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Chapter 1
Introduction

The MCUXpresso Software Development Kit (MCUXpresso SDK) is a collection of software enablement
for NXP Microcontrollers that includes peripheral drivers, multicore support and integrated RTOS support
for FreeRTOSTM | In addition to the base enablement, the MCUXpresso SDK is augmented with
demo applications, driver example projects, and API documentation to help users quickly leverage
the support provided by MCUXpresso SDK. The MCUXpresso SDK Web Builder is available to
provide access to all MCUXpresso SDK packages. See the MCUXpresso Software Development Kit (SD-
K) Release Notes (document MCUXSDKRN) in the Supported Devices section at MCUXpresso—SDK:
Software Development Kit for MCUXpresso for details.

The MCUXpresso SDK is built with the following runtime software components:

« Arm® and DSP standard libraries, and CMSIS-compliant device header files which provide direct
access to the peripheral registers.

* Peripheral drivers that provide stateless, high-performance, ease-of-use APIs. Communication
drivers provide higher-level transactional APIs for a higher-performance option.

* RTOS wrapper driver built on top of MCUXpresso SDK peripheral drivers and leverage native RT-
OS services to better comply to the RTOS cases.

* Real time operation systems (RTOS) for FreeRTOS OS.

* Stacks and middleware in source or object formats including:

* CMSIS-DSP, a suite of common signal processing functions.

* The MCUXpresso SDK comes complete with software examples demonstrating the usage of the
peripheral drivers, RTOS wrapper drivers, middleware, and RTOSes.

The peripheral drivers and RTOS driver wrappers can be used across multiple devices within the product
family without modification. The configuration items for each driver are encapsulated into C language
data structures. Device-specific configuration information is provided as part of the MCUXpresso SDK
and need not be modified by the user. If necessary, the user is able to modify the peripheral driver and
RTOS wrapper driver configuration during runtime. The driver examples demonstrate how to configure
the drivers by passing the proper configuration data to the APIs. The folder structure is organized to reduce
the total number of includes required to compile a project.

The rest of this document describes the API references in detail for the peripheral drivers and RT-
OS wrapper drivers. For the latest version of this and other MCUXpresso SDK documents, see the
mcuxpresso.nxp.com/apidoc/.
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Deliverable

Location

Demo Applications

<install_dir>/boards/<board_name>/demo_-
apps

Driver Examples <install_dir>/boards/<board_name>/driver_-
examples

Documentation <install_dir>/docs

Middleware <install_dir>/middleware

Drivers <install_dir>/<device_name>/drivers/

CMSIS Standard Arm Cortex-M Headers, math
and DSP Libraries

<install_dir>/CMSIS

Device Startup and Linker

<install_dir>/<device_name>/<toolchain>/

MCUXpresso SDK Utilities

<install_dir>/devices/<device_name>/utilities

RTOS Kernel Code

<install_dir>/rtos

MCUXpresso SDK Folder Structure

MCUXpresso SDK APT ReferenceMappal
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Chapter 2
Trademarks

Information in this document is provided solely to enable system and software implementers to use NXP
products. There are no express or implied copyright licenses granted hereunder to design or fabricate any
integrated circuits based on the information in this document. NXP reserves the right to make changes
without further notice to any products herein.

How to Reach Us:
Home Page: nxp.com
Web Support: nxp.com/support

NXP makes no warranty, representation, or guarantee regarding the suitability of its products for any
particular purpose, nor does NXP assume any liability arising out of the application or use of any product
or circuit, and specifically disclaims any and all liability, including without limitation consequential or
incidental damages. “Typical” parameters that may be provided in NXP data sheets and/or specifications
can and do vary in different applications, and actual performance may vary over time. All operating
parameters, including “typicals,” must be validated for each customer application by customer’s technical
experts. NXP does not convey any license under its patent rights nor the rights of others. NXP sells
products pursuant to standard terms and conditions of sale, which can be found at the following address:
nxp.com/SalesTermsandConditions.

NXP, the NXP logo, NXP SECURE CONNECTIONS FOR A SMARTER WORLD, COOLFLUX, EM-
BRACE, GREENCHIP, HITAG, I12C BUS, ICODE, JCOP, LIFE VIBES, MIFARE, MIFARE CLASSIC,
MIFARE DESFire, MIFARE PLUS, MIFARE FLEX, MANTIS, MIFARE ULTRALIGHT, MIFARE4M-
OBILE, MIGLO, NTAG, ROADLINK, SMARTLX, SMARTMX, STARPLUG, TOPFET, TRENCHM-
OS, UCODE, Freescale, the Freescale logo, AltiVec, C-5, CodeTEST, CodeWarrior, ColdFire, ColdFire+,
C-Ware, the Energy Efficient Solutions logo, Kinetis, Layerscape, MagniV, mobileGT, PEG, PowerQUI-
CC, Processor Expert, QorlQ, QorlQ Qonverge, Ready Play, SafeAssure, the SafeAssure logo, StarCore,
Symphony, VortiQa, Vybrid, Airfast, BeeKit, BeeStack, CoreNet, Flexis, MXC, Platform in a Package,
QUICC Engine, SMARTMOS, Tower, TurboLink, and UMEMS are trademarks of NXP B.V. All other
product or service names are the property of their respective owners. AMBA, Arm, Arm7, Arm7TD-
MI, Arm9, Arml11, Artisan, big. LITTLE, Cordio, CoreLink, CoreSight, Cortex, DesignStart, Dynam-
1Q, Jazelle, Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore, Socrates, Thumb,
TrustZone, ULINK, ULINK?2, ULINK-ME, ULINK-PLUS, ULINKpro, Vision, Versatile are trademarks
or registered trademarks of Arm Limited (or its subsidiaries) in the US and/or elsewhere. The related
technology may be protected by any or all of patents, copyrights, designs and trade secrets. All rights
reserved. Oracle and Java are registered trademarks of Oracle and/or its affiliates. The Power Architecture
and Power.org word marks and the Power and Power.org logos and related marks are trademarks and
service marks licensed by Power.org.

© 2021 NXP B.V.

- MCUXpresso SDK API ReferenceManual
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Chapter 3
Architectural Overview

This chapter provides the architectural overview for the MCUXpresso Software Development Kit (MCU-
Xpresso SDK). It describes each layer within the architecture and its associated components.

Overview
The MCUXpresso SDK architecture consists of five key components listed below.

1. The Arm Cortex Microcontroller Software Interface Standard (CMSIS) CORE compliance device-
specific header files, SOC Header, and CMSIS math/DSP libraries.

2. Peripheral Drivers
3. Real-time Operating Systems (RTOS)
4. Stacks and Middleware that integrate with the MCUXpresso SDK
5. Demo Applications based on the MCUXpresso SDK
Demo applications and driver examples
r(.. ﬂ.\"l
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£ =
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— USE Device FatFs Fle IwIP TCPIP DMA
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MCUXpresso SDK Block Diagram
MCU header files

Each supported MCU device in the MCUXpresso SDK has an overall System-on Chip (SoC) memory-

MCUXpresso SDK APT ReferenceMappal
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mapped header file. This header file contains the memory map and register base address for each peripheral
and the IRQ vector table with associated vector numbers. The overall SoC header file provides access to
the peripheral registers through pointers and predefined bit masks. In addition to the overall SoC memory-
mapped header file, the MCUXpresso SDK includes a feature header file for each device. The feature
header file allows NXP to deliver a single software driver for a given peripheral. The feature file ensures
that the driver is properly compiled for the target SOC.

CMSIS Support

Along with the SoC header files and peripheral extension header files, the MCUXpresso SDK also includes
common CMSIS header files for the Arm Cortex-M core and the math and DSP libraries from the latest
CMSIS release. The CMSIS DSP library source code is also included for reference.

MCUXpresso SDK Peripheral Drivers

The MCUXpresso SDK peripheral drivers mainly consist of low-level functional APIs for the MCU
product family on-chip peripherals and also of high-level transactional APIs for some bus drivers/DM-
A driver/eDMA driver to quickly enable the peripherals and perform transfers.

All MCUXpresso SDK peripheral drivers only depend on the CMSIS headers, device feature files, fsl_-
common.h, and fsl_clock.h files so that users can easily pull selected drivers and their dependencies into
projects. With the exception of the clock/power-relevant peripherals, each peripheral has its own driver.
Peripheral drivers handle the peripheral clock gating/ungating inside the drivers during initialization and
deinitialization respectively.

Low-level functional APIs provide common peripheral functionality, abstracting the hardware peripheral
register accesses into a set of stateless basic functional operations. These APIs primarily focus on the
control, configuration, and function of basic peripheral operations. The APIs hide the register access
details and various MCU peripheral instantiation differences so that the application can be abstracted from
the low-level hardware details. The API prototypes are intentionally similar to help ensure easy portability
across supported MCUXpresso SDK devices.

Transactional APIs provide a quick method for customers to utilize higher-level functionality of the
peripherals. The transactional APIs utilize interrupts and perform asynchronous operations without
user intervention. Transactional APIs operate on high-level logic that requires data storage for internal
operation context handling. However, the Peripheral Drivers do not allocate this memory space. Rather,
the user passes in the memory to the driver for internal driver operation. Transactional APIs ensure the
NVIC is enabled properly inside the drivers. The transactional APIs do not meet all customer needs, but
provide a baseline for development of custom user APIs.

Note that the transactional drivers never disable an NVIC after use. This is due to the shared nature of
interrupt vectors on devices. It is up to the user to ensure that NVIC interrupts are properly disabled after
usage is complete.

Interrupt handling for transactional APIs
A double weak mechanism is introduced for drivers with transactional API. The double weak indicates

two levels of weak vector entries. See the examples below:

PUBWEAK SPIO_IRQHandler
PUBWEAK SPIO_DriverIRQHandler
SPIO_TIRQHandler

- MCUXpresso SDK API ReferenceManual
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LDR RO, =SPIO_DriverIRQHandler
BX RO

The first level of the weak implementation are the functions defined in the vector table. In the devices/<D-
EVICE_NAME>/<TOOLCHAIN>/startup_<DEVICE_NAME>s/.S file, the implementation of the
first layer weak function calls the second layer of weak function. The implementation of the second
layer weak function (ex. SPIO_DriverIRQHandler) jumps to itself (B). The MCUXpresso SDK drivers
with transactional APIs provide the reimplementation of the second layer function inside of the peripheral
driver. If the MCUXpresso SDK drivers with transactional APIs are linked into the image, the SPIO_-
DriverIRQHandler is replaced with the function implemented in the MCUXpresso SDK SPI driver.

The reason for implementing the double weak functions is to provide a better user experience when using
the transactional APIs. For drivers with a transactional function, call the transactional APIs and the drivers
complete the interrupt-driven flow. Users are not required to redefine the vector entries out of the box. At
the same time, if users are not satisfied by the second layer weak function implemented in the MCU-
Xpresso SDK drivers, users can redefine the first layer weak function and implement their own interrupt
handler functions to suit their implementation.

The limitation of the double weak mechanism is that it cannot be used for peripherals that share the same
vector entry. For this use case, redefine the first layer weak function to enable the desired peripheral
interrupt functionality. For example, if the MCU’s UARTO and UART1 share the same vector entry,
redefine the UARTO_UART1_IRQHandler according to the use case requirements.

Feature Header Files

The peripheral drivers are designed to be reusable regardless of the peripheral functional differences from
one MCU device to another. An overall Peripheral Feature Header File is provided for the MCUXpresso
SDK-supported MCU device to define the features or configuration differences for each sub-family device.

Application
See the Getting Started with MCUXpresso SDK document (MCUXSDKGSUG).

NXP Semiconductors 6



Chapter 4
Clock Driver

4.1 Overview
The MCUXpresso SDK provides APIs for MCUXpresso SDK devices’ clock operation.
The clock driver supports:

* Clock generator (PLL, FLL, and so on) configuration
* Clock mux and divider configuration
* Getting clock frequency

Files
« file fsl clock.h

Data Structures

e struct clock_arm_pll_config_t
PLL configuration for ARM. More...
* struct clock_usb_pll_config_t
PLL configuration for USB. More...
* struct clock_sys_pll_config t
PLL configuration for System. More...
e struct clock_audio_pll_config_t
PLL configuration for AUDIO and VIDEO. More...
e struct clock_video_pll_config_t

PLL configuration for AUDIO and VIDEO. More...
* struct clock_enet_pll_config_t

PLL configuration for ENET. More...

Macros
o #define FSI._SDK_DISABLE_DRIVER_CLOCK_CONTROL 0

Configure whether driver controls clock.
#define CCSR_OFFSET 0x0C
CCM registers offset.
#define PLL._ARM_OFFSET 0x00
CCM Analog registers offset.
#define CCM_ANALOG_TUPLE(reg, shift) ((((reg)&0xFFFU) << 16U) | (shift))

CCM ANALOG tuple macros to map corresponding registers and bit fields.
#define CLKPN_FREQ 0U

clocklPN frequency.
#define ADC_CLOCKS

Clock ip name array for ADC.
#define AOI_CLOCKS

MCUXpresso SDK APT ReferenceMappal
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Overview