FLEXIO_UART_ DisableInterrupts(FLEXIO_UART_Type *base, uint32_t mask)
Disables the FlexIO UART interrupt.

This function disables the FlexIO UART interrupt.
Parameters
* base — Pointer to the FLEXIO_UART_Type structure.
* mask — Interrupt source.

static inline uint32_t FLEXIO__UART_ GetTxDataRegisterAddress(FLEXIO_UART_Type *base)
Gets the FlexIO UARt transmit data register address.

This function returns the UART data register address, which is mainly used by DMA/eDMA.
Parameters

* base — Pointer to the FLEXIO_UART_Type structure.

Returns
FlexIO UART transmit data register address.

static inline uint32_t FLEXIO_UART_GetRxDataRegisterAddress(FLEXIO_UART_Type *base)
Gets the FlexIO UART receive data register address.

This function returns the UART data register address, which is mainly used by DMA/eDMA.
Parameters

* base — Pointer to the FLEXIO_UART Type structure.

Returns
FlexIO UART receive data register address.

static inline void FLEXIO_UART_EnableTxDMA (FLEXIO_UART _Type *base, bool enable)

Enables/disables the FlexIO UART transmit DMA. This function enables/disables the

FlexIO UART Tx DMA, which means asserting the KFLEXIO_UART TxDataRegEmptyFlag
does/doesn’t trigger the DMA request.

Parameters
* base — Pointer to the FLEXIO_UART Type structure.

* enable — True to enable, false to disable.
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static inline void FLEXIO__UART__EnableRxDMA (FLEXIO_UART _Type *base, bool enable)

Enables/disables the FlexIO UART receive DMA. This function enables/disables the FlexIO
UART Rx DMA, which means asserting KFLEXIO_UART RxDataRegFullFlag does/doesn’t
trigger the DMA request.

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.
* enable — True to enable, false to disable.

static inline void FLEXIO_UART__Enable(FLEXIO_UART _Type *base, bool enable)
Enables/disables the FlexIO UART module operation.

Parameters
* base — Pointer to the FLEXIO_UART _Type.
* enable — True to enable, false does not have any effect.

static inline void FLEXIO_UART_ WriteByte(FLEXIO_UART_Type *base, const uint8_t *buffer)
Writes one byte of data.

Note: This is a non-blocking API, which returns directly after the data is put into the data
register. Ensure that the TXEmptyFlag is asserted before calling this AP

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.
* buffer — The data bytes to send.

static inline void FLEXIO_UART_ ReadByte(FLEXIO_UART _Type *base, uint8_t *buffer)
Reads one byte of data.

Note: This is a non-blocking API, which returns directly after the data is read from the
data register. Ensure that the RxFullFlag is asserted before calling this AP

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.
* buffer - The buffer to store the received bytes.

status_t FLEXIO_UART_WriteBlocking(FLEXIO_UART_Type *base, const uint8_t *txData, size_t
txSize)

Sends a buffer of data bytes.

Note: This function blocks using the polling method until all bytes have been sent.

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.
* txData — The data bytes to send.
* txSize — The number of data bytes to send.

Return values

* kStatus FLEXIO UART Timeout — Transmission timed out and was
aborted.
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* kStatus_ Success — Successfully wrote all data.

status_t FLEXIO_UART_ReadBlocking(FLEXIO_UART Type *base, uint8_t *rxData, size_t
rxSize)

Receives a buffer of bytes.

Note: This function blocks using the polling method until all bytes have been received.

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.
* rxData — The buffer to store the received bytes.
* rxSize — The number of data bytes to be received.
Return values

* kStatus FLEXIO UART Timeout — Transmission timed out and was
aborted.

* kStatus_Success — Successfully received all data.

status_t FLEXIO_UART _TransferCreateHandle(FLEXIO_UART _Type *base, flexio_uart_handle_t
*handle, flexio_uart_transfer_callback_t callback,
void *userData)

Initializes the UART handle.

This function initializes the FlexIO UART handle, which can be used for other FlexIO UART
transactional APIs. Call this API once to get the initialized handle.

The UART driver supports the “background” receiving, which means that users can set up
a RX ring buffer optionally. Data received is stored into the ring buffer even when the user
doesn’t call the FLEXIO_UART_TransferReceiveNonBlocking() API. If there is already data
received in the ring buffer, users can get the received data from the ring buffer directly.
The ring buffer is disabled if passing NULL as ringBuffer.

Parameters
* base —to FLEXIO_UART_Type structure.

* handle — Pointer to the flexio_uart_handle_t structure to store the transfer
state.

callback — The callback function.
* userData — The parameter of the callback function.
Return values
* kStatus_ Success — Successfully create the handle.
* kStatus_ OutOfRange — The FlexIO type/handle/ISR table out of range.

void FLEXIO UART_ TransferStartRingBuffer(FLEXIO_UART_Type *base, flexio_uart_handle_t
*handle, uint8_t *ringBuffer; size_t
ringBufferSize)

Sets up the RX ring buffer.
This function sets up the RX ring buffer to a specific UART handle.

When the RX ring buffer is used, data received is stored into the ring buffer even when the
user doesn’t call the UART_ReceiveNonBlocking() APL. If there is already data received in
the ring buffer, users can get the received data from the ring buffer directly.
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Note: When using the RX ring buffer, one byte is reserved for internal use. In other words,
if ringBufferSize is 32, only 31 bytes are used for saving data.

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

* handle — Pointer to the flexio_uart_handle_t structure to store the transfer
state.

* ringBuffer — Start address of ring buffer for background receiving. Pass
NULL to disable the ring buffer.

* ringBufferSize — Size of the ring buffer.

void FLEXIO UART_ TransferStopRingBuffer(FLEXIO_UART _Type *base, flexio_uart_handle_t
*handle)

Aborts the background transfer and uninstalls the ring buffer.
This function aborts the background transfer and uninstalls the ring buffer.
Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

* handle — Pointer to the flexio_uart_handle_t structure to store the transfer
state.

status_t FLEXIO_UART_ TransferSendNonBlocking(FLEXIO_UART_Type *base,
flexio_uart_handle_t *handle,
flexio_uart_transfer_t *xfer)

Transmits a buffer of data using the interrupt method.

This function sends data using an interrupt method. This is a non-blocking function, which
returns directly without waiting for all data to be written to the TX register. When all data
is written to the TX register in ISR, the FlexIO UART driver calls the callback function and
passes the kStatus_FLEXIO_UART_TxIdle as status parameter.

Note: The kStatus_FLEXIO_UART_TxIdle is passed to the upper layer when all data is writ-
ten to the TX register. However, it does not ensure that all data is sent out.

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

* handle — Pointer to the flexio_uart_handle_t structure to store the transfer
state.

» xfer — FlexIO UART transfer structure. See flexio_uart_transfer_t.
Return values
* kStatus_ Success — Successfully starts the data transmission.

* kStatus. UART TxBusy — Previous transmission still not finished, data not
written to the TX register.

void FLEXIO UART_ TransferAbortSend(FLEXIO_UART _Type *base, flexio_uart_handle_t
*handle)

Aborts the interrupt-driven data transmit.

This function aborts the interrupt-driven data sending. Get the remainBytes to find out how
many bytes are still not sent out.
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Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

* handle — Pointer to the flexio_uart_handle_t structure to store the transfer
state.

status_t FLEXIO__UART_ TransferGetSendCount(FLEXIO_UART_Type *base, flexio_uart_handle_t
*handle, size_t *count)

Gets the number of bytes sent.
This function gets the number of bytes sent driven by interrupt.
Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

* handle — Pointer to the flexio_uart_handle_t structure to store the transfer
state.

* count — Number of bytes sent so far by the non-blocking transaction.
Return values

» kStatus_ NoTransferInProgress — transfer has finished or no transfer in
progress.

* kStatus_ Success — Successfully return the count.

status_t FLEXIO_UART _ TransferReceiveNonBlocking(FLEXIO_UART_Type *base,
flexio_uart_handle_t *handle,
flexio_uart_transfer_t *xfer, size_t
*receivedBytes)

Receives a buffer of data using the interrupt method.

This function receives data using the interrupt method. This is a non-blocking function,
which returns without waiting for all data to be received. If the RX ring buffer is used
and not empty, the data in ring buffer is copied and the parameter receivedBytes shows
how many bytes are copied from the ring buffer. After copying, if the data in ring buffer
is not enough to read, the receive request is saved by the UART driver. When new data
arrives, the receive request is serviced first. When all data is received, the UART driver
notifies the upper layer through a callback function and passes the status parameter kSta-
tus_UART_RxIdle. For example, if the upper layer needs 10 bytes but there are only 5 bytes
in the ring buffer, the 5 bytes are copied to xfer->data. This function returns with the pa-
rameter receivedBytes set to 5. For the last 5 bytes, newly arrived data is saved from the
xfer->data[5]. When 5 bytes are received, the UART driver notifies upper layer. If the RX
ring buffer is not enabled, this function enables the RX and RX interrupt to receive data to
xfer->data. When all data is received, the upper layer is notified.

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

* handle — Pointer to the flexio_uart_handle_t structure to store the transfer
state.

» xfer — UART transfer structure. See flexio_uart_transfer _t.
* receivedBytes — Bytes received from the ring buffer directly.
Return values
* kStatus_ Success — Successfully queue the transfer into the transmit queue.

* kStatus_ FLEXIO_UART_ RxBusy — Previous receive request is not fin-
ished.
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void FLEXIO_UART_ TransferAbortReceive(FLEXIO_UART_Type *base, flexio_uart_handle_t
*handle)

Aborts the receive data which was using IRQ.
This function aborts the receive data which was using IRQ.
Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

* handle — Pointer to the flexio_uart_handle_t structure to store the transfer
state.

status_t FLEXIO_UART_TransferGetReceiveCount(FLEXIO_UART_Type *base,
flexio_uart_handle_t *handle, size_t *count)

Gets the number of bytes received.
This function gets the number of bytes received driven by interrupt.
Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

* handle — Pointer to the flexio_uart_handle_t structure to store the transfer
state.

* count — Number of bytes received so far by the non-blocking transaction.
Return values

* kStatus_NoTransferInProgress — transfer has finished or no transfer in
progress.

* kStatus_ Success — Successfully return the count.

void FLEXIO_UART_ TransferHandleIRQ(void *uartType, void *uartHandle)
FlexIO UART IRQ handler function.

This function processes the FlexIO UART transmit and receives the IRQ request.
Parameters
* uartType — Pointer to the FLEXIO_UART_Type structure.

» nartHandle — Pointer to the flexio_uart handle t structure to store the
transfer state.

void FLEXIO_UART_ FlushShifters(FLEXIO_UART Type *base)
Flush tx/rx shifters.

Parameters
* base — Pointer to the FLEXIO_UART_Type structure.

FSL FLEXIO UART DRIVER_ VERSION
FlexIO UART driver version.

Error codes for the UART driver.

Values:

enumerator kStatus_ FLEXIO__UART_ TxBusy
Transmitter is busy.

enumerator kStatus_ FLEXIO_UART_ RxBusy
Receiver is busy.
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enumerator kStatus  FLEXIO UART TxIdle
UART transmitter is idle.

enumerator kStatus_ FLEXIO_UART_ RxIdle
UART receiver is idle.
enumerator kStatus_ FLEXIO_UART_ERROR
ERROR happens on UART.
enumerator kStatus_ FLEXIO _UART_RxRingBufferOverrun
UART RX software ring buffer overrun.
enumerator kStatus_ FLEXIO_UART_ RxHardwareOverrun
UART RX receiver overrun.
enumerator kStatus_ FLEXIO_UART_ Timeout
UART times out.
enumerator kStatus_. FLEXIO _UART_BaudrateNotSupport
Baudrate is not supported in current clock source
enum _flexio uart_bit_count_per char
FlexIO UART bit count per char.
Values:
enumerator kFLEXIO_UART_ 7BitsPerChar
7-bit data characters
enumerator kFLEXIO _UART_ 8BitsPerChar
8-bit data characters
enumerator kFLEXIO_UART_ 9BitsPerChar
9-bit data characters
enum _ flexio uart_interrupt_ enable
Define FlexIO UART interrupt mask.
Values:
enumerator kFLEXIO_UART_TxDataRegEmptyInterruptEnable
Transmit buffer empty interrupt enable.
enumerator kFLEXIO_UART RxDataRegFulllnterruptEnable
Receive buffer full interrupt enable.
enum _ flexio uart_status_flags
Define FlexIO UART status mask.
Values:
enumerator kFLEXIO _UART_ TxDataRegEmptyFlag
Transmit buffer empty flag.
enumerator kFLEXIO UART RxDataRegFullFlag
Receive buffer full flag.
enumerator kFLEXIO_UART _RxOverRunFlag
Receive buffer over run flag.

typedef enum _flexio_uart_bit_count_per_char flexio uart_bit_count_per char_t
FlexIO UART bit count per char.
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typedef struct _flexio_uart_type FLEXIO_UART_ Type
Define FlexIO UART access structure typedef.

typedef struct _flexio_uart_config flexio_uart_ config_t
Define FlexIO UART user configuration structure.

typedef struct _flexio_uart_transfer flexio_uart__transfer__t
Define FlexIO UART transfer structure.

typedef struct _flexio_uart_handle flexio_uart_handle_t

typedef void (*flexio_uart_ transfer_callback_ t)(FLEXIO_UART_Type *base, flexio_uart_handle_t
*handle, status_t status, void *userData)

FlexIO UART transfer callback function.
UART_RETRY_TIMES

Retry times for waiting flag.

struct _ flexio_ uart_ type
#include <fsl_flexio_uart.h> Define FlexIO UART access structure typedef.

Public Members
FLEXIO_Type *flexioBase
FlexIO base pointer.
uint8_t TxPinIndex
Pin select for UART_Tx.
uint8_t RxPinIndex
Pin select for UART_Rx.
uint8_t shifterIndex[2]
Shifter index used in FlexIO UART.
uint8_t timerIndex[2]
Timer index used in FlexIO UART.

struct _ flexio_ uart_ config
#include <fsl_flexio_uart.h> Define FlexIO UART user configuration structure.

Public Members

bool enableUart
Enable/disable FlexIO UART TX & RX.

bool enableInDoze

Enable/disable FlexIO operation in doze mode
bool enableInDebug

Enable/disable FlexIO operation in debug mode

bool enableFastAccess

Enable/disable fast access to FlexIO registers, fast access requires the FlexIO clock to
be at least twice the frequency of the bus clock.

uint32_t baudRate Bps
Baud rate in Bps.
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flexio_uart_bit_count_per_char._t bitCountPerChar
number of bits, 7/8/9 -bit

struct flexio uart_ transfer
#include <fsl_flexio_uart.h> Define FlexIO UART transfer structure.

Public Members
size_t dataSize
Transfer size

struct flexio uart_handle
#include <fsl_flexio_uart.h> Define FLEXIO UART handle structure.

Public Members
const uint8_t *volatile txData
Address of remaining data to send.

volatile size_t txDataSize
Size of the remaining data to send.

uint8_t *volatile rxData
Address of remaining data to receive.

volatile size_t rxDataSize
Size of the remaining data to receive.

size t txDataSizeAll
Total bytes to be sent.

size t rxDataSizeAll
Total bytes to be received.

uint8_t *rxRingBuffer
Start address of the receiver ring buffer.

size_t rxRingBufferSize
Size of the ring buffer.

volatile uint16_t rxRingBufferHead
Index for the driver to store received data into ring buffer.

volatile uint16_t rxRingBufferTail
Index for the user to get data from the ring buffer.

flexio_uart_transfer_callback_t callback
Callback function.

void *userData
UART callback function parameter.

volatile uint8_t txState
TX transfer state.

volatile uint8_t rxState
RX transfer state

union  unnamedl106
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Public Members
uint8_t *data
The buffer of data to be transfer.

uint8_t *rxData
The buffer to receive data.

const uint8_t *txData
The buffer of data to be sent.

2.20 FLEXSPI: Flexible Serial Peripheral Interface Driver

uint32_t FLEXSPI_ GetInstance(FLEXSPI_Type *base)
Get the instance number for FLEXSPI.

Parameters
* base — FLEXSPI base pointer.

status_t FLEXSPI_ CheckAndClearError(FLEXSPI_Type *base, uint32_t status)
Check and clear IP command execution errors.

Parameters
* base — FLEXSPI base pointer.
* status — interrupt status.

void FLEXSPI_ Init(FLEXSPI Type *base, const flexspi_config_t *config)
Initializes the FLEXSPI module and internal state.

This function enables the clock for FLEXSPI and also configures the FLEXSPI with the input
configure parameters. Users should call this function before any FLEXSPI operations.

Parameters
* base — FLEXSPI peripheral base address.
* config — FLEXSPI configure structure.

void FLEXSPI GetDefaultConfig(flexspi_config_t *config)
Gets default settings for FLEXSPI.

Parameters
* config — FLEXSPI configuration structure.

void FLEXSPI_ Deinit(FLEXSPI_Type *base)
Deinitializes the FLEXSPI module.

Clears the FLEXSPI state and FLEXSPI module registers.
Parameters
* base — FLEXSPI peripheral base address.

void FLEXSPI_UpdateDlIValue(FLEXSPI_Type *base, flexspi_device_config_t *config,
flexspi_port_t port)

Update FLEXSPI DLL value depending on currently flexspi root clock.
Parameters
* base — FLEXSPI peripheral base address.

* config — Flash configuration parameters.
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* port — FLEXSPI Operation port.

void FLEXSPI_ SetFlashConfig(FLEXSPI_Type *base, flexspi_device_config_t *config,
flexspi_port_t port)

Configures the connected device parameter.

This function configures the connected device relevant parameters, such as the size, com-
mand, and so on. The flash configuration value cannot have a default value. The user needs
to configure it according to the connected device.

Parameters
* base — FLEXSPI peripheral base address.
* config — Flash configuration parameters.
* port — FLEXSPI Operation port.

void FLEXSPI_ SoftwareReset(FLEXSPI_Type *base)
Software reset for the FLEXSPI logic.

This function sets the software reset flags for both AHB and buffer domain and resets both
AHB buffer and also IP FIFOs.

Parameters
* base — FLEXSPI peripheral base address.

static inline void FLEXSPI Enable(FLEXSPI_Type *base, bool enable)
Enables or disables the FLEXSPI module.

Parameters
* base — FLEXSPI peripheral base address.
* enable — True means enable FLEXSPI, false means disable.

void FLEXSPI_ UpdateAhbBuffersSettings(FLEXSPI_Type *base, flexspi_ahbBuffers_ctrl_t
*ptrAhbBufferCtrl)

Update all AHB buffers’ settings, including buffer size, master ID.
Parameters
* base — FLEXSPI peripheral base address.

» ptrAhbBufferCtrl — Pointer to structure flexspi_ahbBuffers_ctrl_t which
store all AHB bhuffers’ settings.

static inline void FLEXSPI_ EnableInterrupts(FLEXSPI_Type *base, uint32_t mask)
Enables the FLEXSPI interrupts.

Parameters
* base — FLEXSPI peripheral base address.
» mask — FLEXSPI interrupt source.

static inline void FLEXSPI_ DisableInterrupts(FLEXSPI_Type *base, uint32_t mask)
Disable the FLEXSPI interrupts.

Parameters
* base — FLEXSPI peripheral base address.
» mask — FLEXSPI interrupt source.

static inline void FLEXSPI_EnableTxDMA (FLEXSPI_Type *base, bool enable)
Enables or disables FLEXSPI IP Tx FIFO DMA requests.

Parameters
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* base — FLEXSPI peripheral base address.

* enable — Enable flag for transmit DMA request. Pass true for enable, false
for disable.

static inline void FLEXSPI_EnableRxDMA (FLEXSPI_Type *base, bool enable)
Enables or disables FLEXSPI IP Rx FIFO DMA requests.

Parameters
* base — FLEXSPI peripheral base address.

* enable — Enable flag for receive DMA request. Pass true for enable, false
for disable.

static inline uint32_t FLEXSPI_ GetTxFifoAddress(FLEXSPI_Type *base)
Gets FLEXSPI IP tx fifo address for DMA transfer.

Parameters
* base — FLEXSPI peripheral base address.

Return values
The - tx fifo address.

static inline uint32_t FLEXSPI_ GetRxFifoAddress(FLEXSPI_Type *base)
Gets FLEXSPI IP rx fifo address for DMA transfer.

Parameters
* base — FLEXSPI peripheral base address.

Return values
The - rx fifo address.

static inline void FLEXSPI_ ResetFifos(FLEXSPI_Type *base, bool txFifo, bool rxFifo)
Clears the FLEXSPI IP FIFO logic.

Parameters
* base — FLEXSPI peripheral base address.
* txFifo — Pass true to reset TX FIFO.
* rxFifo — Pass true to reset RX FIFO.

static inline void FLEXSPI_ GetFifoCounts(FLEXSPI_Type *base, size_t *txCount, size_t
*rxCount)

Gets the valid data entries in the FLEXSPI FIFOs.
Parameters
* base — FLEXSPI peripheral base address.

* txCount — [out] Pointer through which the current number of bytes in the
transmit FIFO is returned. Pass NULL if this value is not required.

¢ rxCount — [out] Pointer through which the current number of bytes in the
receive FIFO is returned. Pass NULL if this value is not required.

static inline uint32_t FLEXSPI_ GetInterruptStatusFlags(FLEXSPI_Type *base)
Get the FLEXSPI interrupt status flags.

Parameters
* base — FLEXSPI peripheral base address.

Return values
interrupt — status flag, use status flag to AND flexspi_flags_t could get the related
status.
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static inline void FLEXSPI_ ClearInterruptStatusFlags(FLEXSPI_Type *base, uint32_t mask)
Get the FLEXSPI interrupt status flags.

Parameters
* base — FLEXSPI peripheral base address.
» mask — FLEXSPI interrupt source.

static inline void FLEXSPI_ GetDatalearningPhase(FLEXSPI_Type *base, uint8_t *portAPhase,
uint8_t *portBPhase)

Gets the sampling clock phase selection after Data Learning.
Parameters
* base — FLEXSPI peripheral base address.

* portAPhase — Pointer to a uint8_t type variable to receive the selected clock
phase on PORTA.

» portBPhase — Pointer to a uint8_t type variable to receive the selected clock
phase on PORTB.

static inline flexspi_arb_command_source_t FLEXSPI_GetArbitratorCommandSource(FLEXSPI_Type
*base)

Gets the trigger source of current command sequence granted by arbitrator.
Parameters
* base — FLEXSPI peripheral base address.

Return values
trigger — source of current command sequence.

static inline flexspi_ip_error_code_t FLEXSPI_GetIPCommandErrorCode(FLEXSPI_Type *base,
uint8_t *index)

Gets the error code when IP command error detected.
Parameters
* base — FLEXSPI peripheral base address.

* index — Pointer to a uint8_t type variable to receive the sequence index
when error detected.

Return values
error — code when IP command error detected.

static inline flexspi_ahb_error_code_t FLEXSPI__Get AHBCommandErrorCode(FLEXSPI_Type
*base, uint8_t
*index)

Gets the error code when AHB command error detected.
Parameters
* base — FLEXSPI peripheral base address.

* index — Pointer to a uint8_t type variable to receive the sequence index
when error detected.

Return values
error — code when AHB command error detected.

static inline bool FLEXSPI _GetBusldleStatus(FLEXSPI_Type *base)
Returns whether the bus is idle.

Parameters
* base — FLEXSPI peripheral base address.
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Return values
* true — Bus is idle.
* false — Bus is busy.

void FLEXSPI_ UpdateRxSampleClock(FLEXSPI_Type *base, flexspi_read_sample_clock_t
clockSource)

Update read sample clock source.
Parameters
* base — FLEXSPI peripheral base address.
* clockSource — clockSource of type flexspi_read_sample_clock_t

static inline void FLEXSPI _EnableIPParallelMode(FLEXSPI_Type *base, bool enable)
Enables/disables the FLEXSPI IP command parallel mode.

Parameters
* base — FLEXSPI peripheral base address.

* enable — True means enable parallel mode, false means disable parallel
mode.

static inline void FLEXSPI_ EnableAHBParallelMode(FLEXSPI_Type *base, bool enable)
Enables/disables the FLEXSPI AHB command parallel mode.

Parameters
* base — FLEXSPI peripheral base address.

* enable — True means enable parallel mode, false means disable parallel
mode.

void FLEXSPI_UpdateLUT(FLEXSPI_Type *base, uint32_t index, const uint32_t *cmd, uint32_t
count)

Updates the LUT table.
Parameters
* base — FLEXSPI peripheral base address.

¢ index — From which index start to update. It could be any index of the LUT
table, which also allows user to update command content inside a com-
mand. Each command consists of up to 8 instructions and occupy 4*32-bit
memory.

* cmd — Command sequence array.
* count — Number of sequences.

static inline void FLEXSPI_ WriteData(FLEXSPI_Type *base, uint32_t data, uint8_t fifoIndex)
Writes data into FIFO.

Parameters
* base — FLEXSPI peripheral base address
* data — The data bytes to send
* fifoIndex — Destination fifo index.

static inline uint32_t FLEXSPI_ReadData(FLEXSPI_Type *base, uint8_t fifoIndex)
Receives data from data FIFO.

Parameters
* base — FLEXSPI peripheral base address
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* fifoIndex — Source fifo index.

Returns
The data in the FIFO.

status_t FLEXSPI_ WriteBlocking(FLEXSPI_Type *base, uint8_t *buffer, size_t size)
Sends a buffer of data bytes using blocking method.

Note: This function blocks via polling until all bytes have been sent.

Parameters

* base — FLEXSPI peripheral base address

* buffer — The data bytes to send

* size — The number of data bytes to send
Return values

* kStatus_ Success — write success without error

* kStatus. FLEXSPI SequenceExecutionTimeout — sequence execution time-
out

* kStatus_ FLEXSPI_IpCommandSequenceError — IP command sequence er-
ror detected

* kStatus. FLEXSPI_IpCommandGrantTimeout — IP command grant timeout
detected

status_t FLEXSPI_ReadBlocking(FLEXSPI_Type *base, uint8_t *buffer, size_t size)
Receives a buffer of data bytes using a blocking method.

Note: This function blocks via polling until all bytes have been sent.

Parameters

* base — FLEXSPI peripheral base address

* buffer — The data bytes to send

* size — The number of data bytes to receive
Return values

* kStatus Success — read success without error

* kStatus_ FLEXSPI_SequenceExecutionTimeout — sequence execution time-
out

* kStatus_ FLEXSPI IpCommandSequenceError — IP command sequencen er-
ror detected

* kStatus_ FLEXSPI_IpCommandGrantTimeout — I[P command grant timeout
detected

status_t FLEXSPI_ TransferBlocking(FLEXSPI_Type *base, flexspi_transfer_t *xfer)
Execute command to transfer a buffer data bytes using a blocking method.

Parameters
* base — FLEXSPI peripheral base address

* xfer — pointer to the transfer structure.
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Return values
* kStatus Success — command transfer success without error

* kStatus_ FLEXSPI SequenceExecutionTimeout — sequence execution time-
out

* kStatus_ FLEXSPI_IpCommandSequenceError — IP command sequence er-
ror detected

* kStatus_ FLEXSPI_IpCommandGrantTimeout — IP command grant timeout
detected

void FLEXSPI_ TransferCreateHandle(FLEXSPI_Type *base, flexspi_handle_t *handle,

flexspi_transfer_callback_t callback, void *userData)
Initializes the FLEXSPI handle which is used in transactional functions.

Parameters
* base — FLEXSPI peripheral base address.
* handle — pointer to flexspi_handle_t structure to store the transfer state.
* callback — pointer to user callback function.

* userData — user parameter passed to the callback function.

status_t FLEXSPI_ TransferNonBlocking(FLEXSPI_Type *base, flexspi_handle_t *handle,

flexspi_transfer_t *xfer)
Performs a interrupt non-blocking transfer on the FLEXSPI bus.

Note: Calling the API returns immediately after transfer initiates. The user needs to
call FLEXSPI_GetTransferCount to poll the transfer status to check whether the transfer
is finished. If the return status is not kStatus_FLEXSPI_Busy, the transfer is finished. For
FLEXSPI Read, the dataSize should be multiple of rx watermark level, or FLEXSPI could
not read data properly.

Parameters
* base — FLEXSPI peripheral base address.

* handle — pointer to flexspi_handle_t structure which stores the transfer
state.

* xfer — pointer to flexspi_transfer_t structure.
Return values
* kStatus_ Success — Successfully start the data transmission.

* kStatus. FLEXSPI_Busy — Previous transmission still not finished.

status_t FLEXSPI_ TransferGetCount(FLEXSPI_Type *base, flexspi_handle_t *handle, size_t

*count)

Gets the master transfer status during a interrupt non-blocking transfer.

Parameters
* base — FLEXSPI peripheral base address.

* handle — pointer to flexspi_handle_t structure which stores the transfer
state.

* count— Number of bytes transferred so far by the non-blocking transaction.
Return values

* kStatus_ InvalidArgument — count is Invalid.
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* kStatus_ Success — Successfully return the count.

void FLEXSPI_ TransferAbort(FLEXSPI_Type *base, flexspi_handle_t *handle)
Aborts an interrupt non-blocking transfer early.

Note: This API can be called at any time when an interrupt non-blocking transfer initiates
to abort the transfer early.

Parameters
* base — FLEXSPI peripheral base address.

* handle — pointer to flexspi_handle_t structure which stores the transfer
state

void FLEXSPI_ TransferHandleIRQ(FLEXSPI_Type *base, flexspi_handle_t *handle)
Master interrupt handler.

Parameters
* base — FLEXSPI peripheral base address.
* handle — pointer to flexspi_handle_t structure.

FSL FLEXSPI DRIVER_VERSION
FLEXSPI driver version.

Status structure of FLEXSPI.
Values:
enumerator kStatus_ FLEXSPI_Busy
FLEXSPI is busy
enumerator kStatus_ FLEXSPI _SequenceExecutionTimeout
Sequence execution timeout error occurred during FLEXSPI transfer.
enumerator kStatus. FLEXSPI IpCommandSequenceError
IP command Sequence execution timeout error occurred during FLEXSPI transfer.

enumerator kStatus_ FLEXSPI IpCommandGrantTimeout
IP command grant timeout error occurred during FLEXSPI transfer.

CMD definition of FLEXSPI, use to form LUT instruction, _flexspi_command.
Values:
enumerator kFLEXSPI Command_STOP
Stop execution, deassert CS.
enumerator kFLEXSPI _Command_SDR
Transmit Command code to Flash, using SDR mode.
enumerator kFLEXSPI_ Command_RADDR,_ SDR
Transmit Row Address to Flash, using SDR mode.
enumerator kFLEXSPI__Command_CADDR_ SDR
Transmit Column Address to Flash, using SDR mode.

enumerator kFLEXSPI Command MODE1 SDR
Transmit 1-bit Mode bits to Flash, using SDR mode.
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enumerator kKFLEXSPI_Command MODE2 SDR
Transmit 2-bit Mode bits to Flash, using SDR mode.

enumerator kFLEXSPI__Command_ MODE4_ SDR

Transmit 4-bit Mode bits to Flash, using SDR mode.
enumerator kFLEXSPI__Command_ MODES__SDR

Transmit 8-bit Mode bits to Flash, using SDR mode.
enumerator kFLEXSPI__Command_ WRITE_ SDR

Transmit Programming Data to Flash, using SDR mode.
enumerator kFLEXSPI__Command_READ_SDR

Receive Read Data from Flash, using SDR mode.
enumerator kFLEXSPI__Command_LEARN_SDR

Receive Read Data or Preamble bit from Flash, SDR mode.
enumerator kFLEXSPI Command DATSZ SDR

Transmit Read/Program Data size (byte) to Flash, SDR mode.
enumerator kFLEXSPI Command DUMMY SDR

Leave data lines undriven by FlexSPI controller.
enumerator kFLEXSPI__Command_ DUMMY__RWDS_SDR

Leave data lines undriven by FlexSPI controller, dummy cycles decided by RWDS.

enumerator kFLEXSPI Command DDR
Transmit Command code to Flash, using DDR mode.

enumerator kKFLEXSPI__Command RADDR_DDR

Transmit Row Address to Flash, using DDR mode.
enumerator KFLEXSPI_Command_CADDR_DDR

Transmit Column Address to Flash, using DDR mode.
enumerator kFLEXSPI Command MODE1 DDR

Transmit 1-bit Mode bits to Flash, using DDR mode.
enumerator kFLEXSPI Command MODE2 DDR

Transmit 2-bit Mode bits to Flash, using DDR mode.
enumerator kFLEXSPI Command MODE4 DDR

Transmit 4-bit Mode bits to Flash, using DDR mode.
enumerator kKFLEXSPI_Command MODES8 DDR

Transmit 8-bit Mode bits to Flash, using DDR mode.
enumerator kKFLEXSPI_Command WRITE_DDR

Transmit Programming Data to Flash, using DDR mode.
enumerator kFLEXSPI Command READ DDR

Receive Read Data from Flash, using DDR mode.
enumerator kFLEXSPI Command LEARN DDR

Receive Read Data or Preamble bit from Flash, DDR mode.
enumerator kFLEXSPI Command DATSZ DDR

Transmit Read/Program Data size (byte) to Flash, DDR mode.

enumerator kFLEXSPI Command DUMMY DDR
Leave data lines undriven by FlexSPI controller.
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enumerator kFLEXSPI Command DUMMY_RWDS_DDR
Leave data lines undriven by FlexSPI controller, dummy cycles decided by RWDS.

enumerator kFLEXSPI Command JUMP_ ON_ CS

Stop execution, deassert CS and save operand[7:0] as the instruction start pointer for
next sequence

enum _ flexspi_ pad
pad definition of FLEXSPI, use to form LUT instruction.
Values:

enumerator kFLEXSPI_1PAD
Transmit command/address and transmit/receive data only through DATAO/DATA1.
enumerator kFLEXSPI 2PAD
Transmit command/address and transmit/receive data only through DATA[1:0].
enumerator kFLEXSPI_4PAD
Transmit command/address and transmit/receive data only through DATA[3:0].
enumerator kFLEXSPI 8PAD
Transmit command/address and transmit/receive data only through DATA[7:0].
enum _ flexspi_ flags
FLEXSPI interrupt status flags.
Values:
enumerator kFLEXSPI__SequenceExecutionTimeoutFlag
Sequence execution timeout.
enumerator kFLEXSPI__AhbBusTimeoutFlag
AHB Bus timeout.
enumerator kFLEXSPI__SckStoppedBecauseTxEmptyFlag
SCK is stopped during command sequence because Async TX FIFO empty.
enumerator kFLEXSPI_ SckStoppedBecauseRxFullFlag
SCK is stopped during command sequence because Async RX FIFO full.
enumerator kFLEXSPI_DatalLearningFailedFlag
Data learning failed.
enumerator kFLEXSPI_ IpTxFifoWatermarkEmptyFlag
IP TX FIFO WaterMark empty.
enumerator kFLEXSPI_ IpRxFifoWatermarkAvailableFlag
IP RX FIFO WaterMark available.
enumerator kFLEXSPI__AhbCommandSequenceErrorFlag
AHB triggered Command Sequences Error.
enumerator kFLEXSPI_IpCommandSequenceErrorFlag
IP triggered Command Sequences Error.
enumerator kFLEXSPI__AhbCommandGrantTimeoutFlag
AHB triggered Command Sequences Grant Timeout.
enumerator kFLEXSPI_IpCommandGrantTimeoutFlag
IP triggered Command Sequences Grant Timeout.

enumerator kFLEXSPI_IpCommandExecutionDoneFlag
IP triggered Command Sequences Execution finished.
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enumerator kFLEXSPI__AlllnterruptFlags
All flags.

enum _ flexspi_read_sample_clock
FLEXSPI sample clock source selection for Flash Reading.

Values:
enumerator kFLEXSPI ReadSampleClkLoopbackInternally

Dummy Read strobe generated by FlexSPI Controller and loopback internally.

enumerator kFLEXSPI ReadSampleClkLoopbackFromDgsPad
Dummy Read strobe generated by FlexSPI Controller and loopback from

enumerator kFLEXSPI ReadSampleClkLoopbackFromSckPad
SCK output clock and loopback from SCK pad.

enumerator kFLEXSPI_ReadSampleClkExternallnputFromDgsPad
Flash provided Read strobe and input from DQS pad.

enum _ flexspi_ cs_interval_cycle_ unit
FLEXSPI interval unit for flash device select.

Values:

enumerator kKFLEXSPI_ CsIntervalUnit1SckCycle
Chip selection interval: CSINTERVAL * 1 serial clock cycle.

enumerator kFLEXSPI CsIntervalUnit256SckCycle
Chip selection interval: CSINTERVAL * 256 serial clock cycle.

enum _ flexspi_ahb_write_ wait_ unit
FLEXSPI AHB wait interval unit for writing.

Values:

enumerator kFLEXSPI__AhbWriteWaitUnit2AhbCycle
AWRWAIT unit is 2 ahb clock cycle.

enumerator kFLEXSPI__AhbWriteWait Unit8 AhbCycle
AWRWAIT unit is 8 ahb clock cycle.

enumerator kFLEXSPI__AhbWriteWaitUnit32AhbCycle
AWRWAIT unit is 32 ahb clock cycle.

enumerator kFLEXSPI__AhbWriteWaitUnit128 AhbCycle
AWRWAIT unit is 128 ahb clock cycle.

enumerator kFLEXSPI__AhbWriteWaitUnit512AhbCycle
AWRWAIT unit is 512 ahb clock cycle.

enumerator kFLEXSPI__AhbWriteWaitUnit2048AhbCycle
AWRWAIT unit is 2048 ahb clock cycle.

enumerator kFLEXSPI__ AhbWriteWaitUnit8192AhbCycle
AWRWAIT unit is 8192 ahb clock cycle.

enumerator kFLEXSPI__AhbWriteWaitUnit32768 AhbCycle
AWRWAIT unit is 32768 ahb clock cycle.

enum _flexspi_ip_error_code
Error Code when IP command Error detected.

Values:

DQS pad.

346 Chapter 2

. MIMX9322



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

enumerator kFLEXSPI_IpCmdErrorNoError
No error.

enumerator kFLEXSPI_IpCmdErrorJumpOnCsInlpCmd
IP command with JMP_ON_CS instruction used.
enumerator kFLEXSPI_IpCmdErrorUnknownOpCode
Unknown instruction opcode in the sequence.
enumerator kFLEXSPI_IpCmdErrorSdrDummyInDdrSequence
Instruction DUMMY_SDR/DUMMY_RWDS_SDR used in DDR sequence.
enumerator kFLEXSPI_ IpCmdErrorDdrDummyInSdrSequence
Instruction DUMMY_DDR/DUMMY_RWDS_DDR used in SDR sequence.
enumerator kFLEXSPI_IpCmdErrorInvalidAddress
Flash access start address exceed the whole flash address range (A1/A2/B1/B2).
enumerator kFLEXSPI_ IpCmdErrorSequenceExecutionTimeout
Sequence execution timeout.
enumerator kFLEXSPI_ IpCmdErrorFlashBoundaryAcrosss
Flash boundary crossed.
enum _ flexspi_ahb_error_code
Error Code when AHB command Error detected.
Values:
enumerator kFLEXSPI AhbCmdErrorNoError
No error.
enumerator kFLEXSPI AhbCmdErrorJumpOnCsInWriteCmd
AHB Write command with JMP_ON_CS instruction used in the sequence.
enumerator kFLEXSPI AhbCmdErrorUnknownOpCode
Unknown instruction opcode in the sequence.
enumerator kFLEXSPI_ AhbCmdErrorSdrDummyInDdrSequence
Instruction DUMMY_SDR/DUMMY_RWDS_SDR used in DDR sequence.
enumerator kFLEXSPI__ AhbCmdErrorDdrDummyInSdrSequence
Instruction DUMMY_DDR/DUMMY_RWDS_DDR used in SDR sequence.
enumerator kFLEXSPI_ AhbCmdSequenceExecutionTimeout
Sequence execution timeout.
enum _ flexspi_ port
FLEXSPI operation port select.
Values:
enumerator kFLEXSPI_PortAl
Access flash on A1 port.
enumerator kFLEXSPI_PortA2
Access flash on A2 port.
enumerator kFLEXSPI_ PortB1
Access flash on B1 port.

enumerator kFLEXSPI_PortB2
Access flash on B2 port.
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enumerator kFLEXSPI_ PortCount
enum _flexspi_arb_ command_source
Trigger source of current command sequence granted by arbitrator.
Values:
enumerator kFLEXSPI__AhbRead Command

enumerator kFLEXSPI AhbWriteCommand

enumerator kFLEXSPI_ IpCommand

enumerator kKFLEXSPI__Suspended Command
enum _ flexspi_ command_ type

Command type.

Values:

enumerator kFLEXSPI_Command
FlexSPI operation: Only command, both TX and Rx buffer are ignored.

enumerator kFLEXSPI_Config
FlexSPI operation: Configure device mode, the TX fifo size is fixed in LUT.

enumerator kFLEXSPI Read
enumerator kFLEXSPI Write
typedef enum _flexspi_pad flexspi_ pad_ t
pad definition of FLEXSPI, use to form LUT instruction.

typedef enum _flexspi_flags flexspi_flags t
FLEXSPI interrupt status flags.

typedef enum _flexspi_read_sample_clock flexspi_read_sample clock t
FLEXSPI sample clock source selection for Flash Reading.

typedef enum _flexspi_cs_interval_cycle_unit flexspi_cs_ interval cycle unit_ t
FLEXSPI interval unit for flash device select.

typedef enum _flexspi_ahb_write_wait_unit flexspi__ahb_ write_ wait__unit_t
FLEXSPI AHB wait interval unit for writing.

typedef enum _flexspi_ip_error_code flexspi_ip_ error_ code_t
Error Code when IP command Error detected.

typedef enum _flexspi_ahb_error_code flexspi_ahb_ error_ code_t
Error Code when AHB command Error detected.

typedef enum _flexspi_port flexspi__port_t
FLEXSPI operation port select.

typedef enum _flexspi_arb_command_source flexspi_arb_command_ source_t
Trigger source of current command sequence granted by arbitrator.

typedef enum _flexspi_command_type flexspi_ command_ type_t
Command type.

typedef struct _flexspi_ahbBuffer_config flexspi_ahbBuffer_config_t

typedef struct _flexspi_ahbBuffers_ctrl flexspi_ ahbBuffers_ ctrl_t
Structure to control all AHB buffers.
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typedef struct _flexspi_config flexspi_ config_t
FLEXSPI configuration structure.

typedef struct _flexspi_device_config flexspi_device_config_t
External device configuration items.

typedef struct _flexspi_transfer flexspi_ transfer_t
Transfer structure for FLEXSPI.

typedef struct _flexspi_handle flexspi__handle t

typedef void (*flexspi_ transfer callback t)(FLEXSPI_Type *base, flexspi_handle_t *handle,
status_t status, void *userData)

FLEXSPI transfer callback function.

typedef struct _flexspi_addr_map_config flexspi_addr_map_ config_t
Address mapping configuration structure.

FSL FEATURE FLEXSPI AHB BUFFER_COUNT
FLEXSPI_LUT_SEQ(cmd0, pad0, op0, cmmd1, padl, opl)
Formula to form FLEXSPI instructions in LUT table.

struct _ flexspi__ahbBuffer config
#include <fsl_flexspi.h>

Public Members
uint8_t priority
This priority for AHB Master Read which this AHB RX Buffer is assigned.

uint8_t masterIndex
AHB Master ID the AHB RX Buffer is assigned.

uint16_t bufferSize
AHB buffer size in byte.

bool enablePrefetch

AHB Read Prefetch Enable for current AHB RX Buffer corresponding Master, allows
prefetch disable/enable separately for each master.

struct _ flexspi_ahbBuffers ctrl
#include <fsl_flexspi.h> Structure to control all AHB buffers.

Public Members

flexspi_ahbBuffer_config_t buffer[FSL_FEATURE_FLEXSPI_AHB_BUFFER_COUNTn(0)]
Configurations of all AHB buffers.

struct _ flexspi_ config
#include <fsl_flexspi.h> FLEXSPI configuration structure.

Public Members
flexspi_read_sample_clock_t rxSampleClock
Sample Clock source selection for Flash Reading.

bool enableSckFreeRunning
Enable/disable SCK output free-running.
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bool enableCombination

Enable/disable combining PORT A and B Data Pins (SIOA[3:0] and SIOB[3:0]) to support
Flash Octal mode.

bool enableDoze
Enable/disable doze mode support.
bool enableHalfSpeed Access
Enable/disable divide by 2 of the clock for half speed commands.

bool enableSckBDiffOpt

Enable/disable SCKB pad use as SCKA differential clock output, when enable, Port B
flash access is not available.

bool enableSameConfigForAll

Enable/disable same configuration for all connected devices when enabled, same con-
figuration in FLASHA1CRx is applied to all.

uint16_t seqTimeoutCycle

Timeout wait cycle for command sequence execution, timeout after ahbGrantTimeout-
Cyle*1024 serial root clock cycles.

uint8_t ipGrantTimeoutCycle

Timeout wait cycle for IP command grant, timeout after ipGrantTimeoutCycle*1024
AHB clock cycles.

uint8_t txWatermark

FLEXSPI IP transmit watermark value.
uint8_t rxWatermark

FLEXSPI receive watermark value.

struct _ flexspi_ device_config
#include <fsl_flexspi.h> External device configuration items.

Public Members

uint32_t flexspiRootClk
FLEXSPI serial root clock.

bool isSck2Enabled
FLEXSPI use SCK2.
uint32_t flashSize
Flash size in KByte.
flexspi_cs_interval _cycle_unit_t CSIntervalUnit
CS interval unit, 1 or 256 cycle.
uint16_t CSInterval
CS line assert interval, multiply CS interval unit to get the CS line assert interval cycles.
uint8_t CSHoldTime
CS line hold time.
uint8_t CSSetupTime
CS line setup time.

uint8_t dataValidTime
Data valid time for external device.
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uint8_t columnspace
Column space size.

bool enableWord Address

If enable word address.
uint8_t AWRSeqIndex

Sequence ID for AHB write command.
uint8_t AWRSeqNumber

Sequence number for AHB write command.
uint8_t ARDSeqlndex

Sequence ID for AHB read command.
uint8_t ARDSeqNumber

Sequence number for AHB read command.
flexspi_ahb_write_wait_unit_ t AHBWriteWaitUnit

AHB write wait unit.

uint16_t AHBWriteWaitInterval

AHB write wait interval, multiply AHB write interval unit to get the AHB write wait
cycles.

bool enableWriteMask
Enable/Disable FLEXSPI drive DQS pin as write mask when writing to external device.

struct _ flexspi_ transfer
#include <fsl_flexspi.h> Transfer structure for FLEXSPI.

Public Members
uint32_t deviceAddress
Operation device address.
flexspi_port_t port
Operation port.

flexspi_command_type_t cmdType

Execution command type.
uint8_t seqIndex

Sequence ID for command.
uint8_t SeqNumber

Sequence number for command.
uint32_t *data

Data buffer.
size_t dataSize

Data size in bytes.

struct _ flexspi_ handle
#include <fsl_flexspi.h> Transfer handle structure for FLEXSPI.
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Public Members

uint32_t state

Internal state for FLEXSPI transfer
uint8_t *data

Data buffer.

size_t dataSize
Remaining Data size in bytes.

size_t transferTotalSize

Total Data size in bytes.
flexspi_transfer_callback_t completionCallback

Callback for users while transfer finish or error occurred
void *userData

FLEXSPI callback function parameter.

struct _ flexspi_addr_map_ config
#include <fsl_flexspi.h> Address mapping configuration structure.

Public Members

uint32_t addrStart

Remapping start address.
uint32_t addrEnd

Remapping end address.
uint32_t addrOffset

Address offset.

bool remapEnable
Enable address remapping.

struct ahbConfig

Public Members

bool enable AHBWritelpTxFifo
Enable AHB bus write access to IP TX FIFO.

bool enable AHBWriteIpRxFifo
Enable AHB bus write access to IP RX FIFO.

uint8_t ahbGrantTimeoutCycle
Timeout wait cycle for AHB command grant, timeout after ahbGrantTimeoutCyle*1024
AHB clock cycles.

uint16_t ahbBusTimeoutCycle
Timeout wait cycle for AHB read/write access, timeout after ahbBusTimeoutCy-
cle*1024 AHB clock cycles.

uint8_t resumeWaitCycle

Wait cycle for idle state before suspended command sequence resume, timeout after
ahbBusTimeoutCycle AHB clock cycles.
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flexspi_ahbBuffer_config_t buffer[FSL_FEATURE_FLEXSPI_AHB_BUFFER_COUNTnN(0)]
AHB buffer size.

bool enableClear AHBBufferOpt

Enable/disable automatically clean AHB RX Buffer and TX Buffer when FLEXSPI re-
turns STOP mode ACK.

bool enableRead AddressOpt

Enable/disable remove AHB read burst start address alignment limitation. when en-
able, there is no AHB read burst start address alignment limitation.

bool enableAHBPrefetch

Enable/disable AHB read prefetch feature, when enabled, FLEXSPI will fetch more data
than current AHB burst.

bool enableAHBBufferable

Enable/disable AHB bufferable write access support, when enabled, FLEXSPI return
before waiting for command execution finished.

bool enable AHBCachable
Enable AHB bus cachable read access support.

2.21 FLEXSPI eDMA Driver

void FLEXSPI_ TransferCreateHandleEDMA (FLEXSPI_Type *base, flexspi_edma_handle_t
*handle, flexspi_edma_callback_t callback, void
*userData, edma_handle_t *txDmaHandle,
edma_handle_t *rxDmaHandle)

Initializes the FLEXSPI handle for transfer which is used in transactional functions and set
the callback.

Parameters
* base — FLEXSPI peripheral base address
* handle — Pointer to flexspi_edma_handle_t structure
¢ callback — FLEXSPI callback, NULL means no callback.
» userData — User callback function data.
* txDmaHandle — User requested DMA handle for TX DMA transfer.
* rxDmaHandle — User requested DMA handle for RX DMA transfer.

void FLEXSPI_ TransferUpdateSizeEDMA (FLEXSPI_Type *base, flexspi edma_handle_t *handle,
flexspi_edma_transfer_nsize_t nsize)

Update FLEXSPI EDMA transfer source data transfer size(SSIZE) and destination data trans-
fer size(DSIZE).

See also:

flexspi_edma_transfer_nsize_t.

Parameters
* base — FLEXSPI peripheral base address
* handle — Pointer to flexspi_edma_handle_t structure

* nsize — FLEXSPI DMA transfer data transfer size(SSIZE/DSIZE), by default
the size is KFLEXPSI_EDMAnNSize1Bytes(one byte).
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status_t FLEXSPI_ TransferEDMA (FLEXSPI_Type *base, flexspi_edma_handle_t *handle,
flexspi_transfer._t *xfer)

Transfers FLEXSPI data using an eDMA non-blocking method.

This function writes/receives data to/from the FLEXSPI transmit/receive FIFO. This function
is non-blocking.

Parameters
* base — FLEXSPI peripheral base address.
* handle — Pointer to flexspi_edma_handle_t structure
* xfer — FLEXSPI transfer structure.
Return values
* kStatus. FLEXSPI Busy — FLEXSPI is busy transfer.

* kStatus_ InvalidArgument — The watermark configuration is invalid, the wa-
termark should be power of 2 to do successfully EDMA transfer.

* kStatus_ Success — FLEXSPI successfully start edma transfer.

void FLEXSPI_ TransferAbortEDMA (FLEXSPI_Type *base, flexspi_edma_handle_t *handle)
Aborts the transfer data using eDMA.

This function aborts the transfer data using eDMA.
Parameters
* base — FLEXSPI peripheral base address.
* handle — Pointer to flexspi_edma_handle_t structure

status_t FLEXSPI_ TransferGet TransferCountEDMA (FLEXSPI_Type *base, flexspi_edma_handle_t
*handle, size_t *count)

Gets the transferred counts of transfer.
Parameters
* base — FLEXSPI peripheral base address.
* handle — Pointer to flexspi_edma_handle_t structure.
* count — Bytes transfer.
Return values
* kStatus_ Success — Succeed get the transfer count.

* kStatus_ NoTransferInProgress — There is not a non-blocking transaction cur-
rently in progress.

FSL FLEXSPI EDMA_DRIVER_VERSION
FLEXSPI EDMA driver version.

FLEXSPI EDMA driver.
FSL_ FLEXSPI EDMA_ DRIVER_VERSION
FLEXSPI EDMA driver.
enum _ flexspi_edma_ ntransfer_size
eDMA transfer configuration
Values:

enumerator kFLEXPSI__EDMAnSizelBytes
Source/Destination data transfer size is 1 byte every time
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enumerator kFLEXPSI_ EDMAnSize2Bytes
Source/Destination data transfer size is 2 bytes every time

enumerator kFLEXPSI_ EDMAnSize4Bytes
Source/Destination data transfer size is 4 bytes every time
enumerator kFLEXPSI_ EDMAnSize8Bytes
Source/Destination data transfer size is 8 bytes every time
enumerator kFLEXPSI_ EDMAnSize32Bytes
Source/Destination data transfer size is 32 bytes every time
enum _flexspi__edma_ ntransfer_size
eDMA transfer configuration
Values:
enumerator kFLEXPSI__ EDMAnSizelBytes
Source/Destination data transfer size is 1 byte every time
enumerator kFLEXPSI_ EDMAnSize2Bytes
Source/Destination data transfer size is 2 bytes every time
enumerator kFLEXPSI_ EDMAnSize4Bytes
Source/Destination data transfer size is 4 bytes every time
enumerator kFLEXPSI_EDMAnSize8Bytes
Source/Destination data transfer size is 8 bytes every time
enumerator kFLEXPSI_ EDMAnSize32Bytes
Source/Destination data transfer size is 32 bytes every time
typedef struct _flexspi_edma_handle flexspi_edma_ handle_t
typedef void (*flexspi_edma_ callback t)(FLEXSPI_Type *base, flexspi edma_handle_t *handle,
status_t status, void *userData)
FLEXSPI eDMA transfer callback function for finish and error.
typedef enum _flexspi_edma_ntransfer_size flexspi_edma_ transfer nsize t
eDMA transfer configuration
typedef struct _flexspi_edma_handle flexspi_edma_ handle_t
typedef void (*flexspi_edma_ callback_t)(FLEXSPI_Type *base, flexspi edma_handle_t *handle,
status_t status, void *userData)
FLEXSPI eDMA transfer callback function for finish and error.
typedef enum _flexspi_edma_ntransfer_size flexspi_edma_ transfer nsize t
eDMA transfer configuration

struct _flexspi_edma_ handle

#include <fsl_flexspi_edma.h> FLEXSPI DMA transfer handle, users should not touch the con-
tent of the handle.

Public Members

edma_handle_t *txDmaHandle
eDMA handler for FLEXSPI Tx.

edma_handle_t *rxDmaHandle
eDMA handler for FLEXSPI Rx.
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size_t transferSize
Bytes need to transfer.
flexspi_edma_transfer_nsize_t nsize
eDMA SSIZE/DSIZE in each transfer.

uint8_t nbytes
eDMA minor byte transfer count initially configured.

uint8 t count
The transfer data count in a DMA request.

uint32_t state
Internal state for FLEXSPI eDMA transfer.

flexspi_edma_callback_t completionCallback
A callback function called after the eDMA transfer is finished.

void *userData
User callback parameter

2.22 13C:13C Driver

FSL_13C_DRIVER VERSION

I13C driver version.

I3C status return codes.
Values:

enumerator kStatus_ I13C_ Busy
The master is already performing a transfer.

enumerator kStatus_I3C_Idle
The slave driver is idle.

enumerator kStatus_I3C_ Nak
The slave device sent a NAK in response to an address.

enumerator kStatus_I3C_ WriteAbort
The slave device sent a NAK in response to a write.

enumerator kStatus_I3C_ Term
The master terminates slave read.

enumerator kStatus_ I3C_ HdrParityError
Parity error from DDR read.

enumerator kStatus I3C CrcError
CRC error from DDR read.

enumerator kStatus I3C_ReadFifoError
Read from M/SRDATAB register when FIFO empty.

enumerator kStatus 13C_ WriteFifoError
Write to M/SWDATAB register when FIFO full.

enumerator kStatus_ I13C_ MsgError
Message SDR/DDR mismatch or read/write message in wrong state
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enumerator kStatus_ I3C_ InvalidReq
Invalid use of request.

enumerator kStatus I3C_Timeout
The module has stalled too long in a frame.

enumerator kStatus_ I3C__SlaveCountExceed
The I3C slave count has exceed the definition in I3C_MAX _DEVCNT.

enumerator kStatus_I3C_IBIWon
The I3C slave event IBI or MR or H] won the arbitration on a header address.

enumerator kStatus 13C_ OverrunError
Slave internal from-bus buffer/FIFO overrun.

enumerator kStatus I3C UnderrunError
Slave internal to-bus buffer/FIFO underrun

enumerator kStatus_ I3C_UnderrunNak
Slave internal from-bus buffer/FIFO underrun and NACK error

enumerator kStatus_I13C_ InvalidStart
Slave invalid start flag

enumerator kStatus_ I3C__SdrParityError
SDR parity error

enumerator kStatus I3C_SO0S1Error
SO or S1 error

enum _i3c_hdr mode
I3C HDR modes.

Values:
enumerator kI3C__ HDRModeNone

enumerator kI3C_HDRModeDDR

enumerator kI3C__HDRModeTSP

enumerator kI3C__HDRModeTSL
typedef enum _i3c_hdr_mode i3c_hdr_mode_t

I3C HDR modes.

typedef struct _i3c_device_info i3c_ device_info_t
I3C device information.

I3C_RETRY_ TIMES
Max loops to wait for I13C operation status complete.

This is the maximum number of loops to wait for I3C operation status complete. If set to 0,
it will wait indefinitely.

13C_MAX_DEVCNT
13C_IBI_BUFF_SIZE

struct i3c_ device info
#include <fsl_i3c.h> 13C device information.
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Public Members
uint8_t dynamicAddr
Device dynamic address.

uint8_t staticAddr
Static address.

uint8_t der
Device characteristics register information.

uint8_t ber
Bus characteristics register information.

uint16_t vendorID
Device vendor ID(manufacture ID).

uint32_t partNumber
Device part number info

uint16_t maxReadLength
Maximum read length.

uint16_t maxWriteLength
Maximum write length.

uint8_t hdrMode
Support hdr mode, could be OR logic in i3c_hdr_mode.

2.23 1I3C Common Driver

typedef struct _i3c_config i3c_ config_t

Structure with settings to initialize the I3C module, could both initialize master and slave
functionality.

This structure holds configuration settings for the I3C peripheral. To initialize this structure
to reasonable defaults, call the I3C_GetDefaultConfig() function and pass a pointer to your
configuration structure instance.

The configuration structure can be made constant so it resides in flash.

uint32_t 13C_ GetInstance(I3C_Type *base)
Get which instance current I3C is used.

Parameters
* base — The I3C peripheral base address.

void I13C__GetDefaultConfig(i3c_config_t *config)

Provides a default configuration for the I3C peripheral, the configuration covers both mas-
ter functionality and slave functionality.

This function provides the following default configuration for I3C:

config->enableMaster = kI3C__MasterCapable;
config->disableTimeout = false;

config->hKeep = kI3C_ MasterHighKeeperNone;
config->enableOpenDrainStop = true;
config->enableOpenDrainHigh = true;
config->baudRate_Hz.i2cBaud = 400000U;

config->baudRate_ Hz.i3cPushPullBaud = 12500000U;
(continues on next page)
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(continued from previous page)

config->baudRate_ Hz.i3cOpenDrainBaud = 2500000U;
config->masterDynamicAddress = 0x0AU;
config->slowClock_Hz = 1000000U;
config->enableSlave = true;
config->vendorID = 0x11BU;
config->enableRandomPart = false;
config->partNumber = (x

config->dcr = (03

config->ber = 0;

config->hdrMode = (uint8_t)kI3C_HDRModeDDR,;
config->nakAllRequest = false;
config->ignoreSOS1Error = false;

config->offline = false;
config->matchSlaveStartStop = false;

After calling this function, you can override any settings in order to customize the configu-
ration, prior to initializing the common I3C driver with I3C_Init().
Parameters

* config— [out] User provided configuration structure for default values. Re-
fer to i3c_config_t.
void I3C_ Init(I3C_Type *base, const i3c_config_t *config, uint32_t sourceClock_Hz)

Initializes the I3C peripheral. This function enables the peripheral clock and initializes the
I3C peripheral as described by the user provided configuration. This will initialize both the
master peripheral and slave peripheral so that I3C module could work as pure master, pure
slave or secondary master, etc. A software reset is performed prior to configuration.

Parameters
* base — The I3C peripheral base address.

* config — User provided peripheral -configuration. Use
I3C_GetDefaultConfig() to get a set of defaults that you can override.

* sourceClock_Hz — Frequency in Hertz of the I3C functional clock. Used to
calculate the baud rate divisors, filter widths, and timeout periods.

struct _i3c_ config

#include <fsl_i3c.h> Structure with settings to initialize the I3C module, could both initialize
master and slave functionality.

This structure holds configuration settings for the I3C peripheral. To initialize this structure
to reasonable defaults, call the I3C_GetDefaultConfig() function and pass a pointer to your
configuration structure instance.

The configuration structure can be made constant so it resides in flash.

Public Members
i3c_master_enable_t enableMaster
Enable master mode.

bool disableTimeout

Whether to disable timeout to prevent the ERRWARN.
i3c_master_hkeep_t hKeep

High keeper mode setting.

bool enableOpenDrainStop
Whether to emit open-drain speed STOP.
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bool enableOpenDrainHigh
Enable Open-Drain High to be 1 PPBAUD count for i3c messages, or 1 ODBAUD.
i3c_baudrate_hz_t baudRate_ Hz
Desired baud rate settings.
uint8_t masterDynamicAddress
Main master dynamic address configuration.
uint32_t slowClock Hz
Slow clock frequency for time control.
uint32_t maxWriteLength
Maximum write length.
uint32_t maxReadLength
Maximum read length.
bool enableSlave
Whether to enable slave.
bool isHotJoin
Whether to enable slave hotjoin before enable slave.
uint8_t staticAddr
Static address.
uint16_t vendorID
Device vendor ID(manufacture ID).

bool enableRandomPart

Whether to generate random part number; if using random part number, the part-
Number variable setting is meaningless.

uint32_t partNumber

Device part number info
uint8_t der

Device characteristics register information.
uint8_t ber

Bus characteristics register information.
uint8_t hdrMode

Support hdr mode, could be OR logic in enumeration:i3c_hdr_mode_t.
bool nakAllRequest

Whether to reply NAK to all requests except broadcast CCC.
bool ignoreS0S1Error

Whether to ignore S0/S1 error in SDR mode.

bool offline

Whether to wait 60 us of bus quiet or HDR request to ensure slave track SDR mode
safely.

bool matchSlaveStartStop
Whether to assert start/stop status only the time slave is addressed.
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2.24 13C Master Driver

void I3C_ MasterGetDefaultConfig(i3¢_master_config_t *masterConfig)
Provides a default configuration for the I3C master peripheral.

This function provides the following default configuration for the I3C master peripheral:

masterConfig->enableMaster = kI3C_ MasterOn;
masterConfig->disableTimeout = false;

masterConfig->hKeep = kI3C_ MasterHighKeeperNone;
masterConfig- >enableOpenDrainStop = true;

masterConfig- >enableOpenDrainHigh = true;

masterConfig- >baudRate_ Hz = 100000U;

masterConfig- >busType = kI3C_ Typel2C;

After calling this function, you can override any settings in order to customize the configu-
ration, prior to initializing the master driver with I3C_MasterInit().

Parameters

» masterConfig — [out] User provided configuration structure for default val-
ues. Refer to i3c_master_config_t.

void I13C_ MasterInit(I3C_Type *base, const i3c_master_config_t *masterConfig, uint32_t
sourceClock_Hz)

Initializes the I3C master peripheral.

This function enables the peripheral clock and initializes the I3C master peripheral as de-
scribed by the user provided configuration. A software reset is performed prior to config-
uration.

Parameters

* base — The I3C peripheral base address.

* masterConfig - User provided peripheral configuration. Use
I3C_MasterGetDefaultConfig() to get a set of defaults that you can
override.

* sourceClock_Hz — Frequency in Hertz of the I3C functional clock. Used to
calculate the baud rate divisors, filter widths, and timeout periods.

void I3C_ MasterDeinit(I3C_Type *base)
Deinitializes the I3C master peripheral.

This function disables the I3C master peripheral and gates the clock. It also performs a
software reset to restore the peripheral to reset conditions.

Parameters
* base — The I3C peripheral base address.
status_t 13C_ MasterCheckAndClearError (I3C_Type *base, uint32_t status)

status_t 13C_ MasterWaitForCtrlDone(I3C_Type *base, bool waitldle)
status_t 13C__ CheckForBusyBus(I3C_Type *base)

static inline void 13C_ MasterEnable(I3C_Type *base, i3c_master_enable_t enable)
Set I3C module master mode.
Parameters
* base — The I3C peripheral base address.

* enable — Enable master mode.

2.24. 13C Master Driver 361



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

void 13C__SlaveGetDefaultConfig(i3c_slave_config t *slaveConfig)
Provides a default configuration for the I3C slave peripheral.

This function provides the following default configuration for the I3C slave peripheral:
slaveConfig- >enableslave = true;
After calling this function, you can override any settings in order to customize the configu-
ration, prior to initializing the slave driver with I13C_Slavelnit().

Parameters

* slaveConfig — [out] User provided configuration structure for default val-
ues. Refer to i3c_slave_config_t.

void I3C_ Slavelnit(I3C_Type *base, const i3c_slave_config_t *slaveConfig, uint32_t
slowClock_Hz)

Initializes the I3C slave peripheral.

This function enables the peripheral clock and initializes the I3C slave peripheral as de-
scribed by the user provided configuration.

Parameters

* base — The I3C peripheral base address.

* slaveConfig - User provided peripheral configuration. Use
I3C_SlaveGetDefaultConfig() to get a set of defaults that you can override.
* slowClock._Hz - Frequency in Hertz of the I3C slow clock.
Used to calculate the bus match condition values. If

FSL_FEATURE_I3C_HAS_NO_SCONFIG_BAMATCH defines as 1, this
parameter is useless.

void I3C_ SlaveDeinit(I3C_Type *base)
Deinitializes the I3C slave peripheral.

This function disables the I3C slave peripheral and gates the clock.
Parameters
* base — The I3C peripheral base address.

static inline void I3C_ SlaveEnable(I3C_Type *base, bool isEnable)
Enable/Disable Slave.

Parameters
* base — The I3C peripheral base address.
* isEnable — Enable or disable.

static inline uint32_t I3C_ MasterGetStatusFlags(I3C_Type *base)
Gets the I3C master status flags.

A bit mask with the state of all I3C master status flags is returned. For each flag, the corre-
sponding bit in the return value is set if the flag is asserted.

See also:

_i3c_master_flags

Parameters

* base — The I3C peripheral base address.
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Returns
State of the status flags:

* 1: related status flag is set.
* 0: related status flag is not set.

static inline void 13C_ MasterClearStatusFlags(I3C_Type *base, uint32_t statusMask)
Clears the I3C master status flag state.

The following status register flags can be cleared:
* kI3C_MasterSlaveStartFlag
» kI3C_MasterControlDoneFlag
» kI3C_MasterCompleteFlag
* kI3C_MasterArbitrationWonFlag
» kI3C_MasterSlave2MasterFlag

Attempts to clear other flags has no effect.

See also:

_i3c_master_flags.

Parameters
* base — The I3C peripheral base address.

* statusMask — A bitmask of status flags that are to be cleared. The mask is
composed of _i3c_master_flags enumerators OR’d together. You may pass
the result of a previous call to I3C_MasterGetStatusFlags().

static inline uint32_t I3C_ MasterGetErrorStatusFlags(I3C_Type *base)
Gets the I3C master error status flags.

A bit mask with the state of all I3C master error status flags is returned. For each flag, the
corresponding bit in the return value is set if the flag is asserted.

See also:

_i3c_master_error_flags

Parameters

* base — The I3C peripheral base address.

Returns
State of the error status flags:

* 1: related status flag is set.
* 0: related status flag is not set.

static inline void 13C_ MasterClearErrorStatusFlags(I3C_Type *base, uint32_t statusMask)
Clears the I3C master error status flag state.

See also:

_i3c_master_error_flags.

Parameters
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* base — The I3C peripheral base address.

* statusMask — A bitmask of error status flags that are to be cleared. The
mask is composed of _i3c_master_error_flags enumerators OR’d together.
You may pass the result of a previous call to I3C_MasterGetStatusFlags().

i3c_master_state_t 13C_ MasterGetState(I3C_Type *base)
Gets the I3C master state.

Parameters

* base — The I3C peripheral base address.

Returns
I3C master state.

static inline uint32_t I3C__SlaveGetStatusFlags(I3C_Type *base)
Gets the I3C slave status flags.

A bit mask with the state of all I3C slave status flags is returned. For each flag, the corre-
sponding bit in the return value is set if the flag is asserted.

See also:

_i3c_slave_flags

Parameters

* base — The I3C peripheral base address.

Returns
State of the status flags:

* 1: related status flag is set.
* 0: related status flag is not set.

static inline void 13C_ SlaveClearStatusFlags(I3C_Type *base, uint32_t statusMask)
Clears the I3C slave status flag state.

The following status register flags can be cleared:
» kI3C_SlaveBusStartFlag
» kI3C_SlaveMatchedFlag
» kI3C_SlaveBusStopFlag

Attempts to clear other flags has no effect.

See also:

_i3c_slave_flags.

Parameters
* base — The I3C peripheral base address.

* statusMask — A bitmask of status flags that are to be cleared. The mask is
composed of _i3c_slave_flags enumerators OR’d together. You may pass
the result of a previous call to I3C_SlaveGetStatusFlags().
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static inline uint32_t 13C__SlaveGetErrorStatusFlags(I3C_Type *base)
Gets the I3C slave error status flags.

A bit mask with the state of all I3C slave error status flags is returned. For each flag, the
corresponding bit in the return value is set if the flag is asserted.

See also:

_i3c_slave_error_flags

Parameters
* base — The I3C peripheral base address.

Returns
State of the error status flags:

* 1: related status flag is set.
* 0: related status flag is not set.

static inline void I13C__SlaveClearErrorStatusFlags(I3C_Type *base, uint32_t statusMask)
Clears the I3C slave error status flag state.

See also:

_i3c_slave_error_flags.

Parameters
* base — The I3C peripheral base address.

* statusMask — A bitmask of error status flags that are to be cleared. The mask
is composed of _i3c_slave_error_flags enumerators OR’d together. You may
pass the result of a previous call to I3C_SlaveGetErrorStatusFlags(.

i3c_slave_activity_state_t 13C_ SlaveGetActivityState(I3C_Type *base)
Gets the I3C slave state.

Parameters
* base — The I3C peripheral base address.

Returns
I3C slave activity state, refer i3c_slave_activity_state_t.

status_t 13C__SlaveCheckAndClearError(I3C_Type *base, uint32_t status)
static inline void 13C_ MasterEnableInterrupts(I3C_Type *base, uint32_t interruptMask)
Enables the I3C master interrupt requests.

All flags except kKI3C_MasterBetweenFlag and kI3C_MasterNackDetectFlag can be enabled
as interrupts.

Parameters
* base — The I3C peripheral base address.

* interruptMask — Bit mask of interrupts to enable. See _i3c_master_flags for
the set of constants that should be OR’d together to form the bit mask.

static inline void I3C_ MasterDisableInterrupts(I3C_Type *base, uint32_t interruptMask)
Disables the I3C master interrupt requests.

All flags except kI3C_MasterBetweenFlag and kI3C_MasterNackDetectFlag can be enabled
as interrupts.
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Parameters
* base — The I3C peripheral base address.

* interruptMask — Bit mask of interrupts to disable. See _i3c_master_flags for
the set of constants that should be OR’d together to form the bit mask.

static inline uint32_t I3C_ MasterGetEnabledInterrupts(I3C_Type *base)
Returns the set of currently enabled I3C master interrupt requests.

Parameters
* base — The I3C peripheral base address.

Returns
A bitmask composed of _i3c_master_flags enumerators OR’d together to indi-
cate the set of enabled interrupts.

static inline uint32_t I3C_ MasterGetPendingInterrupts(I3C_Type *base)
Returns the set of pending I3C master interrupt requests.

Parameters
* base — The I3C peripheral base address.

Returns
A bitmask composed of _i3c_master_flags enumerators OR’d together to indi-
cate the set of pending interrupts.

static inline void I13C_ SlaveEnableInterrupts(I3C_Type *base, uint32_t interruptMask)
Enables the I3C slave interrupt requests.

Only below flags can be enabled as interrupts.

» kI3C_SlaveBusStartFlag

* kI3C_SlaveMatchedFlag

» kI3C_SlaveBusStopFlag

» kI3C_SlaveRxReadyFlag
kI3C_SlaveTxReadyFlag
kI3C_SlaveDynamicAddrChangedFlag
kI3C_SlaveReceivedCCCFlag
kI3C_SlaveErrorFlag
kI3C_SlaveHDRCommandMatchFlag
kI3C_SlaveCCCHandledFlag
kI3C_SlaveEventSentFlag

Parameters
* base — The I3C peripheral base address.

* interruptMask — Bit mask of interrupts to enable. See _i3c_slave_flags for
the set of constants that should be OR’d together to form the bit mask.

static inline void I13C__SlaveDisableInterrupts(I3C_Type *base, uint32_t interruptMask)
Disables the I3C slave interrupt requests.

Only below flags can be disabled as interrupts.
» kI3C_SlaveBusStartFlag
» kI3C_SlaveMatchedFlag
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kI3C_SlaveBusStopFlag
kI3C_SlaveRxReadyFlag
kI3C_SlaveTxReadyFlag
kI3C_SlaveDynamicAddrChangedFlag
KI3C_SlaveReceivedCCCFlag
kI3C_SlaveErrorFlag
kI3C_SlaveHDRCommandMatchFlag
kI3C_SlaveCCCHandledFlag
kI3C_SlaveEventSentFlag

Parameters
* base — The I3C peripheral base address.

¢ interruptMask — Bit mask of interrupts to disable. See _i3c_slave_flags for
the set of constants that should be OR’d together to form the bit mask.

static inline uint32_t I3C__ SlaveGetEnabledInterrupts(I3C_Type *base)
Returns the set of currently enabled I3C slave interrupt requests.

Parameters
* base — The I3C peripheral base address.

Returns
A bitmask composed of _i3c_slave_flags enumerators OR’d together to indicate
the set of enabled interrupts.

static inline uint32_t I3C_ SlaveGetPendingInterrupts(I3C_Type *base)
Returns the set of pending 13C slave interrupt requests.

Parameters
* base — The I3C peripheral base address.

Returns
A bitmask composed of _i3c_slave_flags enumerators OR’d together to indicate
the set of pending interrupts.

static inline void 13C_ MasterEnableDMA (I3C_Type *base, bool enableTx, bool enableRx,
uint32_t width)

Enables or disables I3C master DMA requests.
Parameters
* base — The I3C peripheral base address.

* enableTx —Enable flag for transmit DMA request. Pass true for enable, false
for disable.

* enableRx — Enable flag for receive DMA request. Pass true for enable, false
for disable.

* width — DMA read/write unit in bytes.

static inline uint32_t I3C_ MasterGet TxFifoAddress(I3C_Type *base, uint32_t width)
Gets I3C master transmit data register address for DMA transfer.

Parameters
* base — The I3C peripheral base address.
* width - DMA read/write unit in bytes.
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Returns
The I3C Master Transmit Data Register address.

static inline uint32_t 13C_ MasterGetRxFifoAddress(I3C_Type *base, uint32_t width)
Gets I3C master receive data register address for DMA transfer.

Parameters
* base — The I3C peripheral base address.
* width — DMA read/write unit in bytes.

Returns
The I3C Master Receive Data Register address.

static inline void I13C_ SlaveEnableDMA (I3C_Type *base, bool enableTx, bool enableRx, uint32_t
width)

Enables or disables I3C slave DMA requests.
Parameters
* base — The I3C peripheral base address.

* enableTx — Enable flag for transmit DMA request. Pass true for enable, false
for disable.

* enableRx — Enable flag for receive DMA request. Pass true for enable, false
for disable.

» width - DMA read/write unit in bytes.

static inline uint32_t I3C_ SlaveGetTxFifoAddress(I3C_Type *base, uint32_t width)
Gets I3C slave transmit data register address for DMA transfer.

Parameters
* base — The I3C peripheral base address.
* width — DMA read/write unit in bytes.

Returns
The I3C Slave Transmit Data Register address.

static inline uint32_t I3C_ SlaveGetRxFifoAddress(I3C_Type *base, uint32_t width)
Gets I3C slave receive data register address for DMA transfer.

Parameters
* base — The I3C peripheral base address.
* width —- DMA read/write unit in bytes.

Returns
The I3C Slave Receive Data Register address.

static inline void I3C_ MasterSetWatermarks(I3C_Type *base, i3c_tx_trigger_level t txLvl,
i3c_rx_trigger_level t rxLvl, bool flushTx, bool
flushRx)

Sets the watermarks for I3C master FIFOs.
Parameters
* base — The I3C peripheral base address.

¢ txLvl-Transmit FIFO watermark level. The kI3C_MasterTxReadyFlag flag
is set whenever the number of words in the transmit FIFO reaches txLvl.

* rxLvl — Receive FIFO watermark level. The kI3C_MasterRxReadyFlag flag
is set whenever the number of words in the receive FIFO reaches rxLvl.
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» flushTx — true if TX FIFO is to be cleared, otherwise TX FIFO remains un-
changed.

» flushRx — true if RX FIFO is to be cleared, otherwise RX FIFO remains un-
changed.

static inline void I13C_ MasterGetFifoCounts(I3C_Type *base, size_t *rxCount, size_t *txCount)
Gets the current number of bytes in the I3C master FIFOs.

Parameters
* base — The I3C peripheral base address.

* txCount — [out] Pointer through which the current number of bytes in the
transmit FIFO is returned. Pass NULL if this value is not required.

* rxCount — [out] Pointer through which the current number of bytes in the
receive FIFO is returned. Pass NULL if this value is not required.

static inline void I3C_ SlaveSet Watermarks(I3C_Type *base, i3c_tx_trigger_level t txLvl,
i3c_rx_trigger_level t rxLvl, bool flushTx, bool
flushRx)

Sets the watermarks for I3C slave FIFOs.
Parameters
* base — The I3C peripheral base address.

¢ txLvl — Transmit FIFO watermark level. The kI3C_SlaveTxReadyFlag flag
is set whenever the number of words in the transmit FIFO reaches txLvl.

* rxLvl — Receive FIFO watermark level. The kI3C_SlaveRxReadyFlag flag is
set whenever the number of words in the receive FIFO reaches rxLvl.

e flushTx — true if TX FIFO is to be cleared, otherwise TX FIFO remains un-
changed.

* flushRx — true if RX FIFO is to be cleared, otherwise RX FIFO remains un-
changed.

static inline void 13C__SlaveGetFifoCounts(I3C_Type *base, size_t *rxCount, size_t *txCount)
Gets the current number of bytes in the I3C slave FIFOs.

Parameters
* base — The I3C peripheral base address.

* txCount — [out] Pointer through which the current number of bytes in the
transmit FIFO is returned. Pass NULL if this value is not required.

¢ rxCount — [out] Pointer through which the current number of bytes in the
receive FIFO is returned. Pass NULL if this value is not required.

void I3C_ MasterSetBaudRate(I3C_Type *base, const i3¢c_baudrate_hz_t *baudRate_Hz, uint32_t
sourceClock_Hz)

Sets the I3C bus frequency for master transactions.

The I3C master is automatically disabled and re-enabled as necessary to configure the baud
rate. Do not call this function during a transfer, or the transfer is aborted.

Parameters
* base — The I3C peripheral base address.
* baudRate_Hz — Pointer to structure of requested bus frequency in Hertz.

* sourceClock_ Hz —I3C functional clock frequency in Hertz.
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static inline bool I3C_ MasterGetBusIdleState(I3C_Type *base)
Returns whether the bus is idle.

Requires the master mode to be enabled.
Parameters
* base — The I3C peripheral base address.
Return values
* true — Bus is busy.
o false — Bus is idle.

status_t 13C_ MasterStart WithRxSize(I3C_Type *base, i3¢_bus_type_t type, uint8_t address,
i3c_direction_t dir, uint8_t rxSize)

Sends a START signal and slave address on the I2C/I3C bus, receive size is also specified in
the call.

This function is used to initiate a new master mode transfer. First, the bus state is checked
to ensure that another master is not occupying the bus. Then a START signal is transmitted,
followed by the 7-bit address specified in the a address parameter. Note that this function
does not actually wait until the START and address are successfully sent on the bus before
returning.

Parameters
* base — The I3C peripheral base address.
* type — The bus type to use in this transaction.
* address — 7-bit slave device address, in bits [6:0].

¢ dir — Master transfer direction, either kI3C_Read or kI3C_Write. This pa-
rameter is used to set the R/w bit (bit 0) in the transmitted slave address.

* rxSize — Read terminate size for the followed read transfer, limit to 255
bytes.

Return values

* kStatus_ Success — START signal and address were successfully enqueued in
the transmit FIFO.

* kStatus_I3C_ Busy — Another master is currently utilizing the bus.

status_t 13C_ MasterStart(I3C_Type *base, i3¢_bus_type_t type, uint8_t address, i3c_direction_t
dir)
Sends a START signal and slave address on the 12C/I3C bus.

This function is used to initiate a new master mode transfer. First, the bus state is checked
to ensure that another master is not occupying the bus. Then a START signal is transmitted,
followed by the 7-bit address specified in the address parameter. Note that this function
does not actually wait until the START and address are successfully sent on the bus before
returning.

Parameters
* base — The I3C peripheral base address.
* type — The bus type to use in this transaction.
* address — 7-bit slave device address, in bits [6:0].

¢ dir — Master transfer direction, either kI3C_Read or kI3C_Write. This pa-
rameter is used to set the R/w bit (bit 0) in the transmitted slave address.

Return values
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* kStatus_ Success — START signal and address were successfully enqueued in
the transmit FIFO.

* kStatus_I3C_Busy — Another master is currently utilizing the bus.

status_t 13C_ MasterRepeatedStart WithRxSize(I3C_Type *base, i3c_bus_type_t type, uint8_t
address, i3c_direction_t dir, uint8_t rxSize)

Sends a repeated START signal and slave address on the I12C/I3C bus, receive size is also
specified in the call.

This function is used to send a Repeated START signal when a transfer is already in progress.
Like I3C_MasterStart(), it also sends the specified 7-bit address. Call this API also configures
the read terminate size for the following read transfer. For example, set the rxSize = 2, the
following read transfer will be terminated after two bytes of data received. Write transfer
will not be affected by the rxSize configuration.

Note: This function exists primarily to maintain compatible APIs between I3C and 12C
drivers, as well as to better document the intent of code that uses these APIs.

Parameters
* base — The I3C peripheral base address.
* type — The bus type to use in this transaction.
* address — 7-bit slave device address, in bits [6:0].

¢ dir — Master transfer direction, either kI3C_Read or kI3C_Write. This pa-
rameter is used to set the R/w bit (bit 0) in the transmitted slave address.

* rxSize — Read terminate size for the followed read transfer, limit to 255
bytes.

Return values
kStatus_Success — Repeated START signal and address were successfully en-
queued in the transmit FIFO.

static inline status_t 13C_ MasterRepeatedStart(I3C_Type *base, i3c_bus_type_t type, uint8_t
address, i3c_direction_t dir)

Sends a repeated START signal and slave address on the 12C/I3C bus.

This function is used to send a Repeated START signal when a transfer is already in progress.
Like I3C_MasterStart(), it also sends the specified 7-bit address.

Note: This function exists primarily to maintain compatible APIs between I3C and 12C
drivers, as well as to better document the intent of code that uses these APIs.

Parameters
* base — The I3C peripheral base address.
* type — The bus type to use in this transaction.
* address — 7-bit slave device address, in bits [6:0].

¢ dir — Master transfer direction, either kI3C_Read or kI3C_Write. This pa-
rameter is used to set the R/w bit (bit 0) in the transmitted slave address.

Return values
kStatus_ Success — Repeated START signal and address were successfully en-
queued in the transmit FIFO.

2.24. 13C Master Driver 371



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

status_t 13C__MasterSend(I3C_Type *base, const void *txBuff, size_t txSize, uint32_t flags)
Performs a polling send transfer on the I12C/I3C bus.

Sends up to txSize number of bytes to the previously addressed slave device. The slave may
reply with a NAK to any byte in order to terminate the transfer early. If this happens, this
function returns kStatus_I3C_Nak.

Parameters
* base — The I3C peripheral base address.
* txBuff — The pointer to the data to be transferred.
* txSize — The length in bytes of the data to be transferred.

» flags — Bit mask of options for the transfer. See enumeration
_i3c_master_transfer_flags for available options.

Return values
* kStatus_ Success — Data was sent successfully.
* kStatus_ I3C_ Busy — Another master is currently utilizing the bus.
* kStatus_I3C_Timeout — The module has stalled too long in a frame.
* kStatus_I3C_ Nak — The slave device sent a NAK in response to an address.

* kStatus_I3C_ WriteAbort — The slave device sent a NAK in response to a
write.

* kStatus_ I3C_ MsgError — Message SDR/DDR mismatch or read/write mes-
sage in wrong state.

* kStatus_ I3C_ WriteFifoError — Write to M/SWDATAB register when FIFO
full.

* kStatus_ I3C_ InvalidReq — Invalid use of request.

status_t 13C_ MasterReceive(I3C_Type *base, void *rxBuff, size_t rxSize, uint32_t flags)
Performs a polling receive transfer on the 12C/I3C bus.

Parameters
* base — The I3C peripheral base address.
 rxBuff — The pointer to the data to be transferred.
* rxSize — The length in bytes of the data to be transferred.

» flags — Bit mask of options for the transfer. See enumeration
_i3c_master_transfer_flags for available options.

Return values
* kStatus_ Success — Data was received successfully.
* kStatus_I3C_Busy — Another master is currently utilizing the bus.
* kStatus_I3C_ Timeout — The module has stalled too long in a frame.
* kStatus_I3C_ Term — The master terminates slave read.
* kStatus_I3C_HdrParityError — Parity error from DDR read.
* kStatus I3C CrcError — CRC error from DDR read.

* kStatus_I3C_MsgError — Message SDR/DDR mismatch or read/write mes-
sage in wrong state.

* kStatus_I3C_ReadFifoError — Read from M/SRDATAB register when FIFO
empty.
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* kStatus_I3C_ InvalidReq — Invalid use of request.

status_t 13C_ MasterStop(I3C_Type *base)
Sends a STOP signal on the I12C/I3C bus.

This function does not return until the STOP signal is seen on the bus, or an error occurs.
Parameters
* base — The I3C peripheral base address.
Return values

* kStatus_ Success — The STOP signal was successfully sent on the bus and the
transaction terminated.

* kStatus_ I3C_ Busy — Another master is currently utilizing the bus.
* kStatus_I3C_Timeout — The module has stalled too long in a frame.
* kStatus_ I3C_ InvalidReq — Invalid use of request.

void I3C_ MasterEmitRequest(I3C_Type *base, i3c_bus_request_t masterReq)
I3C master emit request.

Parameters
* base — The I3C peripheral base address.
* masterReq — I3C master request of type i3c_bus_request_t

static inline void 13C_ MasterEmitIBIResponse(I3C_Type *base, i3¢_ibi_response_t ibiResponse)
I3C master emit request.

Parameters
* base — The I3C peripheral base address.
* ibiResponse — I3C master emit IBI response of type i3c_ibi_response_t

void I3C_ MasterRegisterIBI(I3C_Type *base, i3c_register_ibi_addr_t *ibiRule)
I3C master register IBI rule.

Parameters
* base — The I3C peripheral base address.
* ibiRule — Pointer to ibi rule description of type i3c_register_ibi_addr_t

void I13C_ MasterGetIBIRules(I3C_Type *base, i3c_register_ibi_addr_t *ibiRule)
I3C master get IBI rule.

Parameters
* base — The I3C peripheral base address.
* ibiRule — Pointer to store the read out ibi rule description.

i3c_ibi_type_t 13C__GetIBIType(I3C_Type *base)
I3C master get IBI Type.

Parameters
* base — The I3C peripheral base address.

Return values
i3c_ibi_type_t - Type of i3c_ibi_type_t.
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static inline uint8_t I13C_ GetIBIAddress(I3C_Type *base)
I3C master get IBI Address.

Parameters
* base — The I3C peripheral base address.

Return values
The — 8-bit IBI address.

status_t 13C_ MasterProcessDA ASpecifiedBaudrate(I3C_Type *base, uint8_t *addressList, uint32_t
count, i3c_master_daa_baudrate_t
*daaBaudRate)

Performs a DAA in the i3c bus with specified temporary baud rate.
Parameters
* base — The I3C peripheral base address.
* addressList — The pointer for address list which is used to do DAA.
* count — The address count in the address list.

* daaBaudRate — The temporary baud rate in DAA process, NULL for using
initial setting. The initial setting is set back between the completion of the
DAA and the return of this function.

Return values
* kStatus_ Success — The transaction was started successfully.

* kStatus_I3C_ Busy — Either another master is currently utilizing the bus,
or a non-blocking transaction is already in progress.

* kStatus I3C SlaveCountExceed — The I3C slave count has exceed the defi-
nition in I3C_MAX DEVCNT.

static inline status_t 13C_ MasterProcessDAA (I3C_Type *base, uint8_t *addressList, uint32_t
count)

Performs a DAA in the i3c bus.
Parameters
* base — The I3C peripheral base address.
* addressList — The pointer for address list which is used to do DAA.

* count — The address count in the address list. The initial setting is set back
between the completion of the DAA and the return of this function.

Return values
* kStatus_ Success — The transaction was started successfully.

* kStatus_I3C_Busy — Either another master is currently utilizing the bus,
or a non-blocking transaction is already in progress.

* kStatus I3C SlaveCountExceed — The I3C slave count has exceed the defi-
nition in I3C_MAX_DEVCNT.

i3¢_device_info_t *I13C_ MasterGetDeviceList After DA A (I3C_Type *base, uint8_t *count)
Get device information list after DAA process is done.

Parameters
* base — The I3C peripheral base address.
* count — [out] The pointer to store the available device count.

Returns
Pointer to the i3c_device_info_t array.
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void I3C_ MasterClearDeviceCount(I3C_Type *base)

Clear the global device count which represents current devices number on the bus. When
user resets all dynamic addresses on the bus, should call this API.

Parameters
* base — The I3C peripheral base address.

status_t 13C_ MasterTransferBlocking(I3C_Type *base, i3c_master_transfer_t *transfer)
Performs a master polling transfer on the 12C/I3C bus.

Note: The API does not return until the transfer succeeds or fails due to error happens
during transfer.

Parameters
* base — The I3C peripheral base address.
* transfer — Pointer to the transfer structure.
Return values
* kStatus_ Success — Data was received successfully.
* kStatus_ I3C_ Busy — Another master is currently utilizing the bus.

* kStatus_I3C_IBIWon — The I3C slave event IBI or MR or HJ won the arbi-
tration on a header address.

* kStatus_I3C_ Timeout — The module has stalled too long in a frame.
* kStatus_I3C_Nak — The slave device sent a NAK in response to an address.

* kStatus_ I3C_ WriteAbort — The slave device sent a NAK in response to a
write.

* kStatus I3C_ Term — The master terminates slave read.
* kStatus_ I3C_ HdrParityError — Parity error from DDR read.
* kStatus I3C CrcError — CRC error from DDR read.

* kStatus_I3C_ MsgError — Message SDR/DDR mismatch or read/write mes-
sage in wrong state.

* kStatus_I3C_ReadFifoError — Read from M/SRDATAB register when FIFO
empty.

* kStatus_ I3C_ WriteFifoError — Write to M/SWDATAB register when FIFO
full.

* kStatus_ I3C_ InvalidReq — Invalid use of request.

void I3C_ SlaveRequestEvent(I3C_Type *base, i3c_slave_event_t event)
I3C slave request event.

Parameters
* base — The I3C peripheral base address.
* event — I3C slave event of type i3c_slave_event _t

status_t 13C__SlaveSend(I3C_Type *base, const void *txBuff, size_t txSize)
Performs a polling send transfer on the I3C bus.

Parameters

* base — The I3C peripheral base address.
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* txBuff — The pointer to the data to be transferred.
* txSize — The length in bytes of the data to be transferred.

Returns
Error or success status returned by APIL.

status_t 13C__SlaveReceive(I3C_Type *base, void *rxBuff, size_t rxSize)
Performs a polling receive transfer on the I3C bus.

Parameters
* base — The I3C peripheral base address.
 rxBuff — The pointer to the data to be transferred.
» rxSize — The length in bytes of the data to be transferred.

Returns
Error or success status returned by API.

void I3C_ MasterTransferCreateHandle(I3C_Type *base, i3c_master_handle_t *handle, const
i3c_master_transfer_callback_t *callback, void *userData)

Creates a new handle for the I3C master non-blocking APIs.
The creation of a handle is for use with the non-blocking APIs. Once a handle is created,

there is not a corresponding destroy handle. If the user wants to terminate a transfer, the
I3C_MasterTransferAbort() API shall be called.

Note: The function also enables the NVIC IRQ for the input I3C. Need to notice that on some
SoCs the I3C IRQ is connected to INTMUX, in this case user needs to enable the associated
INTMUX IRQ in application.

Parameters
* base — The I3C peripheral base address.
* handle — [out] Pointer to the I3C master driver handle.
* callback — User provided pointer to the asynchronous callback function.
* userData — User provided pointer to the application callback data.

status_t 13C__MasterTransferNonBlocking(I3C_Type *base, i3c_master_handle_t *handle,
i3¢c_master_transfer_t *transfer)

Performs a non-blocking transaction on the 12C/I3C bus.
Parameters
* base — The I3C peripheral base address.
* handle — Pointer to the I3C master driver handle.
* transfer — The pointer to the transfer descriptor.
Return values
* kStatus_ Success — The transaction was started successfully.

* kStatus_ I3C_ Busy — Either another master is currently utilizing the bus,
or a non-blocking transaction is already in progress.

status_t 13C_ MasterTransferGetCount(I3C_Type *base, i3c_master_handle_t *handle, size_t
*count)

Returns number of bytes transferred so far.

Parameters
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* base — The I3C peripheral base address.
* handle — Pointer to the I3C master driver handle.

* count — [out] Number of bytes transferred so far by the non-blocking trans-
action.

Return values
e kStatus_ Success —

* kStatus_ NoTransferInProgress— There is not a non-blocking transaction cur-
rently in progress.

void I3C_ MasterTransferAbort(I3C_Type *base, i3c_master_handle_t *handle)
Terminates a non-blocking I3C master transmission early.

Note: Itisnot safe to call this function from an IRQ handler that has a higher priority than
the I3C peripheral’s IRQ priority.

Parameters
* base — The I3C peripheral base address.
* handle — Pointer to the I3C master driver handle.

void I3C_MasterTransferHandleIRQ(I3C_Type *base, void *intHandle)
Reusable routine to handle master interrupts.

Note: This function does not need to be called unless you are reimplementing the non-
blocking APT’s interrupt handler routines to add special functionality.

Parameters
* base — The I3C peripheral base address.
* intHandle — Pointer to the I3C master driver handle.

enum _i3c_master_ flags
I3C master peripheral flags.

The following status register flags can be cleared:
» kI3C_MasterSlaveStartFlag
kI3C_MasterControlDoneFlag

kI3C_MasterCompleteFlag
kI3C_MasterArbitrationWonFlag
KkI3C_MasterSlave2MasterFlag

All flags except kI3C_MasterBetweenFlag and kI3C_MasterNackDetectFlag can be enabled
as interrupts.

Note: These enums are meant to be OR’d together to form a bit mask.

Values:

enumerator kI3C_ MasterBetweenFlag
Between messages/DAAs flag
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enumerator kI3C_ MasterNackDetectFlag
NACK detected flag

enumerator kI3C_ MasterSlaveStartFlag
Slave request start flag

enumerator kI3C_ MasterControlDoneFlag
Master request complete flag

enumerator kI3C_ MasterCompleteFlag
Transfer complete flag

enumerator kI3C_ MasterRxReadyFlag
Rx data ready in Rx buffer flag

enumerator kI3C_ MasterTxReadyFlag
Tx buffer ready for Tx data flag

enumerator kI3C_ MasterArbitrationWonFlag
Header address won arbitration flag

enumerator kI3C_ MasterErrorFlag
Error occurred flag

enumerator kI3C_ MasterSlave2MasterFlag
Switch from slave to master flag

enumerator kI3C_ MasterClearFlags

enum 71307master7err0r7ﬂags
I3C master error flags to indicate the causes.

Note: These enums are meant to be OR’d together to form a bit mask.

Values:

enumerator kI3C_ MasterErrorNackFlag
Slave NACKed the last address

enumerator kI3C_MasterErrorWriteAbortFlag
Slave NACKed the write data

enumerator kI3C_ MasterErrorTermFlag
Master terminates slave read

enumerator kI3C_ MasterErrorParityFlag
Parity error from DDR read

enumerator kI3C_ MasterErrorCrcFlag
CRC error from DDR read

enumerator kI3C_ MasterErrorReadFlag
Read from MRDATAB register when FIFO empty

enumerator kI3C_ MasterErrorWriteFlag
Write to MWDATAB register when FIFO full

enumerator kI3C_ MasterErrorMsgFlag
Message SDR/DDR mismatch or read/write message in wrong state

enumerator kI3C_ MasterErrorInvalidReqFlag
Invalid use of request
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enumerator kI3C_ MasterErrorTimeoutFlag
The module has stalled too long in a frame

enumerator kI3C_ MasterAllErrorFlags
All error flags

enum _i3c_master state
I3C working master state.

Values:

enumerator kI3C_MasterStateldle
Bus stopped.

enumerator kI3C_ MasterStateSlvReq
Bus stopped but slave holding SDA low.

enumerator kI3C_ MasterStateMsgSdr

In SDR Message mode from using MWMSG_SDR.

enumerator kI3C_MasterStateNormAct
In normal active SDR mode.

enumerator kI3C_MasterStateDdr
In DDR Message mode.

enumerator kI3C_MasterStateDaa
In ENTDAA mode.

enumerator kI3C MasterStateIbiAck
Waiting on IBI ACK/NACK decision.

enumerator kI3C_MasterStateIbiRcv
Receiving IBL

enum _i3c_master enable
I3C master enable configuration.

Values:

enumerator kI3C_ MasterOff
Master off.

enumerator kI3C_MasterOn
Master on.

enumerator kI3C_ MasterCapable
Master capable.

enum _ i3c_ master_hkeep
I3C high keeper configuration.

Values:

enumerator kI3C_ MasterHighKeeperNone
Use PUR to hold SCL high.

enumerator kI3C_ MasterHighKeeperWiredIn
Use pin_HK controls.

enumerator kI3C_MasterPassiveSDA
Hi-Z for Bus Free and hold SDA.
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enumerator kI3C_ MasterPassiveSDASCL
Hi-Z both for Bus Free, and can Hi-Z SDA for hold.

enum _i3c_ bus_ request
Emits the requested operation when doing in pieces vs. by message.

Values:

enumerator kI3C_RequestNone
No request.

enumerator kI3C_ RequestEmitStart Addr
Request to emit start and address on bus.

enumerator kI3C_RequestEmitStop
Request to emit stop on bus.

enumerator kI3C_ RequestIbiAckNack
Manual IBI ACK or NACK.

enumerator kI3C_ RequestProcessDAA
Process DAA.

enumerator kI3C_ RequestForceExit
Request to force exit.

enumerator kI3C_ Request Autolbi
Hold in stopped state, but Auto-emit START,7E.

enum _i3c_ bus_ type
Bus type with EmitStartAddr.

Values:

enumerator kI3C_ Typel3CSdr
SDR mode of I3C.

enumerator kI3C_Typel2C
Standard i2c protocol.

enumerator kI3C_ Typel3CDdr
HDR-DDR mode of I3C.

enum _i3c_ibi_response
IBI response.

Values:

enumerator kI3C_ IbiRespAck
ACK with no mandatory byte.

enumerator kI3C_ IbiRespNack
NACK.

enumerator kI3C_ IbiRespAckMandatory
ACK with mandatory byte.

enumerator kI3C_ IbiRespManual
Reserved.

enum _i3c_ibi_type
IBI type.

Values:
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enumerator kI3C_ IbiNormal
In-band interrupt.

enumerator kI3C IbiHotJoin
slave hot join.

enumerator kI3C_ IbiMasterRequest
slave master ship request.

enum _i3c_ibi state
IBI state.

Values:

enumerator kI3C_ IbiReady
In-band interrupt ready state, ready for user to handle.

enumerator kI3C_IbiDataBuffNeed
In-band interrupt need data buffer for data receive.

enumerator kI3C_ IbiAckNackPending
In-band interrupt Ack/Nack pending for decision.

enum _i3c_ direction
Direction of master and slave transfers.

Values:

enumerator kI3C_ Write
Master transmit.

enumerator kI3C_Read
Master receive.

enum _i3c_tx trigger level
Watermark of TX int/dma trigger level.

Values:

enumerator kI3C_ TxTriggerOnEmpty
Trigger on empty.

enumerator kI3C_ TxTrigger UntilOneQuarterOrLess
Trigger on 1/4 full or less.

enumerator kI3C_ TxTriggerUntilOneHalfOrLess
Trigger on 1/2 full or less.

enumerator kI3C_ TxTrigger UntilOneLessThanFull
Trigger on 1 less than full or less.

enum _i3c_rx_ trigger level
Watermark of RX int/dma trigger level.

Values:

enumerator kI3C_ RxTriggerOnNotEmpty
Trigger on not empty.

enumerator kI3C_ RxTrigger UntilOneQuarterOrMore
Trigger on 1/4 full or more.

enumerator kI3C_ RxTriggerUntilOneHalfOrMore
Trigger on 1/2 full or more.
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enumerator kI3C_ RxTrigger UntilThreeQuarterOrMore
Trigger on 3/4 full or more.

enum _ i3c_rx_term_ ops
I3C master read termination operations.

Values:

enumerator kI3C_RxTermDisable
Master doesn’t terminate read, used for CCC transfer.

enumerator kI3C_RxAutoTerm
Master auto terminate read after receiving specified bytes(<=255).

enumerator kI3C_ RxTermLastByte
Master terminates read at any time after START, no length limitation.

enum _i3c_start_scl_delay
I3C start SCL delay options.

Values:

enumerator kI3C_ NoDelay
No delay.
enumerator kI3C_ IncreaseSclHalfPeriod
Increases SCL clock period by 1/2.
enumerator kI3C_ IncreaseSclOnePeriod
Increases SCL clock period by 1.
enumerator kI3C_IncreaseSclOneAndHalfPeriod
Increases SCL clock period by 1 1/2

enum _i3c_master transfer flags
Transfer option flags.

Note: These enumerations are intended to be OR’d together to form a bit mask of options
for the _i3c_master_transfer::flags field.

Values:

enumerator kI3C_ TransferDefaultFlag

Transfer starts with a start signal, stops with a stop signal.
enumerator kI3C_ TransferNoStartFlag

Don’t send a start condition, address, and sub address
enumerator kI3C_ TransferRepeatedStartFlag

Send a repeated start condition

enumerator kI3C_ TransferNoStopFlag
Don’t send a stop condition.

enumerator kI3C_ TransferWordsFlag
Transfer in words, else transfer in bytes.

enumerator kI3C_ TransferDisableRxTermFlag
Disable Rx termination. Note: It’s for I3C CCC transfer.
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enumerator kI3C_ TransferRxAutoTermFlag
Set Rx auto-termination. Note: It’s adaptive based on Rx size(<=255 bytes) except in
I3C_MasterReceive.

enumerator kI3C TransferStartWithBroadcastAddr
Start transfer with 0x7E, then read/write data with device address.

typedef enum _i3c_master_state i3c_ master_state t
I3C working master state.
typedef enum _i3c_master_enable i3c_ master enable_t
I3C master enable configuration.
typedef enum _i3c_master_hkeep i3c_master hkeep_ t
I3C high keeper configuration.
typedef enum _i3c_bus_request i3c_bus_ request_t
Emits the requested operation when doing in pieces vs. by message.
typedef enum _i3c_bus_type i3c_bus_ type_t
Bus type with EmitStartAddr.
typedef enum _i3c_ibi_response i3c_ibi_response_t
IBI response.
typedef enum _i3c_ibi_typei3c_ibi_type t
IBI type.
typedef enum _i3c_ibi_state i3c_ibi_state t
IBI state.
typedef enum _i3c_direction i3c_ direction_ t
Direction of master and slave transfers.
typedef enum _i3c_tx_trigger_level i3c_tx_trigger level t
Watermark of TX int/dma trigger level.
typedef enum _i3c_rx_trigger_level i3c_rx_ trigger_level _t
Watermark of RX int/dma trigger level.
typedef enum _i3c_rx_term_ops i3c_rx_term_ops_t
I3C master read termination operations.
typedef enum _i3c_start_scl _delay i3c_ start_scl_delay t
I3C start SCL delay options.
typedef struct _i3c_register_ibi_addr i3c_ register ibi_addr_t
Structure with setting master IBI rules and slave registry.

typedef struct _i3c_baudrate i3c_ baudrate hz_t
Structure with I3C baudrate settings.

typedef struct _i3c_master_daa_baudrate i3c_ master daa_ baudrate t
I3C DAA baud rate configuration.

typedef struct _i3c_master_config i3c_ master config t
Structure with settings to initialize the I3C master module.

This structure holds configuration settings for the I3C peripheral. To initialize this structure
to reasonable defaults, call the I3C_MasterGetDefaultConfig() function and pass a pointer
to your configuration structure instance.

The configuration structure can be made constant so it resides in flash.
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typedef struct _i3c_master_transfer i3c_master_ transfer_t

typedef struct _i3c_master_handle i3c_ master__handle_t

typedef struct _i3c_master_transfer_callback i3c_master_ transfer_ callback_t
i3c master callback functions.

typedef void (*i3c_master_isr_ t)(I3C_Type *base, void *handle)
Typedef for master interrupt handler.

struct _i3c_ register_ibi_addr
#include <fsl_i3c.h> Structure with setting master IBI rules and slave registry.

Public Members
uint8_t address[5]
Address array for registry.

bool i3cFastStart

Allow the START header to run as push-pull speed if all dynamic addresses take MSB
0.

bool ibiHasPayload
Whether the address array has mandatory IBI byte.

struct _i3c_ baudrate
#include <fsl_i3c.h> Structure with I3C baudrate settings.

Public Members
uint32_t i2cBaud
Desired I2C baud rate in Hertz.

uint32_t i3cPushPullBaud
Desired I3C push-pull baud rate in Hertz.

uint32_t i3cOpenDrainBaud
Desired I3C open-drain baud rate in Hertz.

struct _i3c_master daa_ baudrate
#include <fsl_i3c.h> 13C DAA baud rate configuration.

Public Members
uint32_t sourceClock_Hz
FCLK, function clock in Hertz.

uint32_t i3cPushPullBaud

Desired I3C push-pull baud rate in Hertz.
uint32_t i3cOpenDrainBaud

Desired I3C open-drain baud rate in Hertz.

struct _i3c_ master_config
#include <fsl_i3c.h> Structure with settings to initialize the I3C master module.

This structure holds configuration settings for the I3C peripheral. To initialize this structure
to reasonable defaults, call the I3C_MasterGetDefaultConfig() function and pass a pointer
to your configuration structure instance.

The configuration structure can be made constant so it resides in flash.
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Public Members

i3c_master_enable_t enableMaster
Enable master mode.
bool disableTimeout
Whether to disable timeout to prevent the ERRWARN.

i3c_master_hkeep_t hKeep
High keeper mode setting.

bool enableOpenDrainStop
Whether to emit open-drain speed STOP.

bool enableOpenDrainHigh
Enable Open-Drain High to be 1 PPBAUD count for i3c messages, or 1 ODBAUD.

i3c_baudrate_hz_t baudRate Hz
Desired baud rate settings.

uint32_t slowClock Hz
Slow clock frequency.

struct i3c_master transfer callback
#include <fsl_i3c.h> i3c master callback functions.

Public Members

void (*slave2Master)(I3C_Type *base, void *userData)

Transfer complete callback
void (*ibiCallback)(I3C_Type *base, i3c_master_handle_t *handle, i3c_ibi_type_t ibiType,
i3c_ibi_state_t ibiState)

IBI event callback

void (*transferComplete)(I3C_Type *base, i3¢c_master_handle_t *handle, status_t
completionStatus, void *userData)

Transfer complete callback
struct _i3c_ master_ transfer

#include <fsl_i3c.h> Non-blocking transfer descriptor structure.

This  structure is used to pass transaction parameters to the
I3C_MasterTransferNonBlocking() API.

Public Members

uint32_t flags
Bit mask of options for the transfer. See enumeration _i3c_master_transfer_flags for
available options. Set to 0 or kI3C_TransferDefaultFlag for normal transfers.

uint8_t slaveAddress
The 7-bit slave address.

i3c_direction_t direction
Either KI3C_Read or kI3C_Write.

uint32_t subaddress
Sub address. Transferred MSB first.
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size t subaddressSize
Length of sub address to send in bytes. Maximum size is 4 bytes.

void *data

Pointer to data to transfer.
size_t dataSize

Number of bytes to transfer.
i3c_bus_type_t busType

bus type.
i3c_ibi_response_t ibiResponse

ibi response during transfer.

struct i3c_ master handle
#include <fsl_i3c.h> Driver handle for master non-blocking APIs.

Note: The contents of this structure are private and subject to change.

Public Members
uint8_t state

Transfer state machine current state.
uint32_t remainingBytes

Remaining byte count in current state.
i3c_rx_term_ops_t rxTermOps

Read termination operation.
i3¢c_master_transfer_t transfer

Copy of the current transfer info.
uint8_t ibiAddress

Slave address which request IBI.
uint8_t *ibiBuff

Pointer to IBI buffer to keep ibi bytes.
size_t ibiPayloadSize

IBI payload size.
i3c_ibi_type_t ibiType

IBI type.

i3¢c_master_transfer_callback_t callback
Callback functions pointer.

void *userData
Application data passed to callback.

2.25 1I3C Master DMA Driver
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void I3C_ MasterTransferCreateHandleEDMA (I3C_Type *base, i3c_master_edma_handle_t
*handle, const i3c_master_edma_callback_t
*callback, void *userData, edma_handle_t
*rxDmaHandle, edma_handle_t *txDmaHandle)

Create a new handle for the I3C master DMA APIs.

The creation of a handle is for use with the DMA APIs. Once a handle is created, there
is not a corresponding destroy handle. If the user wants to terminate a transfer, the
I3C_MasterTransferAbortDMA() API shall be called.

For devices where the I3C send and receive DMA requests are OR’d together, the txDma-
Handle parameter is ignored and may be set to NULL.

Parameters
* base — The I3C peripheral base address.
* handle — Pointer to the I3C master driver handle.
* callback — User provided pointer to the asynchronous callback function.
 userData — User provided pointer to the application callback data.

* rxDmaHandle — Handle for the DMA receive channel. Created by the user
prior to calling this function.

* txDmaHandle — Handle for the DMA transmit channel. Created by the user
prior to calling this function.

status_t 13C_ MasterTransferEDMA (I3C_Type *base, i3c_master_edma_handle_t *handle,
i3¢c_master_transfer_t *transfer)

Performs a non-blocking DMA-based transaction on the I3C bus.

The callback specified when the handle was created is invoked when the transaction has
completed.

Parameters
* base — The I3C peripheral base address.
* handle — Pointer to the I3C master driver handle.
* transfer — The pointer to the transfer descriptor.
Return values
 kStatus_ Success — The transaction was started successfully.

* kStatus_I3C_Busy — Either another master is currently utilizing the bus,
or another DMA transaction is already in progress.

status_t 13C_ MasterTransferGetCountEDMA (I3C_Type *base, i3c_master_edma_handle_t *handle,
size_t *count)

Returns number of bytes transferred so far.
Parameters
* base — The I3C peripheral base address.
* handle — Pointer to the I3C master driver handle.

¢ count — [out] Number of bytes transferred so far by the non-blocking trans-
action.

Return values
e kStatus_ Success —

* kStatus_ NoTransferInProgress — There is not a DMA transaction currently in
progress.
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void I3C_ MasterTransferAbortEDMA (I3C_Type *base, i3c_master_edma_handle_t *handle)
Terminates a non-blocking I3C master transmission early.

Note: Itisnot safe to call this function from an IRQ handler that has a higher priority than
the DMA peripheral’s IRQ priority.

Parameters
* base — The I3C peripheral base address.
* handle — Pointer to the I3C master driver handle.

void I3C_ MasterTransferEDMAHandleIRQ(I3C_Type *base, void *i3cHandle)
Reusable routine to handle master interrupts.

Note: This function does not need to be called unless you are reimplementing the non-
blocking APT’s interrupt handler routines to add special functionality.

Parameters
* base — The I3C peripheral base address.
* i3cHandle — Pointer to the I3C master DMA driver handle.

typedef struct _i3c_master_edma_handle i3c_ master _edma_ handle t

typedef struct _i3c_master_edma_callback i3c_ master__edma_ callback_t
i3c master callback functions.

struct _i3c__master edma_ callback
#include <fsl_i3c_edma.h> i3c master callback functions.

Public Members

void (*slave2Master)(I3C_Type *base, void *userData)

Target asks for controller request.
void (*ibiCallback)(I3C_Type *base, i3c_master_edma_handle_t *handle, i3c_ibi_type_t
ibiType, i3c_ibi_state_t ibiState)

IBI event callback.

void (*transferComplete)(I3C_Type *base, i3c_master_edma_handle_t *handle, status_t
status, void *userData)

Transfer complete callback.

struct i3c master edma_handle
#include <fsl_i3c_edma.h> Driver handle for master EDMA APIs.

Note: The contents of this structure are private and subject to change.

Public Members

I3C_Type *base
I3C base pointer.
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uint8_t state
Transfer state machine current state.

uint32_t transferCount
Indicates progress of the transfer

uint8_t subaddressBuffer[4]
Saving subaddress command.

uint8_t subaddressCount
Saving command count.

i3c_master_transfer._t transfer
Copy of the current transfer info.

i3c_master_edma_callback_t callback
Callback function pointer.

void *userData
Application data passed to callback.

edma_handle_t *rxDmaHandle
Handle for receive DMA channel.

edma_handle_t *txDmaHandle
Handle for transmit DMA channel.

bool ibiFlag
IBIWON flag.

uint8_t ibiAddress
Slave address which request IBI.

uint8_t *ibiBuff
Pointer to IBI buffer to keep ibi bytes.

size_t ibiPayloadSize
IBI payload size.

i3c_ibi_type_t ibiType
IBI type.

status_t result
Transfer result.

2.26 1I3C Slave Driver

void I3C_ SlaveGetDefaultConfig(i3c_slave_config t *slaveConfig)
Provides a default configuration for the I3C slave peripheral.

This function provides the following default configuration for the I3C slave peripheral:
slaveConfig- >enableslave = true;
After calling this function, you can override any settings in order to customize the configu-
ration, prior to initializing the slave driver with I13C_Slavelnit().

Parameters

* slaveConfig — [out] User provided configuration structure for default val-
ues. Refer to i3c_slave_config_t.
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void 13C__Slavelnit(I3C_Type *base, const i3c_slave_config_t *slaveConfig, uint32_t
slowClock_Hz)

Initializes the I3C slave peripheral.

This function enables the peripheral clock and initializes the I3C slave peripheral as de-
scribed by the user provided configuration.

Parameters

* base — The I3C peripheral base address.

¢ slaveConfig — User provided peripheral configuration. Use
I3C_SlaveGetDefaultConfig() to get a set of defaults that you can override.
* slowClock_Hz - Frequency in Hertz of the I3C slow clock.
Used to calculate the bus match condition values. If

FSL_FEATURE_I3C_HAS_NO_SCONFIG_BAMATCH defines as 1, this
parameter is useless.

void I3C_ SlaveDeinit(I3C_Type *base)
Deinitializes the I3C slave peripheral.

This function disables the I3C slave peripheral and gates the clock.
Parameters
* base — The I3C peripheral base address.

static inline void I13C__SlaveEnable(I3C_Type *base, bool isEnable)
Enable/Disable Slave.

Parameters
* base — The I3C peripheral base address.
* isEnable — Enable or disable.

static inline uint32_t I3C__SlaveGetStatusFlags(I3C_Type *base)
Gets the I3C slave status flags.

A bit mask with the state of all I3C slave status flags is returned. For each flag, the corre-
sponding bit in the return value is set if the flag is asserted.

See also:

_i3c_slave_flags

Parameters
* base — The I3C peripheral base address.

Returns
State of the status flags:

* 1: related status flag is set.
* 0: related status flag is not set.

static inline void 13C_ SlaveClearStatusFlags(I3C_Type *base, uint32_t statusMask)
Clears the I3C slave status flag state.

The following status register flags can be cleared:
» kI3C_SlaveBusStartFlag
» kI3C_SlaveMatchedFlag
» kI3C_SlaveBusStopFlag

390 Chapter 2. MIMX9322



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

Attempts to clear other flags has no effect.

See also:

_i3c_slave_flags.

Parameters
* base — The I3C peripheral base address.

* statusMask — A bitmask of status flags that are to be cleared. The mask is
composed of _i3c_slave_flags enumerators OR’d together. You may pass
the result of a previous call to I3C_SlaveGetStatusFlags().

static inline uint32_t 13C_ SlaveGetErrorStatusFlags(I3C_Type *base)
Gets the I3C slave error status flags.

A bit mask with the state of all I3C slave error status flags is returned. For each flag, the
corresponding bit in the return value is set if the flag is asserted.

See also:

_i3c_slave_error_flags

Parameters

* base — The I3C peripheral base address.

Returns
State of the error status flags:

* 1: related status flag is set.
* 0: related status flag is not set.

static inline void 13C _SlaveClearErrorStatusFlags(I3C_Type *base, uint32_t statusMask)
Clears the I3C slave error status flag state.

See also:

_i3c_slave_error_flags.

Parameters
* base — The I3C peripheral base address.

* statusMask — A bitmask of error status flags that are to be cleared. The mask
is composed of _i3c_slave_error_flags enumerators OR’d together. You may
pass the result of a previous call to I3C_SlaveGetErrorStatusFlags().

i3c_slave_activity_state_t 13C_ SlaveGetActivityState(I3C_Type *base)
Gets the I3C slave state.

Parameters

* base — The I3C peripheral base address.

Returns
13C slave activity state, refer i3c_slave_activity_state_t.

status_t 13C__SlaveCheckAndClearError(I3C_Type *base, uint32_t status)
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static inline void 13C_ SlaveEnablelnterrupts(I3C_Type *base, uint32_t interruptMask)
Enables the I3C slave interrupt requests.

Only below flags can be enabled as interrupts.

» kI3C_SlaveBusStartFlag

» kI3C_SlaveMatchedFlag

» kI3C_SlaveBusStopFlag
KkI3C_SlaveRxReadyFlag
kI3C_SlaveTxReadyFlag
kI3C_SlaveDynamicAddrChangedFlag
kI3C_SlaveReceivedCCCFlag
KkI3C_SlaveErrorFlag
kI3C_SlaveHDRCommandMatchFlag
kI3C_SlaveCCCHandledFlag
KkI3C_SlaveEventSentFlag

Parameters
* base — The I3C peripheral base address.

* interruptMask — Bit mask of interrupts to enable. See _i3c_slave_flags for
the set of constants that should be OR’d together to form the bit mask.

static inline void I13C_SlaveDisableInterrupts(I3C_Type *base, uint32_t interruptMask)
Disables the I3C slave interrupt requests.

Only below flags can be disabled as interrupts.

» kI3C_SlaveBusStartFlag

* kI3C_SlaveMatchedFlag

» kI3C_SlaveBusStopFlag

» kI3C_SlaveRxReadyFlag
kI3C_SlaveTxReadyFlag
kI3C_SlaveDynamicAddrChangedFlag
kI3C_SlaveReceivedCCCFlag
kI3C_SlaveErrorFlag
kI3C_SlaveHDRCommandMatchFlag
kI3C_SlaveCCCHandledFlag
kI3C_SlaveEventSentFlag

Parameters
* base — The I3C peripheral base address.

* interruptMask — Bit mask of interrupts to disable. See _i3c_slave_flags for
the set of constants that should be OR’d together to form the bit mask.

static inline uint32_t I3C__SlaveGetEnabledInterrupts(I3C_Type *base)
Returns the set of currently enabled I3C slave interrupt requests.

Parameters
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* base — The I3C peripheral base address.

Returns
A bitmask composed of _i3c_slave_flags enumerators OR’d together to indicate
the set of enabled interrupts.

static inline uint32_t I3C_ SlaveGetPendingInterrupts(I3C_Type *base)
Returns the set of pending I3C slave interrupt requests.

Parameters
* base — The I3C peripheral base address.

Returns
A bitmask composed of _i3c_slave_flags enumerators OR’d together to indicate
the set of pending interrupts.

static inline void I3C__ SlaveEnableDMA (I3C_Type *base, bool enableTx, bool enableRx, uint32_t
width)

Enables or disables I3C slave DMA requests.
Parameters
* base — The I3C peripheral base address.

* enableTx —Enable flag for transmit DMA request. Pass true for enable, false
for disable.

* enableRx — Enable flag for receive DMA request. Pass true for enable, false
for disable.

* width — DMA read/write unit in bytes.

static inline uint32_t I3C__SlaveGetTxFifoAddress(I3C_Type *base, uint32_t width)
Gets I3C slave transmit data register address for DMA transfer.

Parameters
* base — The I3C peripheral base address.
* width — DMA read/write unit in bytes.

Returns
The I3C Slave Transmit Data Register address.

static inline uint32_t 13C_ SlaveGetRxFifoAddress(I3C_Type *base, uint32_t width)
Gets I3C slave receive data register address for DMA transfer.

Parameters
* base — The I3C peripheral base address.
» width — DMA read/write unit in bytes.

Returns
The I3C Slave Receive Data Register address.

static inline void I13C_SlaveSet Watermarks(I3C_Type *base, i3c_tx_trigger._level t txLvl,
i3c_rx_trigger_level_t rxLvl, bool flushTx, bool
flushRx)

Sets the watermarks for I3C slave FIFOs.
Parameters
* base — The I3C peripheral base address.

¢ txLvl — Transmit FIFO watermark level. The kI3C_SlaveTxReadyFlag flag
is set whenever the number of words in the transmit FIFO reaches txLvl.
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¢ rxLvl — Receive FIFO watermark level. The kI3C_SlaveRxReadyFlag flag is
set whenever the number of words in the receive FIFO reaches rxLvl.

» flushTx — true if TX FIFO is to be cleared, otherwise TX FIFO remains un-
changed.

e flushRx — true if RX FIFO is to be cleared, otherwise RX FIFO remains un-
changed.

static inline void I13C_SlaveGetFifoCounts(I3C_Type *base, size_t *rxCount, size_t *txCount)
Gets the current number of bytes in the I3C slave FIFOs.

Parameters
* base — The I3C peripheral base address.

* txCount — [out] Pointer through which the current number of bytes in the
transmit FIFO is returned. Pass NULL if this value is not required.

* rxCount — [out] Pointer through which the current number of bytes in the
receive FIFO is returned. Pass NULL if this value is not required.

void I3C_ SlaveRequestEvent(I3C_Type *base, i3c_slave_event t event)
I3C slave request event.

Parameters
* base — The I3C peripheral base address.
* event — I3C slave event of type i3c_slave_event_t

status_t 13C__SlaveSend(I3C_Type *base, const void *txBuff, size_t txSize)
Performs a polling send transfer on the I3C bus.

Parameters
* base — The I3C peripheral base address.
* txBuff — The pointer to the data to be transferred.
* txSize — The length in bytes of the data to be transferred.

Returns
Error or success status returned by API.

status_t 13C_ SlaveReceive(I3C_Type *base, void *rxBuff, size_t rxSize)
Performs a polling receive transfer on the I3C bus.

Parameters
* base — The I3C peripheral base address.
 rxBuff — The pointer to the data to be transferred.
* rxSize — The length in bytes of the data to be transferred.

Returns
Error or success status returned by APIL

void I3C_ SlaveTransferCreateHandle(I3C_Type *base, i3¢_slave_handle_t *handle,
i3¢_slave_transfer_callback_t callback, void *userData)

Creates a new handle for the I3C slave non-blocking APIs.
The creation of a handle is for use with the non-blocking APIs. Once a handle is created,

there is not a corresponding destroy handle. If the user wants to terminate a transfer, the
I3C_SlaveTransferAbort() API shall be called.
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Note: The function also enables the NVIC IRQ for the input I3C. Need to notice that on some
SoCs the I3C IRQ is connected to INTMUX, in this case user needs to enable the associated
INTMUX IRQ in application.

Parameters
* base — The I3C peripheral base address.
* handle — [out] Pointer to the I3C slave driver handle.
* callback — User provided pointer to the asynchronous callback function.
 userData — User provided pointer to the application callback data.

status_t 13C_SlaveTransferNonBlocking(I3C_Type *base, i3c_slave_handle_t *handle, uint32_t
eventMask)

Starts accepting slave transfers.

Call this API after calling 12C_Slavelnit() and I3C_SlaveTransferCreateHandle() to start pro-
cessing transactions driven by an I2C master. The slave monitors the I2C bus and pass
events to the callback that was passed into the call to I3C_SlaveTransferCreateHandle().
The callback is always invoked from the interrupt context.

The set of events received by the callback is customizable. To do so, set the eventMask pa-
rameter to the OR’d combination of i3c_slave_transfer_event_t enumerators for the events
you wish to receive. The kI3C_SlaveTransmitEvent and kI3C_SlaveReceiveEvent events are
always enabled and do not need to be included in the mask. Alternatively, you can pass
0 to get a default set of only the transmit and receive events that are always enabled. In
addition, the KI3C_SlaveAllEvents constant is provided as a convenient way to enable all
events.

Parameters
* base — The I3C peripheral base address.

* handle — Pointer to struct: _i3c_slave_handle structure which stores the
transfer state.

* eventMask — Bit mask formed by OR’ing together i3c_slave_transfer_event_t
enumerators to specify which events to send to the callback. Other ac-
cepted values are 0 to get a default set of only the transmit and receive
events, and kI3C_SlaveAllEvents to enable all events.

Return values
* kStatus_ Success — Slave transfers were successfully started.

* kStatus_ I3C_ Busy — Slave transfers have already been started on this han-
dle.

status_t 13C__SlaveTransferGetCount(I3C_Type *base, i3c_slave_handle_t *handle, size_t *count)
Gets the slave transfer status during a non-blocking transfer.

Parameters
* base — The I3C peripheral base address.
* handle — Pointer to i2c_slave_handle_t structure.

* count — [out] Pointer to a value to hold the number of bytes transferred.
May be NULL if the count is not required.

Return values
e kStatus_ Success —

* kStatus_ NoTransferInProgress —
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void I3C_ SlaveTransfer Abort(I3C_Type *base, i3c_slave_handle_t *handle)
Aborts the slave non-blocking transfers.

Note: This API could be called at any time to stop slave for handling the bus events.

Parameters
* base — The I3C peripheral base address.

* handle — Pointer to struct: _i3c_slave_handle structure which stores the
transfer state.

void I3C_ SlaveTransferHandleIRQ(I3C_Type *base, void *intHandle)
Reusable routine to handle slave interrupts.

Note: This function does not need to be called unless you are reimplementing the non
blocking APT’s interrupt handler routines to add special functionality.

Parameters
* base — The I3C peripheral base address.

* intHandle — Pointer to struct: _i3c_slave_handle structure which stores the
transfer state.

void I3C_ SlaveRequestIBIWithData(I3C_Type *base, uint8_t *data, size_t dataSize)
I3C slave request IBI event with data payload(mandatory and extended).

Parameters
* base — The I3C peripheral base address.
* data — Pointer to IBI data to be sent in the request.
* dataSize — IBI data size.

void I3C_ SlaveRequestIBIWithSingleData(I3C_Type *base, uint8_t data, size_t dataSize)
I3C slave request IBI event with single data.

Deprecated:
Do not use this function. It has been superseded by I3C_SlaveRequestIBIWithData.

Parameters
* base — The I3C peripheral base address.
 data — IBI data to be sent in the request.
* dataSize — IBI data size.

enum _ i3c_slave_flags
I3C slave peripheral flags.

The following status register flags can be cleared:
» kI3C_SlaveBusStartFlag
» kI3C_SlaveMatchedFlag
* kI3C_SlaveBusStopFlag

Only below flags can be enabled as interrupts.
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kI3C_SlaveBusStartFlag
kI3C_SlaveMatchedFlag
kI3C_SlaveBusStopFlag
kI3C_SlaveRxReadyFlag
kI3C_SlaveTxReadyFlag
kI3C_SlaveDynamicAddrChangedFlag
kI3C_SlaveReceivedCCCFlag
kI3C_SlaveErrorFlag
kI3C_SlaveHDRCommandMatchFlag
kI3C_SlaveCCCHandledFlag
kI3C_SlaveEventSentFlag

Note: These enums are meant to be OR’d together to form a bit mask.

Values:

enumerator kI3C_ SlaveNotStopFlag
Slave status not stop flag

enumerator kI3C_ SlaveMessageFlag
Slave status message, indicating slave is listening to the bus traffic or responding

enumerator kI3C_ SlaveRequiredReadFlag
Slave status required, either is master doing SDR read from slave, or is IBI pushing out.

enumerator kI3C_ SlaveRequiredWriteFlag

Slave status request write, master is doing SDR write to slave, except slave in ENTDAA
mode

enumerator kI3C_ SlaveBusDA AFlag
I3C bus is in ENTDAA mode

enumerator kI3C_ SlaveBusHDRModeFlag
I3C bus is in HDR mode

enumerator kI3C_ SlaveBusStartFlag

Start/Re-start event is seen since the bus was last cleared
enumerator kI3C_ SlaveMatchedFlag

Slave address(dynamic/static) matched since last cleared
enumerator kI3C_ SlaveBusStopFlag

Stop event is seen since the bus was last cleared
enumerator kI3C_ SlaveRxReadyFlag

Rx data ready in rx buffer flag
enumerator kI3C_ SlaveTxReadyFlag

Tx buffer ready for Tx data flag
enumerator kI3C_ SlaveDynamicAddrChangedFlag

Slave dynamic address has been assigned, re-assigned, or lost

enumerator kI3C_ SlaveReceivedCCCFlag
Slave received Common command code
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enumerator kI3C_ SlaveErrorFlag
Error occurred flag

enumerator kI3C_ SlaveHDRCommandMatchFlag
High data rate command match

enumerator kI3C_ SlaveCCCHandledFlag
Slave received Common command code is handled by I3C module

enumerator kI3C_ SlaveEventSentFlag
Slave IBI/P2P/MR/H]J event has been sent

enumerator kI3C__SlavelbiDisableFlag
Slave in band interrupt is disabled.

enumerator kI3C_ SlaveMasterRequestDisabledFlag
Slave master request is disabled.

enumerator kI3C_ SlaveHotJoinDisabledFlag
Slave Hot-Join is disabled.

enumerator kI3C_ SlaveClearFlags
All flags which are cleared by the driver upon starting a transfer.

enumerator kI3C_ SlaveAlllrqFlags

enum _i3c_slave_error_flags

I3C slave error flags to indicate the causes.

Note: These enums are meant to be OR’d together to form a bit mask.

Values:

enumerator kI3C_ SlaveErrorOverrunFlag
Slave internal from-bus buffer/FIFO overrun.

enumerator kI3C_ SlaveErrorUnderrunFlag
Slave internal to-bus buffer/FIFO underrun

enumerator kI3C_ SlaveErrorUnderrunNakFlag
Slave internal from-bus buffer/FIFO underrun and NACK error

enumerator kI3C_ SlaveErrorTermFlag
Terminate error from master

enumerator kI3C_ SlaveErrorInvalidStartFlag
Slave invalid start flag

enumerator kI3C_ SlaveErrorSdrParityFlag
SDR parity error

enumerator kI3C_ SlaveErrorHdrParityFlag
HDR parity error

enumerator kI3C_ SlaveErrorHdrCRCFlag
HDR-DDR CRC error

enumerator kI3C_ SlaveErrorS0S1Flag
SO or S1 error

enumerator kI3C_ SlaveErrorOverreadFlag
Over-read error
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enumerator kI3C_ SlaveErrorOverwriteFlag
Over-write error

enum _i3c_slave event

I13C slave.event.
Values:

enumerator kI3C_ SlaveEventNormal
Normal mode.

enumerator kI3C_SlaveEventIBI
In band interrupt event.
enumerator kI3C__SlaveEventMasterReq
Master request event.

enumerator kI3C_ SlaveEventHotJoinReq
Hot-join event.

enum _i3c_slave_activity state

13C slave.activity state.
Values:

enumerator kI3C__SlaveNoLatency
Normal bus operation

enumerator kI3C_ SlaveLatency1Ms
1ms of latency.

enumerator kI3C_ SlaveLatency100Ms
100ms of latency.

enumerator kI3C__SlaveLatency10S
10s latency.

enum _i3c_slave transfer event

Set of events sent to the callback for non blocking slave transfers.

These event enumerations are used for two related purposes. First, a bit mask created
by OR’ing together events is passed to I3C_SlaveTransferNonBlocking() in order to specify
which events to enable. Then, when the slave callback is invoked, it is passed the current
event through its transfer parameter.

Note: These enumerations are meant to be OR’d together to form a bit mask of events.

Values:

enumerator kI3C_SlaveAddressMatchEvent
Received the slave address after a start or repeated start.

enumerator kI3C_SlaveTransmitEvent
Callback is requested to provide data to transmit (slave-transmitter role).

enumerator kI3C_SlaveReceiveEvent
Callbackis requested to provide a buffer in which to place received data (slave-receiver
role).

enumerator kI3C_ SlaveRequired TransmitEvent

Callbackis requested to provide a buffer in which to place received data (slave-receiver
role).
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enumerator kI3C_ SlaveStartEvent
A start/repeated start was detected.

enumerator kI3C_SlaveHDRCommandMatchEvent
Slave Match HDR Command.

enumerator kI3C_ SlaveCompletionEvent
A stop was detected, completing the transfer.

enumerator kI3C_ SlaveRequestSentEvent
Slave request event sent.

enumerator kI3C _SlaveReceived CCCEvent
Slave received CCC event, need to handle by application.

enumerator kI3C_SlaveAllEvents
Bit mask of all available events.

typedef enum _i3c_slave _event i3c_slave event_t
I3C slave.event.

typedef enum _i3c_slave_activity_state i3c_slave_ activity state_t
I3C slave.activity state.

typedef struct _i3c_slave_config i3c_slave_config t
Structure with settings to initialize the I3C slave module.
This structure holds configuration settings for the I3C peripheral. To initialize this structure

to reasonable defaults, call the I3C_SlaveGetDefaultConfig() function and pass a pointer to
your configuration structure instance.

The configuration structure can be made constant so it resides in flash.

typedef enum _i3c_slave_transfer_event i3c_slave transfer event_t
Set of events sent to the callback for non blocking slave transfers.

These event enumerations are used for two related purposes. First, a bit mask created
by OR’ing together events is passed to I3C_SlaveTransferNonBlocking() in order to specify
which events to enable. Then, when the slave callback is invoked, it is passed the current
event through its transfer parameter.

Note: These enumerations are meant to be OR’d together to form a bit mask of events.

typedef struct _i3c_slave_transfer i3c_slave transfer t
I3C slave transfer structure.

typedef struct _i3c_slave_handle i3c_slave handle_t
typedef void (*i3c_ slave transfer callback t)(I3C_Type *base, i3¢_slave_transfer_t *transfer, void
*userData)

Slave event callback function pointer type.

This callback is used only for the slave non-blocking transfer API. To install a callback, use
the I3C_SlaveSetCallback() function after you have created a handle.

Param base
Base address for the I3C instance on which the event occurred.

Param transfer
Pointer to transfer descriptor containing values passed to and/or from the call-
back.
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Param userData
Arbitrary pointer-sized value passed from the application.

typedef void (*i3c_ slave_isr_ t)(I3C_Type *base, void *handle)
Typedef for slave interrupt handler.

struct _i3c_slave_ config
#include <fsl_i3c.h> Structure with settings to initialize the I3C slave module.

This structure holds configuration settings for the I3C peripheral. To initialize this structure
to reasonable defaults, call the I3C_SlaveGetDefaultConfig() function and pass a pointer to
your configuration structure instance.

The configuration structure can be made constant so it resides in flash.

Public Members

bool enableSlave
Whether to enable slave.
bool isHotJoin
Whether to enable slave hotjoin before enable slave.
uint8_t staticAddr
Static address.
uint16_t vendorID
Device vendor ID(manufacture ID).

bool enableRandomPart

Whether to generate random part number; if using random part number, the part-
Number variable setting is meaningless.

uint32_t partNumber

Device part number info
uint8_t der

Device characteristics register information.
uint8_t ber

Bus characteristics register information.
uint8_t hdrMode

Support hdr mode, could be OR logic in enumeration:i3c_hdr_mode_t.
bool nakAllRequest

Whether to reply NAK to all requests except broadcast CCC.
bool ignoreS0S1Error

Whether to ignore S0/S1 error in SDR mode.

bool offline

Whether to wait 60 us of bus quiet or HDR request to ensure slave track SDR mode
safely.

bool matchSlaveStartStop
Whether to assert start/stop status only the time slave is addressed.

uint32_t maxWriteLength
Maximum write length.
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uint32_t maxReadLength
Maximum read length.

struct i3c_slave transfer
#include <fsl_i3c.h> I13C slave transfer structure.

Public Members

uint32_t event
Reason the callback is being invoked.

uint8_t *txData
Transfer buffer

size_t txDataSize
Transfer size

uint8_t *rxData
Transfer buffer

size_t rxDataSize
Transfer size

status_t completionStatus
Success or error code describing how the transfer completed. Only applies for
kI3C_SlaveCompletionEvent.

size_t transferred Count
Number of bytes actually transferred since start or last repeated start.

struct i3c_slave handle
#include <fsl_i3c.h> 13C slave handle structure.

Note: The contents of this structure are private and subject to change.

Public Members
i3c_slave_transfer._t transfer
I3C slave transfer copy.
bool isBusy
Whether transfer is busy.

bool wasTransmit
Whether the last transfer was a transmit.

uint32_t eventMask
Mask of enabled events.

uint32_t transferredCount
Count of bytes transferred.

i3c_slave_transfer_callback_t callback
Callback function called at transfer event.

void *userData
Callback parameter passed to callback.

size_t txFifoSize
Tx Fifo size
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2.27 13C Slave DMA Driver

void I3C_ SlaveTransferCreateHandleEDMA (I3C_Type *base, i3c_slave_edma_handle_t *handle,
i3c_slave_edma_callback _t callback, void *userData,
edma_handle_t *rxDmaHandle, edma_handle_t
*txDmaHandle)

Create a new handle for the I3C slave DMA APIs.

The creation of a handle is for use with the DMA APIs. Once a handle is created, there
is not a corresponding destroy handle. If the user wants to terminate a transfer, the
I13C_SlaveTransferAbortDMA() API shall be called.

For devices where the I3C send and receive DMA requests are OR’d together, the txDma-
Handle parameter is ignored and may be set to NULL.

Parameters
* base — The I3C peripheral base address.
* handle — Pointer to the I3C slave driver handle.
* callback — User provided pointer to the asynchronous callback function.
* userData — User provided pointer to the application callback data.

* rxDmaHandle — Handle for the DMA receive channel. Created by the user
prior to calling this function.

* txDmaHandle — Handle for the DMA transmit channel. Created by the user
prior to calling this function.

status_t 13C__SlaveTransferEDMA (I3C_Type *base, i3¢_slave_edma_handle_t *handle,
i3c_slave_edma_transfer_t *transfer, uint32_t eventMask)

Prepares for a non-blocking DMA-based transaction on the I13C bus.

The API will do DMA configuration according to the input transfer descriptor, and the data
will be transferred when there’s bus master requesting transfer from/to this slave. So the
timing of call to this API need be aligned with master application to ensure the transfer is
executed as expected. Callback specified when the handle was created is invoked when the
transaction has completed.

Parameters
* base — The I3C peripheral base address.
* handle — Pointer to the I3C slave driver handle.
* transfer — The pointer to the transfer descriptor.

* eventMask — Bit mask formed by OR’ing together i3c_slave_transfer_event_t
enumerators to specify which events to send to the callback. The transmit
and receive events is not allowed to be enabled.

Return values
* kStatus_ Success — The transaction was started successfully.

* kStatus_ I3C_ Busy — Either another master is currently utilizing the bus,
or another DMA transaction is already in progress.

* kStatus Fail — The transaction can’t be set.

void I3C_ SlaveTransferAbortEDMA (I3C_Type *base, i3c_slave_edma_handle_t *handle)
Abort a slave edma non-blocking transfer in a early time.

Parameters

* base — I3C peripheral base address
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* handle — pointer to i3c_slave_edma_handle_t structure

void I13C_ SlaveTransferEDMA HandleIRQ(I3C_Type *base, void *i3cHandle)
Reusable routine to handle slave interrupts.

Note: This function does not need to be called unless you are reimplementing the non-
blocking APT’s interrupt handler routines to add special functionality.

Parameters

* base — The I3C peripheral base address.

* i3cHandle — Pointer to the I3C slave DMA driver handle.
typedef struct _i3c_slave_edma_handle i3c_slave_edma_handle_t
typedef struct _i3c_slave_edma transfer i3c_slave_edma_ transfer_t

I3C slave transfer structure.

typedef void (*i3c_slave_edma_ callback_t)(I3C_Type *base, i3c_slave_edma_transfer_t *transfer,
void *userData)

Slave event callback function pointer type.
This callback is used only for the slave DMA transfer API

Param base
Base address for the I3C instance on which the event occurred.

Param handle
Pointer to slave DMA transfer handle.

Param transfer
Pointer to transfer descriptor containing values passed to and/or from the call-
back.

Param userData
Arbitrary pointer-sized value passed from the application.

struct i3c_slave edma_ transfer
#include <fsl_i3c_edma.h> 13C slave transfer structure.

Public Members

uint32_t event
Reason the callback is being invoked.

uint8_t *txData
Transfer buffer

size_t txDataSize
Transfer size

uint8_t *rxData
Transfer buffer

size_t rxDataSize
Transfer size

status_t completionStatus

Success or error code describing how the transfer completed. Only applies for
kI3C_SlaveCompletionEvent.
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struct i3c_slave edma_handle
#include <fsl_i3c_edma.h> 13C slave edma handle structure.

Note: The contents of this structure are private and subject to change.

Public Members
I3C_Type *base
I3C base pointer.

i3c_slave_edma_transfer_t transfer
I3C slave transfer copy.

bool isBusy
Whether transfer is busy.

bool wasTransmit
Whether the last transfer was a transmit.

uint32_t eventMask
Mask of enabled events.

i3c_slave_edma_callback _t callback
Callback function called at transfer event.

edma_handle_t *rxDmaHandle
Handle for receive DMA channel.

edma_handle_t *txDmaHandle
Handle for transmit DMA channel.

void *userData
Callback parameter passed to callback.

2.28 ISI: Image Sensing Interface

void ISI_Init(ISI_Type *base)
Initializes the ISI peripheral.

This function ungates the ISI clock, it should be called before any other ISI functions.
Parameters
* base — ISI peripheral base address.

void ISI_ Deinit(ISI_Type *base)
Deinitializes the ISI peripheral.

This function gates the ISI clock.
Parameters
* base — ISI peripheral base address.

void IST_ Reset(ISI_Type *base)
Reset the ISI peripheral.

This function resets the ISI channel processing pipeline similar to a hardware reset. The
channel will need to be reconfigured after reset before it can be used.
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Parameters
* base — ISI peripheral base address.

static inline uint32_t IST_ EnableInterrupts(ISI_Type *base, uint32_t mask)
Enables ISI interrupts.

Parameters
* base — ISI peripheral base address
* mask — Interrupt source, OR’ed value of _isi_interrupt.

Returns
OR’ed value of the enabled interrupts before calling this function.

static inline uint32_t IST_ DisableInterrupts(ISI_Type *base, uint32_t mask)
Disables ISI interrupts.

Parameters
* base — ISI peripheral base address
* mask — Interrupt source, OR’ed value of _isi_interrupt.

Returns
OR’ed value of the enabled interrupts before calling this function.

static inline uint32_t IST_ GetInterruptStatus(ISI_Type *base)
Get the ISI interrupt pending flags.

All interrupt pending flags are returned, upper layer could compare with the OR’ed value
of _isi_interrupt. For example, to check whether memory read completed, use like this:

uint32_t mask = ISI_ GetInterruptStatus(ISI);
if (mask & kISI MemReadCompletedInterrupt)

{

memory read completed

}

Parameters
* base — ISI peripheral base address

Returns
The OR’ed value of the pending interrupt flags. of _isi_interrupt.

static inline void ISI_ ClearInterruptStatus(ISI_Type *base, uint32_t mask)
Clear ISI interrupt pending flags.

This function could clear one or more flags at one time, the flags to clear are passed in as
an OR’ed value of _isi_interrupt. For example, to clear both line received interrupt flag and
frame received flag, use like this:

ISI_ ClearInterruptStatus(ISI, kKISI_LineReceivedInterrupt | kKISI FrameReceivedInterrupt);

Parameters
* base — ISI peripheral base address
» mask — The flags to clear, it is OR’ed value of _isi_interrupt.

void ISI_ SetScalerConfig(ISI_Type *base, uint16_t inputWidth, uint16_t inputHeight, uint16_t
outputWidth, uint16_t outputHeight)

Set the ISI channel scaler configurations.
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This function sets the scaling configurations. If the ISI channel is bypassed, then the scaling
feature could not be used.

ISI only supports down scaling but not up scaling.

Note: Total bytes in one line after down scaling must be more than 256 bytes.

Parameters

* base — ISI peripheral base address

* inputWidth — Input image width.

* inputHeight — Input image height.

* outputWidth — Output image width.

* outputHeight — Output image height.

void ISI__SetColorSpaceConversionConfig(ISI_Type *base, const isi_csc_config_t *config)
Set the ISI color space conversion configurations.

This function sets the color space conversion configurations. After setting the configura-
tion, use the function ISI_EnableColorSpaceConversion to enable this feature. If the ISI
channel is bypassed, then the color space conversion feature could not be used.

Parameters
* base — ISI peripheral base address
* config — Pointer to the configuration structure.

void ISI_ ColorSpaceConversionGetDefaultConfig(isi_csc_config_t *config)
Get the ISI color space conversion default configurations.

The default value is:

config->mode = kISI CscYUV2RGB;
config->A1 = 0.0;
config->A2 = 0.0;
config->A3 = 0.0;
config->B1 = 0.0;
config->B2 = 0.0;
config->B3 = 0.0;
config->C1 = 0.0;
config->C2 = 0.0;
config->C3 = 0.0;
config->D1 = 0;
config->D2 = 0;
config->D3 = 0;

Parameters
* config — Pointer to the configuration structure.

static inline void ISI_ EnableColorSpaceConversion(ISI_Type *base, bool enable)
Enable or disable the ISI color space conversion.

If the ISI channel is bypassed, then the color space conversion feature could not be used
even enable using this function.

Note: The CSCis enabled by default. Disable it if it is not required.
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Parameters
* base — ISI peripheral base address
* enable — True to enable, false to disable.

void ISI SetCropConfig(ISI_Type *base, const isi_crop_config_t *config)
Set the ISI cropping configurations.

This function sets the cropping configurations. After setting the configuration, use the func-
tion ISI_EnableCrop to enable the feature. Cropping still works when the ISI channel is

bypassed.

Note: The upper left corner and lower right corner should be configured base on the image

resolution output from the scaler.

Parameters
* base — ISI peripheral base address
* config — Pointer to the configuration structure.

void ISI_ CropGetDefaultConfig(isi_crop_config_t *config)
Get the ISI cropping default configurations.

The default value is:

config->upperLeftX = 0U;
config->upperLeftY = 0U;
config->lowerRightX = 0U;
config->lowerRightY = 0U;

Parameters
* config — Pointer to the configuration structure.

static inline void ISI_ EnableCrop(ISI_Type *base, bool enable)
Enable or disable the ISI cropping.

If the ISI channel is bypassed, the cropping still works.
Parameters
* base — ISI peripheral base address
* enable — True to enable, false to disable.

static inline void ISI_ SetGlobalAlpha(ISI_Type *base, uint8_t alpha)
Set the global alpha value.

Parameters
* base — ISI peripheral base address
* alpha — The global alpha value.

static inline void ISI_ EnableGlobalAlpha(ISI_Type *base, bool enable)
Enable the global alpha insertion.

Alpha still works when channel bypassed.
Parameters
* base — ISI peripheral base address

* enable — True to enable, false to disable.

408

Chapter 2. MIMX9322



MCUXpresso SDK Documentation, Release 25.12.00-pvw2

void ISI_ SetRegionAlphaConfig(ISI_Type *base, uint8_t index, const isi_region_alpha _config t
*config)

Set the alpha value for region of interest.

Set the alpha insertion configuration for specific region of interest. The function
ISI_EnableRegionAlpha could be used to enable the alpha insertion. Alpha insertion still
works when channel bypassed.

Note: The upper left corner and lower right corner should be configured base on the image
resolution output from the scaler.

Parameters
* base — ISI peripheral base address
¢ index — Index of the region of interest, Could be 0, 1, 2, and 3.
* config — Pointer to the configuration structure.

void ISI_RegionAlphaGetDefaultConfig(isi_region_alpha_config t *config)
Get the regional alpha insertion default configurations.

The default configuration is:

config->upperLeftX = 0U;
config->upperLeftY = 0U;
config->lowerRightX = 0U;
config->lowerRightY = 0U;
config->alpha = 0U;

Parameters
* config — Pointer to the configuration structure.

void ISI__EnableRegionAlpha(ISI_Type *base, uint8_t index, bool enable)
Enable or disable the alpha value insertion for region of interest.

Alpha insertion still works when channel bypassed.
Parameters
* base — ISI peripheral base address
* index — Index of the region of interest, Could be 0, 1, 2, and 3.
* enable — True to enable, false to disable.

void ISI_ SetInputMemConfig(ISI_Type *base, const isi_input_mem_config_t *config)
Set the input memory configuration.

Parameters
* base — ISI peripheral base address
* config — Pointer to the configuration structure.

void ISI_ InputMemGetDefaultConfig(isi_input_mem_config_t *config)
Get the input memory default configurations.

The default configuration is:

config->adddr = 0U;
config->linePitchBytes = 0U;
config->framePitchBytes = 0U;
config->format = kISI_InputMemBGRS8P;
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Parameters
* config — Pointer to the configuration structure.

static inline void IST_ SetInputMemAddr(ISI_Type *base, uint32_t addr)
Set the input memory address.

This function only sets the input memory address, it is used for fast run-time setting.
Parameters
* base — ISI peripheral base address
* addr - Input memory address.

void ISI_ TriggerInputMemRead (ISI_Type *base)
Trigger the ISI pipeline to read the input memory.

Parameters
* base — ISI peripheral base address

static inline void IST_SetFlipMode(ISI_Type *base, isi_flip_mode_t mode)
Set the ISI channel flipping mode.

Parameters
* base — ISI peripheral base address
* mode — Flipping mode.

void ISI_SetOutputBufferAddr(ISI_Type *base, uint8_t index, uint32_t addrY, uint32_t addrU,
uint32_t addrV)

Set the ISI output buffer address.

This function sets the output buffer address and trigger the ISI to shadow the address, it is
used for fast run-time setting.

Parameters
* base — ISI peripheral base address
¢ index — Index of output buffer, could be 0 and 1.
* addrY — RGB or Luma (Y) output buffer address.
* addrU - Chroma (U/Cb/UV/CbCr) output buffer address.
* addrV - Chroma (V/Cr) output buffer address.

static inline void IST_Start(ISI_Type *base)
Start the ISI channel.

Start the ISI channel to work, this function should be called after all channel configuration
finished.

Parameters
* base — ISI peripheral base address

static inline void IST_ Stop(ISI_Type *base)
Stop the ISI channel.

Parameters
* base — ISI peripheral base address

FSL ISI DRIVER VERSION
ISI driver version.
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enum _ isi_ interrupt
ISI interrupts.
Values:

enumerator kISI_ MemReadCompletedInterrupt

Input memory read completed.
enumerator kISI_LineReceivedInterrupt

Line received.
enumerator kISI_FrameReceivedInterrupt

Frame received.
enumerator kISI AxiWriteErrorVInterrupt

AXI Bus write error when storing V data to memory.
enumerator kISI_AxiWriteErrorUlnterrupt

AXI Bus write error when storing U data to memory.
enumerator kISI AxiWriteErrorYInterrupt

AXI Bus write error when storing Y data to memory.
enumerator kISI AxiReadErrorInterrupt

AXI Bus error when reading the input memory.

enum _ isi_output_ format

ISI output image format.
Values:
enumerator kISI_ OutputRGBAS8888

RGBAB888.
enumerator kISI_ OutputABGRS888

ABGR8888.
enumerator kISI_ OutputARGB8888

ARGB8888.
enumerator kISI_ OutputRGBX8888

RGBX8888 unpacked and MSB aligned in 32-bit.
enumerator kISI_ OutputXBGRS888

XBGR8888 unpacked and LSB aligned in 32-bi