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Chapter 1
Introduction

The Kinetis software development kit (KSDK) is an extensive suite of robust hardware interface and
hardware abstraction layers, peripheral drivers, RTOS abstractions, stacks, and middleware designed to
simplify and accelerate application development on Freescale Kinetis MCUs. The addition of Processor
Expert technology for software and board configuration provides unmatched ease of use and flexibility.

Included in the Kinetis SDK is full source code under a permissive open-source license for all hardware
abstraction and peripheral driver software. Mainline releases include support for a collection of Kinetis
MCUs, whereas standalone releases offer support for one or a few additional Kinetis MCUs only. See the
Release Notes and the Supported Devices section on www . freescale.com/ksdk for details.

The Kinetis SDK consists of the following runtime software components written in C:

‘ Stacks and Middleware ‘

CMSIS Core 50C Header, CMSIS
Header Files IP Extension Header Files DSP
Hardware

ARM® CMSIS Core and DSP standard libraries and CMSIS-compliant device header files
which provide direct access to the peripheral registers and bits
* An open-source hardware abstraction layer (HAL) that provides a simple, stateless driver with an
API encapsulating the low-level functions of the peripheral
» System services for centralized resources including a clock manager, interrupt manager, low-power
manager, and a hardware timer
* Open-source, high-level peripheral drivers that build upon the HAL layer and may utilize one or
more of the system services; drivers may be used as-is or as a reference for creating custom drivers
* An operating system abstraction (OSA) layer for adapting applications for use with a real time
operating system (RTOS) or bare metal (no RTOS) applications. OSAs are provided for:
— Freescale MQX™ RTOS
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FreeRTOS
Micrium uC/OS-11
Micrium uC/OS-111
bare-metal (no RTOS)
* Stacks and middleware in source or object formats including:
— a USB device, host, and OTG stack with comprehensive USB class support
— CMSIS-DSP, a suite of common signal processing functions
— FatFs, a FAT file system for small embedded systems
— Encryption software utilizing the mmCAU hardware acceleration unit

The Kinetis SDK comes complete with software examples demonstrating the usage of the hardware ab-
straction layer, peripheral drivers, middleware, and RTOSes. All examples are provided with projects for
the following toolchains:

* Atollic TrueSTUDIO

GNU toolchain for ARM® Cortex®-M with Cmake build system
IAR Embedded Workbench

Keil MDK

Kinetis Design Studio

IwIP, a lightweight TCPIP networking stack

The HAL, peripheral drivers and system services can be used across multiple devices within the Kinetis
product family without code modification. The configurable items for each driver, at all levels, are en-
capsulated into C language data structures. Kinetis devices specific configuration information is provided
as part of the KSDK and need not be modified by the user. HAL, peripheral driver, and system services
configuration is not fixed and can be changed at runtime. Optionally, the entire driver set can be pre-built
into a library.

The example applications demonstrate how to configure the drivers by passing configuration data to the
APIs. In addition to the software source, Processor Expert is provided as a time-saving option for software
and board configuration. Processor Expert is a complimentary PC-hosted software configuration tool
(Eclipse plug-in) with complete knowledge of all Kinetis MCUs. It provides a graphical user interface to
handle MCU-specific board configuration and driver tuning tasks including:

» Optional generation of low-level device initialization code for post-reset configuration
* Package 1/0O allocation and pin initialization source code generation
* Creation and management of HAL and peripheral driver C source configuration data structures

The organization of files in the Kinetis SDK release package is focused on ease-of-use. The Kinetis SDK
folder hierarchy is organized at the top level with these folders:
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Deliverable

Location

Examples

<install_cir=examples/...

Cemo applications

<install_dir=sxampls’<board_namesdamo_apps’,.

Criver examples

zinstall_dir=examples/<board_namesdriver examples /.

Docurmesntation

<install =)

MK Decurmentation

wimstall dirdoc frioes 'mop,

LISE Documentation

winstall dir=cocfush',.,

MK ATCS Dasums ntatiam

<install_dir=idoc A plpimgx_recs/...

el P Documentation

cimstall dirsidoc Ao pipbwip .

M MFS Documentation

winstall_dir=doc fikbsystamimgx. mis!,

Frojecists build libranes

linstall cir=/liky...

Micllleveare

sinstall_dir=micklisvam’, ..

TCPAP stacks

<install dir=/micliessvaraetc pip'..

File Syatem

install clir=micliesansTiesystam,...

Crverlibrary, startup code ard utiliies

=install_dir=pltiorm’...

Caorex Micrssontaller Softwars Inteface Standarnd
(CMSIS)ARM Cortex™M headear files, DEP library

source, and IP extension headsrfiles

sinstall dir=phitform CUMSIS,

Compaosite driverafor S0-card and Soundeard
support

=install_dir=phtformcomposita’..

Linkercontrol filesbor sach supported tool chain

<install_dir=/platformdey ces <board_nameslinke, . .

CMSEIS compliant Startup Code

winstall dir="phtform’ desicos =hoand. namaesstarup’.,

Peripheral Drivers

cinstall dir=phtformdrivers,.

Harchwars Abstraction Laysr

<install_dir=platformhal’. ..

05 Abstraction for Bare Metal and RTOS

winstall_dir=phitformiosal.,

Syzlem Senices such as clock manager, interrupt
manager, unified hardwars timer, and bow power
manager

<Install dir=phiformsystam/...

Liilitizz such as debug consale

winstall dir-phtform utiitios,

ATOS Kemel Code, RTOS abstraction
implementatons, and RTOS kermnelfolders

cinstall dir=rios...

APmcessor Expen servics pack and emake
oo lzhain filez.,

clnstall_clir=tooks

LISE slack

<install dir=usly'...

Ltilitias such asz sheall and standard libraries

<install_dir=/ufilitias...

The rest of the document describes the API references in detail for HAL and Peripheral drivers.

For the latest version of this and other Kinetis SDK documents, see the Kinetis SDK homepage www . —

freescale.com/ksdk.
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Chapter 2
Architectural Overview

This chapter provides the architectural overview for the Kinetis Software Development Kit (KSDK). It
describes each layer within the architecture and its associated components.

Overview
The KSDK architecture consists of eight key components listed below.

1. The ARM Cortex Microcontroller Software Interface Standard (CMSIS) CORE compliance device
specific header files, SOC Header, IP Extension Header Files, and CMSIS DSP libraries.

System Services

Hardware Abstraction Layer

Peripheral Driver Layer

Real-time Operating System (RTOS) Abstraction Layer

Board-specific configuration

Stack and Middleware that integrate with KSDK

8. Applications based on the KSDK architecture

A

This image shows how each component stacks up.

The Kinetis SDK consists of these runtime software components written in C:

‘ Stacks and Middlewsre ‘

CMSIS Core S50C Header, CMSIS
Header Files IP Extension Header Files DSP
Hardware
Kinetis MCU header files

The KSDK contains CMSIS-compliant device-specific header files which provide direct access to the
Kinetis MCU peripheral registers. Each supported Kinetis MCU device in KSDK has an overall System-
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on-Chip (SoC) memory-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 an access to the peripheral registers through pointers and predefined masks.

In addition to the overall SoC memory-mapped header file, the KSDK includes extension header files for
each peripheral instantiated on the Kinetis MCU. The extension header files take advantage of the bit band
feature when reading from or writing to 1-bit wide fields within a register. Macros are provided in the SoC
memory-mapped header files for accessing register bit fields. When accessing the register macros in the
extension header file, the user must pass in the register base address for the desired peripheral as a pointer
to <IP>_Type structure. The KSDK HAL Driver (discussed later) API functions take in the base address
and then passes this into the extension header file macros for peripheral register accesses.

Along with the SoC header files and peripheral extension header files, the KSDK also includes common
CMSIS header files for the ARM Cortex-M core and DSP library from the latest CMSIS release. The C-
MSIS DSP library source code is also included for reference. These files and the above mentioned header
files can all be found in the KSDK platform/CMSIS directory.

System Services

The KSDK System Services contain a set of software entities that can be used by the Peripheral Drivers.
They may be used with HAL Drivers to build the Peripheral Drivers or they can be used by an application
directly. The following sections describe each of the System Services software entities. These System
Services are in the KSDK platform/system directory.

Interrupt Manager

The Interrupt Manager provides functions to enable and disable individual interrupts within the Nested
Vector Interrupt Controller (NVIC). It also provides functions to enable and disable the ARM core global
interrupt (via the CPSIE and CPSID instructions) for bare-metal critical section implementation. In addi-
tion to providing functions for interrupt enabling and disabling, the Interrupt Manager provides Interrupt
Service Routine (ISR) registration that allows the application software to register or replace the interrupt
handler for a specified IRQ vector. The KSDK drivers do not set interrupt priorities. The interrupt priority
scheme is entirely determined by the specific application logic and its setting is handled by the user appli-
cation. The user application manages the interrupt priorities by using the NVIC functions provided in the
ARM Cortex-M core CMSIS header file.

Clock Manager

The Clock Manager provides centralized clock-related functions for the entire system. It can dynamically
set the system clock and perform clock gating/un-gating for specific peripherals. The Clock Manager
also maintains knowledge of the clock sources required for each peripheral and provides functions to
obtain the clock frequency for each supported clock used by the peripheral. The Clock Manager provides
a notification framework which the software component of the KSDK, such as drivers, uses to register
callback functions and execute the predefined code flow during the clock mode transition.

Power Manager

The Power Manager provides centralized power-related functions for the entire system. It dynamically
sets the system power mode and configures the LLWU wakeup setting. The Clock Manager provides
a notification framework which the software component of the KSDK, such as drivers, uses to register
callback functions and execute the predefined code flow during the clock mode transition.

Kinetis SDK v.1.2 API Reference Manual
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Unified Hardware (HW) Timer

The Unified HW Timer provides a common timer interface that can be linked with any supported Kinetis
MCU hardware timer peripheral or with the ARM core system timer (SysTick) to perform basic timer
operations. It can be used as a shared timer capable of microsecond resolution for bare-metal use-cases,
such as to time guard busy loops. It can also be used when interfacing with an RTOS to provide operating
system (OS) time ticks. Future implementations of the Unified HW Timer will take advantage of low
power timer peripherals that will allow OS ticks to continue when the system is in various lower power
modes.

Hardware Abstraction Layer (HAL)

The KSDK HAL consists of low-level drivers for the Kinetis MCU product family on-chip peripherals.
The main goal is to abstract the hardware peripheral register accesses into a set of stateless basic functional
operations. The HAL itself can be used with system services to build application-specific logic or as
building blocks for use-case driven high-level Peripheral Drivers. It primarily focuses on the functional
control, configuration, and realization of basic peripheral operations. The HAL hides register access
details and various MCU peripheral instantiation differences so that, either an application or high-level
Peripheral Drivers, can be abstracted from the low-level HW details. Therefore, hardware peripheral must
be accessed through HAL.

The HAL can also support some high-level functions with certain logic, provided these high-level func-
tions do not depend on functions from other peripherals, nor impose any action to be taken in interrupt
service routines. For example, the UART HAL provides a blocking byte-send function that relies only
on the features available in the UART peripheral itself. These high-level functions enhance the usability
of the HAL but remain stateless and independent of other peripherals. Essentially, the HAL functional
boundary is limited by the peripheral itself. There is one HAL driver for each peripheral and the HAL
only accesses the features available within the peripheral. In addition, the HAL does not define inter-
rupt service routine entries or support interrupt handling. These tasks must be handled by a high-level
Peripheral Driver together with the Interrupt Manager.

The HAL drivers can be found in the KSDK platform/hal directory.
Feature Header Files

The HAL is designed to be reusable regardless of the peripheral configuration differences from one Kinetis
MCU device to another. An overall Peripheral Feature Header File is provided for KSDK-supported MCU
device to define the feature or configuration differences for each Kinetis sub-family device.

Design Guidelines

This section summarizes the design guidelines that were used to develop the HAL drivers. It is meant for
information purposes and provides more details on the make-up of the HAL drivers. As previously stated,
the main goal of the HAL is to abstract the hardware details and provide a set of easy-to-use low-level
drivers. The HAL itself can be used directly by the user application; in this case, the high-level Peripheral
Drivers that are built on top of the HAL serve as a reference implementation and to demonstrate the H-
AL usage. The HAL is mainly focused on individual functional primitives and makes no assumption of
use-cases. It also implements some high-level functions with certain logic without dependencies from
other peripherals and does not impose any interrupt handling. The HAL APIs follow a naming convention
that is consistent from one peripheral to the next. This is a summary of the design guidelines used when
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developing the HAL drivers:

* There is a dedicated HAL driver for each individual peripheral. Peripherals with different versions or
configurations are treated as the same peripheral with differences handled through a feature header
file. HAL should hide both the peripheral and MCU details and differences from the high-level
application and drivers.

* Each HAL driver has an initialization function to put the peripheral into a known default state (i.e.,
the peripheral reset state). There is no corresponding de-initialization function.

* Each HAL driver has an enable and disable function to enable or disable the peripheral module.

* The HAL driver does not have an internal operation context and should not dynamically allocate
memory.

* The HAL provides both blocking and non-blocking functions for peripherals that support data
transaction-related operations.

* The HAL may implement high-level functions based on abstracted functional primitives, provided
this implementation does not depend on functions outside of the peripheral and does not involve
interrupt handling. The HAL must remain stateless.

* The HAL driver does not depend on any other software entities or invoke any functions from other
peripherals.

Peripheral Drivers

The KSDK Peripheral Drivers are use-case driven high-level drivers that implement high-level logic trans-
actions based on one or more HAL drivers, other Peripheral Drivers, and/or System Services. Consider,
for example, the differences in the UART HAL and the UART Peripheral Driver. The UART HAL
mainly focuses on byte-level basic functional primitives, while the UART Peripheral Driver operates on
an interrupt-driven level using data buffers to transfer a stream of bytes and may be able to interface with
DMA Peripheral Driver for DMA-enabled transfers between data buffers. In general, if a driver, that is
mainly based on one peripheral, interfaces with functions beyond its own HAL and/or requires interrupt
servicing, the driver is considered a high-level Peripheral Driver.

The KSDK Peripheral Drivers support all instances of each peripheral instantiated on the Kinetis MCU
by using a simple integer parameter for the peripheral instance number. Each Peripheral Driver includes a
“common” file, denoted as fsl_<peripheral>_common.c (where <peripheral > is the name of the periph-
eral for which the driver is written). This file contains the translation of the peripheral instance number to
the peripheral register base address, which is then passed into the HAL. Hence, the user of the Peripheral
Driver does not need to know the peripheral memory-mapped base address.

The Peripheral Drivers operate on a 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 for the driver internal operation through the driver initialization function. Note that HAL is
used for MCUs with restricted RAM and FLASH size.

The Peripheral Drivers are designed to handle the entire functionality for a targeted use-case. An ap-
plication should be able to use only the Peripheral Driver to accomplish its purpose. The mixing of the
Peripheral Driver and HAL by an application for the same peripheral can be done, but is discouraged for
architectural cleanliness and to avoid cases where bypassing the Peripheral Driver results in logic errors
within the Peripheral Driver.

The Peripheral Drivers can be found in the KSDK platform/drivers directory.
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Interrupt Handling

Interrupt-driven Peripheral Drivers are designed to service all interrupts for their desired functionality.
Each Peripheral Driver implements a set of easy-to-use APIs for a particular use-case. Each Peripheral
Driver also exposes interrupt functions that implement all actions taken when serving a particular interrupt.
These interrupt action functions take in the peripheral instance number as an input parameter. All Interrupt
Service Routine (ISR) entries for the Peripheral Driver are implemented in a separate C file named the fsl-
_<peripheral>_irq.c, which is located in the top level of the Peripheral Driver folder. The ISR entries
invoke a corresponding interrupt action functions that are implemented in the driver and are exposed as
part of the driver public interfaces. Each interrupt action function is hard coded with the peripheral instance
number. Note that the IRQ file depends on the Peripheral Driver but the driver does not depend on the IRQ
file.

The CMSIS startup code contains the vector table with the ISR entry names which are defined as weak
references. The Peripheral Driver ISR entry names match the names defined in the vector table such that
these newly-defined ISR entries in the driver replace the weak references defined in the vector table. There
is no dependency on the location of the vector table. However, if the vector table is re-located (normally
to RAM), the ISR entry names should remain consistent.

Each Peripheral Driver IRQ file defines the ISR entries for all instances of the peripheral instantiated on
the MCU. Any unused ISR entries can be safely deleted in the user application. Note that, when building
driver libraries for a particular MCU, the IRQ files are not part of the library build. When developing an
application, however, include these IRQ files into the application project space.

If you want to use the HAL to directly build an interrupt-driven application or a high-level driver, define
the ISR entries to service needed interrupts. The ISR entry names have to match the names of the ISR
entry names provided in the CMSIS startup code vector table. Normally, the vector table is relocated to
RAM during system startup and the ISR entry names remain unchanged. However, should these ISR entry
names change, the user is required to register the newly defined ISR entry table names by invoking the
Interrupt Manager registration function.

When working with an RTOS, if the target operating system has its own interrupt handling mechanism, the
user’s ISR has to dynamically register the internal vector table maintained inside the OS via the service
routine provided by the OS. Some operating systems do not have dedicated interrupt handling, and no
special handling is required. Most of the RTOSes designed for the Cortex-M core use PendSV exceptions
for scheduling. The PendSV exceptions are low priority and execute only when all other interrupts have
been serviced. There are special cases where interrupt handling prologues and epilogues have to be called
at the beginning and at the end of an ISR to inform the OS of the entry and exit of an ISR so that the
OS scheduler does not trigger a rescheduling event while the system is servicing interrupts. The OS
Abstraction layer provides prologues and epilogues in a uniform API for all supported OS.

Peripheral Driver Types

Peripheral Drivers are designed and operated on use-case driven high-level logic. For that reason, the
interaction between a Peripheral driver and other software components has a few limitations. This is a list
of typical KSDK Peripheral Driver types to demonstrate this concept:

* Peripheral Drivers that use one HAL for a particular IP and system services
* Peripheral Drivers that use multiple HAL components and System Services. An example involves
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a Peripheral Driver that uses both the DMA HAL and the 12C HAL to build a DMA-enabled high-
level 12C driver. At the same time, a DMA Peripheral Driver already exists and provides the overall
DMA channel management. In this situation, issues can arise for the dedicated DMA Peripheral
Driver because it is unaware of use of resources for the DMA-enabled 12C driver that accesses the
DMA HAL directly. In this case, the KSDK Peripheral Drivers will only use the DMA HAL when
configuring the DMA Transfer Control Descriptor for a particular channel that is dedicated to the
driver and avoid using the DMA HAL to change the DMA peripheral control registers. The DMA
channel allocation for a particular Peripheral Driver is normally assigned during the initialization
of the peripheral by calling the DMA Peripheral Driver channel request function. In this way, the
DMA maintains a used channel registry.

* Peripheral Drivers that use a combination of HAL, other Peripheral Drivers, and System Services
for solution-based composite high level drivers.

Design guidelines

This section summarizes the design guidelines to develop the Peripheral Drivers. In this list, the term
Peripheral Driver is replaced with the acronym “PD””:

* The PD does not directly access hardware registers and only uses HAL to interface with hardware.
It uses other PDs indirectly to access hardware functions.

* The PD does not dynamically allocate memory and does not assume any static configuration at
compile-time. It supports run-time configurations by taking in a configuration data structure from
the Application in an initialization function. This initialization function also takes in the memory
allocated for internal operational context storage needs. The PD only reads from the configuration
data structure. The configuration data structure is defined as “const”.

* The PD supports an initialization function and has a corresponding de-initialization function.

* The PD supports both blocking and non-blocking functions for data transactions.

* The PD does not depend on any software or hardware entities that do not relate to any of the pe-
ripherals available on the Kinetis platform. For example, the Ethernet (ENET) PD does not depend
on an external ENET PHY, even if the ENET PD does not function without an associated external
PHY.

e If the PD is built on top of HAL, the PD can work with any instance of the peripheral by taking
the instance number as a parameter. When global data is shared across multiple instances, the
global data access has to be protected when working with an RTOS. This can be done using the
critical section functions implemented as part of the RTOS abstraction. This data access protection
is addressed with the bare-metal OS abstraction implementation when no RTOS is used.

* When the ISR and other public API functions within the driver access the PD internal operation
context, that data must be defined as volatile so that compiler does not inadvertently optimize the
code resulting in an undesired functionality.

* The PD provides enough functions to allow the APIs provided by PD to meet the target use-case
implementation. The user application should not mix the use of both a PD and HAL .

* The PD does not configure pin muxing or set up interrupt priorities for related interrupts. Those
items are handled by the board-specific configuration and the application-specific logic.

Examples

The examples provided in the KSDK provide examples, which show how to build user applications using
the KSDK framework. The examples can be found in the KSDK top-level demo directory. The KSDK
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provides two classes of software examples

* Demo Applications: Full-featured applications intended to highlight key functionality of a MCU,
focusing on a particular use case.

* Driver Examples: Simple applications intended to concisely illustrate how to use the KSDK’s pe-
ripheral drivers.

Board Configuration

The KSDK drivers make no assumption on board-specific configurations nor do the drivers configure
pin muxing, which are part of the board-specific configuration. The KSDK provides board-configuration
files that un-gate clocks for related I/O ports, configure pin muxing for the entire board, and functions
that can be called before driver initialization. These board-configuration files can be found in the mcu-
sdk/examples/<BOARD>.

In addition, the KSDK also contains a set of drivers in the boards/common directory for common devices
(such as SPI flash and ENET PHY) found on the Kinetis platform evaluation boards. These drivers are
included mainly for a convenient out-of-box experience and to demonstrate how to build use-case-driven
reference designs.

OS Abstraction layer

The KSDK drivers are designed to work with or without an RTOS. The Operating System Abstraction
layer (OSA) is designed and implemented for supported RTOS to provide a common set of service routines
for drivers, integrated software solution, and upper-level applications so that a common code base can be
used regardless of the target OS.

The services supported by the OSA are driven by the driver requirements, supported middleware, and
applications. The OSA layer is designed to be as thin as possible. The OSA either maps the desired
services to the services provided by the target OS or implements the services that the target OS does not
support.

The OSA itself does not dynamically allocate memory for implementing an OS service component. In-
stead, the memory for OS components is allocated by the caller and is passed into the OSA for servicing.
The OSA drivers can be found in the KSDK platform/osa directory.

Software Stacks and other Middleware integration

The core of the Kinetis SDK is a set of common driver libraries built for all Kinetis MCU product family
peripherals. Kinetis SDK also provides a foundation for software stacks and other middleware. The KSD-
K integrates other Freescale or third party enablement software stacks, such as a USB stack and a TCP/IP
stack and other middleware, to offer a complete, easy-to-use, software development kit to the Kinetis M-
CU users. The KSDK framework integrates all Kinetis MCU software solutions for the Kinetis product
families.

Kinetis SDK v.1.2 API Reference Manual
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Chapter 3
16-bit SAR Analog-to-Digital Converter (ADC16)

3.1 Overview

The Kinetis SDK provides both HAL and Peripheral drivers for the 16-bit SAR Analog-to-Digital Con-
verter (ADC16) block of Kinetis devices.

Modules

* ADC16 HAL Driver
* ADCI16 Peripheral Driver

Kinetis SDK v.1.2 API Reference Manual
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3.2 ADC16 HAL Driver
3.2.1 Overview

This section describes the programming interface of the ADC16 HAL driver.

Data Structures

e struct adc16_chn_config_t

Defines the structure to configure the ADC16 channel. More...
* struct adc16_converter_config_t

Defines the structure to configure the ADCI16’s converter. More...
e struct adc16_hw_cmp_config_t

Defines the structure to configure the ADCI6 internal comparator. More...

Enumerations

e enum adc16_status_t {
kStatus_ ADC16_Success = 0U,
kStatus_ ADC16_InvalidArgument = 1U,
kStatus_ ADC16_Failed = 2U }

ADC16 status return codes.
e enum adc16_clk_divider_t {

kAdc16ClkDividerOf1 = 0U,
kAdc16CIlkDividerOf2 = 1U,
kAdc16CIkDividerOf4 = 2U,
kAdc16ClkDividerOf8 = 3U }

Defines the type of the enumerating divider for the converter.
* enum adc16_resolution_t {

kAdc16ResolutionBitOf8or9 = 0U,

kAdcl6ResolutionBitOfSingleEndAs8 = kAdc16ResolutionBitOf8or9,
kAdcl6ResolutionBitOfDiffModeAs9 = kAdc16ResolutionBitOf8or9,
kAdcl6ResolutionBitOf120rl13 = 1U,
kAdc16ResolutionBitOfSingleEndAs12 = kAdc16ResolutionBitOf120r13,
kAdc16ResolutionBitOfDiffModeAs13 = kAdcl6ResolutionBitOf120r13,
kAdc16ResolutionBitOf10orl11 = 2U,
kAdc16ResolutionBitOfSingleEndAs10 = kAdc16ResolutionBitOf10or11,
kAdcl16ResolutionBitOfDiffModeAs11 = kAdcl6ResolutionBitOf10or11 }

Defines the type of the enumerating resolution for the converter.
e enum adc16_clk_src_mode_t {

kAdc16ClkSrcOfBusClk = 0U,
kAdc16CIlkSrcOfAItCIk2 = 1U,
kAdc16CIlkSrcOfAItClk = 2U,
kAdc16ClkSrcOfAsynClk = 3U }
Defines the type of the enumerating source of the input clock.
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* enum adc16_long_sample_cycle_t {
kAdcl6LongSampleCycleOf24 = 0U,
kAdcl16LongSampleCycleOf16 = 1U,
kAdc16LongSampleCycleOf10 = 2U,
kAdc16LongSampleCycleOf4 = 3U }

Defines the type of the enumerating long sample cycles.
e enum adc16_ref volt_src_t {

kAdc16RefVoltSrcOfVref = 0U,
kAdc16RefVoltSrcOfValt = 1U }

Defines the type of the enumerating reference voltage source.
e enum adc16_chn_t {
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kAdc16Chn0 = 0U,
kAdc16Chnl = 1U,
kAdc16Chn2 = 2U,
kAdc16Chn3 = 3U,
kAdc16Chn4 = 4U,
kAdc16Chn5 = 5U,
kAdc16Chn6 = 6U,
kAdc16Chn7 = 7U,
kAdc16Chn8 = 8U,
kAdc16Chn9 =9U,
kAdc16Chnl0 = 10U,
kAdc16Chnll =11U,
kAdc16Chnl2 = 12U,
kAdc16Chnl3 = 13U,
kAdc16Chnl4 = 14U,
kAdc16Chnl5 = 15U,
kAdc16Chnl6 = 16U,
kAdc16Chnl7 = 17U,
kAdc16Chnl8 = 18U,
kAdc16Chnl9 = 19U,
kAdc16Chn20 = 20U,
kAdc16Chn21 = 21U,
kAdc16Chn22 = 22U,
kAdc16Chn23 = 23U,
kAdc16Chn24 = 24U,
kAdc16Chn25 = 25U,
kAdc16Chn26 = 26U,
kAdc16Chn27 = 27U,
kAdc16Chn28 = 28U,
kAdc16Chn29 = 29U,
kAdc16Chn30 = 30U,
kAdc16Chn31 = 31U,
kAdc16Chn0Od = kAdc16Chn0,
kAdc16Chnld = kAdc16Chnl,
kAdc16Chn2d = kAdc16Chn2,
kAdc16Chn3d = kAdc16Chn3,
kAdc16Chn4a = kAdc16Chn4,
kAdc16Chn5a = kAdc16ChnS,
kAdc16Chn6a = kAdc16Chn6,
kAdc16Chn7a = kAdc16Chn7,
kAdc16Chn4b = kAdc16Chn4,
kAdc16Chn5b = kAdc16ChnS5,
kAdc16Chn6b = kAdc16Chn6,
kAdc16Chn7b = kAdc16Chn7 }
Defines the type of enumerating ADC16’s channel index.
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Variables

* adcl6_chn_t adc16_chn_config_t::chnldx

Select the sample channel index.

* bool adc16_chn_config_t::convCompletedIntEnable

Enable the conversion complete interrupt.
bool adc16_converter_config_t::lowPowerEnable
Enable low power.

e adcl6_clk_divider_t adc16_converter_config_t::clkDividerMode
Select the divider of input clock source.

* bool adc16_converter_config_t::longSampleTimeEnable
Enable the long sample time.

* adcl6_resolution_t adc16_converter_config_t::resolution
Select the sample resolution mode.

* adcl6_clk_src_mode_t adc16_converter_config_t::clkSrc
Select the input clock source to converter.

* bool adc16_converter_config_t::asyncClkEnable
Enable the asynchronous clock inside the ADC.

* bool adc16_converter_config_t::highSpeedEnable
Enable the high speed mode.

* adcl6_long_sample_cycle_t adc16_converter_config_t::longSampleCycleMode
Select the long sample mode.

* bool adc16_converter_config_t::hwTriggerEnable
Enable hardware trigger function.

* adcl16_ref_volt_src_t adc16_converter_config_t::refVoltSrc
Select the reference voltage source.

* bool adc16_converter_config_t::continuousConvEnable
Enable continuous conversion mode.

* bool adc16_hw_cmp_config_t::hwCmpEnable
Enable the hardware compare function.

* bool adc16_hw_cmp_config_t::hwCmpGreaterThanEnable
Configure the compare function.

* bool adc16_hw_cmp_config_t::hwCmpRangeEnable
Configure the comparator function.

* uintl6_t adc16_hw_cmp_config_t::cmpValuel
Setting value for CV1.

* uintl6_t adc16_hw_cmp_config_t::cmpValue2
Setting value for CV2.

ADC16 HAL.

void ADC16_HAL_Init (ADC_Type *base)

Resets all registers into a known state for the ADC16 module.

* void ADC16_HAL_ConfigChn (ADC_Type *base, uint32_t chnGroup, const adc16_chn_config_t
xconfigPtr)

Configures the conversion channel for the ADC16 module.
* static bool ADC16_HAL_GetChnConvCompletedFlag (ADC_Type *base, uint32_t chnGroup)

Checks whether the channel conversion is completed.
* void ADC16_HAL_ConfigConverter (ADC_Type xbase, const adc16_converter_config_t xconfig-

Ptr)
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Configures the sampling converter for the ADCI6.
* void ADCI16_HAL_ConfigHwCompare (ADC_Type xbase, const adcl6_hw_cmp_config_-

t xconfigPtr)

Configures the hardware comparator function for the ADCI6.
e static uint16_t ADC16_HAL_GetChnConvValue (ADC_Type xbase, uint32_t chnGroup)

Gets the raw result data of channel conversion for the ADC16 module.

* static bool ADC16_HAL_GetConvActiveFlag (ADC_Type xbase)
Checks whether the converter is active for the ADC16 module.

3.2.2 Data Structure Documentation

3.2.2.1 struct adc16_chn_config_t

This type of variable is treated as the command to be set in ADC control register, which may execute the
ADC’s conversion.

Data Fields
¢ adcl16_chn_t chnldx

Select the sample channel index.
* bool convCompletedIntEnable

Enable the conversion complete interrupt.

3.2.2.2 struct adc16_converter_config_t

This type of variable is treated as a group of configurations. Most of the time, these configurations are a
one-time setting for converter sampling condition. Usually, they are set before executing the ADC16 job.

Data Fields

¢ bool lowPowerEnable
Enable low power.

e adcl16_clk_divider_t clkDividerMode

Select the divider of input clock source.
* bool longSampleTimeEnable

Enable the long sample time.
¢ adcl6_resolution_t resolution

Select the sample resolution mode.
e adcl6_clk_src_mode_t clkSrc

Select the input clock source to converter.

* bool asyncClkEnable

Enable the asynchronous clock inside the ADC.
* bool highSpeedEnable

Enable the high speed mode.
* adcl6_long_sample_cycle_t longSampleCycleMode

Select the long sample mode.

Kinetis SDK v.1.2 API Reference Manual
18 Freescale Semiconductor




g
ADC16 HAL Driver

* bool hwTriggerEnable

Enable hardware trigger function.
e adcl6_ref volt_src_t refVoltSrc

Select the reference voltage source.
* bool continuousConvEnable

Enable continuous conversion mode.

3.2.2.3 struct adc16_hw_cmp_config_t

Data Fields
* bool hwCmpEnable

Enable the hardware compare function.
bool hwCmpGreaterThanEnable
Configure the compare function.
bool hwCmpRangeEnable
Configure the comparator function.
uint16_t cmpValuel
Setting value for CV1.
uint16_t cmpValue2
Setting value for CV2.

3.2.3 Enumeration Type Documentation

3.2.3.1 enum adcl6_status t

Enumerator

kStatus ADC16_Success Success.
kStatus_ADC16_InvalidArgument Invalid argument existed.
kStatus_ADC16_Failed Execution failed.

3.2.3.2 enum adcl6_clk divider_t

Enumerator

kAdcl16ClkDividerOf1 For divider 1 from the input clock to ADC16.
kAdcl6ClkDividerOf2 For divider 2 from the input clock to ADC16.
kAdc16ClkDividerOf4 For divider 4 from the input clock to ADC16.
kAdc16CIkDividerOf8 For divider 8 from the input clock to ADC16.

3.2.3.3 enum adcl6_resolution_t

Enumerator

kAdc16ResolutionBitOf8or9 8-bit for single end sample, or 9-bit for differential sample.
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kAdcl6ResolutionBitOfSingleEndAs8 8-bit for single end sample.
kAdc16ResolutionBitOfDiffModeAs9 9-bit for differential sample.
kAdcl6ResolutionBitOf120or13 12-bit for single end sample, or 13-bit for differential sample.
kAdcl6ResolutionBitOfSingleEndAs12 12-bit for single end sample.
kAdcl6ResolutionBitOfDiffModeAs13 13-bit for differential sample.
kAdcl6ResolutionBitOf10or11 10-bit for single end sample, or 11-bit for differential sample.
kAdcl6ResolutionBitOfSingleEndAs10 10-bit for single end sample.
kAdcl16ResolutionBitOfDiffModeAs11 11-bit for differential sample.

3.2.3.4 enum adcl6_clk_src_mode t

Enumerator

kAdc16ClkSrcOfBusClk For input as bus clock.
kAdc16CIlkSrcOfAItCIk2 For input as alternate clock 2 (AltClk2).
kAdcl16ClkSrcOfAltClk For input as alternate clock (ALTCLK).
kAdc16ClkSrcOfAsynClk For input as asynchronous clock (ADACK).

3.2.3.5 enum adcl16_long_sample_cycle_t

Enumerator

kAdcl6LongSampleCycleOf24 20 extra ADCK cycles, 24 ADCK cycles total.
kAdcl6LongSampleCycleOf16 12 extra ADCK cycles, 16 ADCK cycles total.
kAdc16LongSampleCycleOf10 6 extra ADCK cycles, 10 ADCK cycles total.
kAdcl6LongSampleCycleOf4 2 extra ADCK cycles, 6 ADCK cycles total.

3.2.3.6 enum adcl6_ref volt src t

Enumerator

kAdcl6RefVoltSrcOfVref For external pins pair of VrefH and VrefL.
kAdcl6RefVoltSrcOfValt For alternate reference pair of ValtH and ValtL.

3.2.3.7 enum adcl6 _chn_t

Enumerator

kAdcl16Chn0 ADO.
kAdcl6Chnl ADI.
kAdcl16Chn2 AD?2.
kAdcl16Chn3 AD3.
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kAdcl16Chn4 ADA4.
kAdcl16Chn5 ADS.
kAdcl16Chn6 ADG.
kAdcl16Chn7 ADG6.
kAdcl16Chn8 ADS.
kAdc16Chn9 ADO.
kAdcl16Chnl0 ADI10.
kAdcl6Chnll ADII1.
kAdcl6Chnl2 ADI12.
kAdcl6Chnl3 ADI13.
kAdcl6Chnl4 ADI14.
kAdcl6Chnl5 ADI5.
kAdcl6Chnl6 ADI6.
kAdcl6Chnl7 ADI17.
kAdcl16Chnl8 ADI1S.
kAdcl6Chnl19 ADI19.
kAdcl16Chn20 AD?20.
kAdcl6Chn21 AD2I.
kAdcl6Chn22 AD?22.
kAdcl6Chn23 AD?23.
kAdc16Chn24 AD24.
kAdcl6Chn25 AD25.
kAdcl16Chn26 AD?26.
kAdcl6Chn27 AD27.
kAdcl6Chn28 AD?2S.
kAdc16Chn29 AD29.
kAdc16Chn30 AD30.
kAdcl6Chn31 AD?3I1.
kAdcl16Chn0d DADO.
kAdcl6Chnld DADI.
kAdcl16Chn2d DAD?2.
kAdc16Chn3d DAD3.
kAdcl16Chnd4a AD4a.
kAdcl16Chn5a ADS5a.
kAdc16Chn6a AD6a.
kAdcl6Chn7a AD7a.
kAdc16Chn4b ADA4b.
kAdcl16Chn5b ADSb.
kAdcl16Chn6b ADG6D.
kAdcl16Chn7b AD7b.
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3.2.4 Function Documentation

3.2.4.1 void ADC16_HAL_Init ( ADC_Type * base )

This function resets all registers into a known state for the ADC module. This known state is the reset
value indicated by the Reference manual. It is strongly recommended to call this API before any other
operation when initializing the ADC16 module.

Parameters

base | Register base address for the module.

3.2.4.2 void ADC16_HAL_ConfigChn ( ADC_Type * base, uint32_t chnGroup, const
adc16_chn_config_t + configPtr )

This function configures the channel for the ADC16 module. At any point, only one of the configuration
groups takes effect. The other channel group of the first group (group A, 0) is only for the hardware trigger.
Both software and hardware trigger can be used to the first group. When in software trigger mode, after
the available channel is set, the conversion begins to execute.

Parameters

base | Register base address for the module.

chnGroup | Channel configuration group ID.

configPtr | Pointer to configuration structure.

3.2.4.3 static bool ADC16_HAL_GetChnConvCompletedFlag ( ADC_Type x base, uint32_t
chnGroup ) [inline], [static]

This function checks whether the channel conversion for the ADC module is completed.

Parameters

base | Register base address for the module.

chnGroup | Channel configuration group ID.

Returns

Assertion of completed conversion mode.
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3.2.4.4 void ADC16_HAL_ConfigConverter ( ADC_Type * base, const
adc16_converter_config_t « configPtr )

This function configures the sampling converter for the ADC16. Most of the time, the configurations are
a one-time setting for the converter sampling condition. Usually, it is called before executing the ADC16
job.

Parameters

base | Register base address for the module.

configPtr | Pointer to configuration structure.

3.2.4.5 void ADC16_HAL_ConfigHwCompare ( ADC_Type * base, const
adc16_hw_cmp_config_t « configPtr )

This function configures the hardware comparator function for the ADC16. These are the settings for the
ADCI16 comparator.

Parameters

base | Register base address for the module.

configPtr | Pointer to configuration structure.

3.2.4.6 static uint16_t ADC16_HAL_GetChnConvValue ( ADC_Type * base, uint32_t
chnGroup ) [inline], [static]

This function gets the conversion result data for the ADC16 module. The return value is the raw data that
is not processed.

Parameters

base | Register base address for the module.

chnGroup | Channel configuration group ID.

Returns

Conversion value of RAW.

3.2.4.7 static bool ADC16_HAL_GetConvActiveFlag ( ADC_Type « base ) [inline],
[static]

This function checks whether the converter is active for the ADC16 module.
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Parameters

base | Register base address for the module.

Returns

Assertion of that the converter is active.

3.2.5 Variable Documentation

3.2.5.1 adcl6_chn_t adc16_chn_config_t::chnildx

3.2.5.2 bool adc16_chn_config_t::convCompletedintEnable
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3.3 ADC16 Peripheral Driver
3.3.1 Overview

This section describes the programming interface of the ADC16 Peripheral driver. The ADC16 peripheral
driver configures the ADC16 (16-bit SAR Analog-to-Digital Converter). It handles calibration, initializa-
tion, and configuration of 16-bit SAR ADC module.

3.3.2 ADC16 Driver model building

ADCI16 driver has three parts:

* Basic Converter - This part handles the mechanism that converts the external analog voltage to a
digital value. API functions configure the converter.

* Channel Mux - Multiple channels share the converter in each ADC instance because of the time
division multiplexing. However, the converter can only handle one channel at a time. To get the
value of an indicated channel, the channel mux should be set to the connection between an indicated
pad and the converter’s input. The conversion value during this period is for the channel only. API
functions configure the channel.

* Advance Feature Group - The advanced feature group covers optional features for applications.
These features includes some that are already implemented by hardware, such as the calibration,
hardware average, hardware compare, different power, and speed mode. APIs configure the ad-
vanced features. Although these features are optional, they are recommended to ensure that the
ADC performs better, especially for calibration.

3.3.3 ADC16 Initialization

Note that the calibration should be done before any other operation.

To initialize the ADC16 driver, prepare a configuration structure and populate it with an available config-
uration. API functions are designed for typical use cases and facilitate populating the structure. See the
"Call diagram" section for typical use cases. Additionally, the application should provide a block of mem-
ory to keep the state while the driver operates. After the configuration structure is available and memory
is allocated to keep state, the ADC module can be initialized by calling the API of ADC16_DRV_Init()
function.

3.3.4 ADC16 Call diagram

There are three kinds of typical use cases for the ADC module:

* One-Time-Trigger Mode. One-Time-Trigger works without an interrupt and continuous mode. Af-
ter it is triggered by channel configuration, the conversion launches and the application gets the
result data. There is no auto operation to make the conversion continuous. The application should
trigger the conversion again if another conversion is needed.
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* Interrupt mode - Interrupt mode works only with continuous conversion or one-time conversion.
To use the interrupt mode, the user enables the interrupt when configuring for each conversion.
Note that the conversion value should be read out by calling the API of the "ADC16_DRV_Get-
ConvValueRAW()" in the user-defined ISR. Use the interrupt mode carefully with the continuous
conversion because too many interrupts may affect the main routine. Using the low conversion speed
is recommended in the continuous interrupt mode.

* Blocking mode. Blocking mode is based on polling mode and works only with the continuous
conversion mode. The conversion is triggered by the channel configuration. When the conversion is
completed, it gets blocked because the result data is not read. The application obtains the result data
by calling API. After this, the conversion becomes continuous.

These use cases are based on the software trigger. However, they can easily be ported to use the hardware
trigger. If using the hardware trigger, enable it when initializing the converter.

Complex use cases, such as the DMA and the multiple channel scan, require another module to work
correctly. They can be customized according to the application.

These are the examples to initialize and configure the ADC driver for typical use cases.

For One-Time-Trigger use:

uint32_t ADCl6_DRV_TEST_OneTimeConv (uint32_t instance)
{
uint32_t errCounter = 0U;
adcl6_converter_config_t userConvConfig;
adcl6_chn_config_t userChnConfig;
uintlé_t sampleValue;
#if FSL_FEATURE_ADC16_HAS_CALIBRATION
adcl6_calibration_param_t userCalConfig;
#endif /+ FSL_FEATURE_ADC16_HAS_CALIBRATION */

/* Execute the auto-calibration. =/

userConvConfig.lowPowerEnable = false;
userConvConfig.clkDividerMode = kAdcl6ClkDividerO£f8;
userConvConfig.longSampleTimeEnable = true;

userConvConfig.resolution = kAdcl6ResolutionBitOfl2o0rl3;
userConvConfig.clkSrc = kAdcl6ClkSrcOfAsynClk;
userConvConfig.asyncClkEnable = true;
userConvConfig.highSpeedEnable = false;
userConvConfig.longSampleCycleMode =
kAdcl6LongSampleCycleOf24;

userConvConfig.hwTriggerEnable = false;
userConvConfig.refVoltSrc = kAdcl6RefVoltSrcOfVref;
userConvConfig.continuousConvEnable = false;

#if FSL_FEATURE_ADC16_HAS_DMA
userConvConfig.dmaEnable = false;

#endif /+ FSL_FEATURE_ADCI16_HAS_DMA */

if (kStatus_ADC16_Success != ADCl6_DRV_Init (instance, &
userConvConfiqg))

{

errCounter++;

}

#if FSL_FEATURE_ADC16_HAS_CALIBRATION
if (kStatus_ADCl6_Success != ADC1l6_DRV_GetAutoCalibrationParam(instance, &
userCalConfig) )
{

errCounter++;

}
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ADC16_DRV_SetCalibrationParam(instance, &userCalConfig);
#endif /+ FSL_FEATURE_ADC16_HAS_CALIBRATION x/

userChnConfig.chnIdx = ADC16_DRV_TEST_SAMPLE_CHN;

userChnConfig.convCompletedIntEnable = false;

userChnConfig.diffConvEnable = false;

ADC16_DRV_ConfigConvChn (instance, ADCl6_DRV_TEST_SAMPLE_CHNGROUP, &userChnConfig
)i

ADC16_DRV_WaitConvDone (instance, ADC16_DRV_TEST_SAMPLE_CHNGROUP) ;

sampleValue = ADC16_DRV_GetConvValueRAW (instance,
ADC1l6_DRV_TEST_SAMPLE_CHNGROUP) ;

printf ("ADC16_DRV_TEST_OneTimeConv Sample Value: %d\r\n", sampleValue) ;

ADC16_DRV_Deinit (instance);

return errCounter;

For Interrupt use:

static uint32_t ADC16_DRV_TEST_OneTimeConvInt (uint32_t instance)
{

uint32_t errCounter = 0U;

adcl6_converter_config_t userConvConfig;

adcl6_chn_config_t userChnConfig;

uintlé_t sampleValue;

#if FSL_FEATURE_ADC16_HAS_CALIBRATION
adcl6_calibration_param_t userCalConfig;
#endif /+ FSL_FEATURE_ADCI16_HAS_CALIBRATION */

/+ Execute the auto-calibration. =/
userConvConfig.lowPowerEnable = false;
userConvConfig.clkDividerMode = kAdcl6ClkDividerO£f8;
userConvConfig.longSampleTimeEnable = true;
userConvConfig.resolution = kAdcl6ResolutionBitOfl2o0rl3;
userConvConfig.clkSrc = kAdcl6ClkSrcOfAsynClk;
userConvConfig.asyncClkEnable = true;
userConvConfig.highSpeedEnable = false;
userConvConfig.longSampleCycleMode =
kAdcl6LongSampleCycleOf24;

userConvConfig.hwTriggerEnable = false;
userConvConfig.refVoltSrc = kAdcl6RefVoltSrcOfVref;
userConvConfig.continuousConvEnable = false;

#if FSL_FEATURE_ADC16_HAS_DMA
userConvConfig.dmaEnable = false;

#endif /+ FSL_FEATURE_ADC16_HAS_DMA «/

if (kStatus_ADCl6_Success != ADCl6_DRV_Init (instance, &
userConvConfig))
errCounter++;
#if FSL_FEATURE_ADC16_HAS_CALIBRATION
if (kStatus_ADC1l6_Success != ADC1l6_DRV_GetAutoCalibrationParam(instance, &
userCalConfig) )
errCounter++;
}
ADC16_DRV_SetCalibrationParam(instance, &userCalConfig);

#endif /» FSL_FEATURE_ADC16_HAS_CALIBRATION =/

gAdcl6IntSampleFlag = false;
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userChnConfig.chnIdx = ADC16_DRV_TEST_SAMPLE_CHN;
userChnConfig.convCompletedIntEnable = true;
userChnConfig.diffConvEnable = false;

ADC16_DRV_ConfigConvChn (instance, ADC1l6_DRV_TEST_SAMPLE_CHNGROUP, &userChnConfig

)i

while (!gAdcléIntSampleFlag) {}

printf ("ADC16_DRV_TEST_OneTimeConvInt Sample Value: %d\r\n", gAdclé6IntSampleValue);

gAdcl6IntSampleFlag = false;
ADC16_DRV_Deinit (instance);

return errCounter;

For Blocking use:

static uint32_t ADC1l6_DRV_TEST_ContinuousConvBlocking (uint32_t instance)
{

uint32_t errCounter = 0U;

adcl6_converter_config_ t userConvConfig;

adcl6_chn_config_t userChnConfig;

uintlé_t sampleValue;

uint32_t i;

#if FSL_FEATURE_ADC16_HAS_CALIBRATION
adcl6_calibration_param_t userCalConfig;
#endif /+ FSL_FEATURE_ADCI16_HAS_CALIBRATION */

/+ Execute the auto-calibration. =/
userConvConfig.lowPowerEnable = false;
userConvConfig.clkDividerMode = kAdcl6ClkDividerOf8;
userConvConfig.longSampleTimeEnable = true;
userConvConfig.resolution = kAdcl6ResolutionBitOfl20rl3;
userConvConfig.clkSrc = kAdcl6ClkSrcOfAsynClk;
userConvConfig.asyncClkEnable = true;
userConvConfig.highSpeedEnable = false;
userConvConfig.longSampleCycleMode =
kAdcl6LongSampleCycleOf24;

userConvConfig.hwTriggerEnable = false;
userConvConfig.refVoltSrc = kAdcl6RefVoltSrcOfVref;
userConvConfig.continuousConvEnable = false;

#if FSL_FEATURE_ADC16_HAS_DMA
userConvConfig.dmaEnable = false;

#endif /» FSL_FEATURE_ADC16_HAS_DMA «*/

if (kStatus_ADC1l6_Success != ADC1l6_DRV_Init (instance, &
userConvConfig))

errCounter++;

#if FSL_FEATURE_ADC16_HAS_CALIBRATION
1f (kStatus_ADC1l6_Success != ADC1l6_DRV_GetAutoCalibrationParam(instance,
userCalConfig) )

errCounter++;

}
ADC16_DRV_SetCalibrationParam(instance, &userCalConfig);
#endif /+ FSL_FEATURE_ADC16_HAS_CALIBRATION x/

userChnConfig.chnIdx = ADC16_DRV_TEST_SAMPLE_CHN;

userChnConfig.convCompletedIntEnable = false;
userChnConfig.diffConvEnable = false;
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ADC16_DRV_ConfigConvChn (instance, ADC1l6_DRV_TEST_SAMPLE_CHNGROUP, &userChnConfig
)i

for (1 = 0U; 1 < 4U; 1i++)
{
sampleValue = ADC1l6_DRV_GetConvValueRAW (instance,
ADC16_DRV_TEST_SAMPLE_CHNGROUP) ;
printf ("ADC16_DRV_TEST_ContinuousConvBlocking %dst Sample Value: %d\r\n", i, sampleValue);
}

ADC16_DRV_Deinit (instance);
return errCounter;

Enumerations

* enum adc16_flag_t {
kAdcConvActiveFlag = OU,
kAdcChnConvCompleteFlag = 3U }

Defines the type of event flags.

Functions

* adcl6_status_t ADC16_DRV_StructlnitUserConfigDefault (adc16_converter_config_t xuser-
ConfigPtr)

Fills the initial user configuration by default for a one-time trigger mode.
* adcl6_status_t ADC16_DRYV _Init (uint32_t instance, const adc16_converter_config_t xuserConfig-

Ptr)

Initializes the ADC module converter.

e adc16_status_t ADC16_DRV_Deinit (uint32_t instance)

De-initializes the ADC module converter.

* adcl6_status_t ADC16_DRV_ConfigHwCompare (uint32_t instance, const adcl6_hw_cmp_-
config_t *xconfigPtr)

Configures the hardware compare feature.
* adcl6_status_t ADC16_DRV_ConfigConvChn (uint32_t instance, uint32_t chnGroup, const adc16-

_chn_config_t xconfigPtr)
Configure the conversion channel by software.

* void ADC16_DRV_WaitConvDone (uint32_t instance, uint32_t chnGroup)

Waits for the latest conversion to be complete.

* void ADC16_DRV_PauseConv (uint32_t instance, uint32_t chnGroup)

Pauses the current conversion by software.
e uintl6_t ADC16_DRV_GetConvValueRAW (uint32_t instance, uint32_t chnGroup)

Gets the latest conversion value with no format.
* int16_t ADC16_DRV_GetConvValueSigned (uint32_t instance, uint32_t chnGroup)

Gets the latest conversion value with signed.

* bool ADC16_DRV_GetConvFlag (uint32_t instance, adc16_flag_t flag)

Gets the event status of the ADC16 module.
* bool ADC16_DRV_GetChnFlag (uint32_t instance, uint32_t chnGroup, adc16_flag_t flag)

Gets the event status of each channel group.
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Variables

* ADC_Type *const g_adcBase []

Table of base addresses for ADC16 instances.
* const IRQn_Type g_adclrqld [ADC_INSTANCE_COUNT]

Table to save ADC IRQ enum numbers defined in the CMSIS header file.

3.3.5 Enumeration Type Documentation

3.3.5.1 enum adcl6_flag t

Enumerator

kAdcConvActiveFlag Indicates if a conversion or hardware averaging is in progress.
kAdcChnConvCompleteFlag Indicates if the channel group A is ready.

3.3.6 Function Documentation

3.3.6.1 adcl6_status_t ADC16_DRV_StructinitUserConfigDefault ( adc16_converter_-
config_t x userConfigPtr )

This function fills the initial user configuration by default for a one-time trigger mode. Calling the initial-
ization function with the filled parameter configures the ADC module work as one-time trigger mode. The
settings are:

e .lowPowerEnable = true;

e clkDividerMode = kAdc16ClkDividerOf8;

¢ .longSampleTimeEnable = true;

* .resolutionMode = kAdc16ResolutionBitOfSingleEndAs12;
* .clkSrc = kAdc16ClkSrcOfAsynClk

* .asyncClkEnable = true;

* .highSpeedEnable = false;

¢ .longSampleCycleMode = kAdc16LongSampleCycleOf24;
* .hwTriggerEnable = false;

o refVoltSrc = kAdcRefVoltSrcOfVref;

¢ .continuousConvEnable = false;

¢ .dmaEnable = false;

Parameters
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userConfigPtr | Pointer to the user configuration structure. See the "adc16_converter_config_t".

Returns

Execution status.

3.3.6.2 adcl6_status_t ADC16_DRV Init ( uint32_t instance, const
adc16_converter_config_t « userConfigPtr )

This function initializes the converter in the ADC module.

Parameters

instance | ADCI16 instance ID.

userConfigPtr | Pointer to the initialization structure. See the "adc16_converter_config_t".

Returns

Execution status.

3.3.6.3 adcl6_status_t ADC16_DRV_Deinit ( uint32_t instance )

This function de-initializes and gates the ADC module. When ADC is no longer used, calling this API
function shuts down the device to reduce the power consumption.

Parameters

instance | ADCI16 instance ID.

Returns

Execution status.

3.3.6.4 adcl6_status_t ADC16_DRV_ConfigHwCompare ( uint32_t instance, const
adc16_hw_cmp_config_t « configPtr )

This function configures the hardware compare feature with indicated configuration.
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Parameters

instance | ADC16 instance ID.

configPtr | Pointer to configuration structure. See the "adc16_hw_cmp_config_t".

Returns

Execution status.

3.3.6.5 adcl6_status_t ADC16_DRV_ConfigConvChn ( uint32_t instance, uint32_t
chnGroup, const adc16_chn_config_t x configPtr )

This function configures the conversion channel. When the ADC16 module has been initialized by en-
abling the software trigger (disable hardware trigger), calling this API triggers the conversion.

Parameters

instance | ADCI16 instance ID.

chnGroup | Selection of the configuration group.

configPtr | Pointer to configuration structure. See the "adc16_chn_config_t".

Returns

Execution status.

3.3.6.6 void ADC16_DRV_WaitConvDone ( uint32_t instance, uint32_t chnGroup )

This function waits for the latest conversion to be complete. When triggering the conversion by config-
uring the available channel, the converter is launched. This API function should be called to wait for the
conversion to be complete when no interrupt or DMA mode is used for the ADC16 module. After the
waiting period, the available data from the conversion result are fetched. The complete flag is not cleared
until the result data is read.

Parameters

instance | ADCI16 instance ID.
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chnGroup | Selection of configuration group.

3.3.6.7 void ADC16_DRV_PauseConv ( uint32_t instance, uint32_t chnGroup )

This function pauses the current conversion setting by software.

Parameters

instance | ADC16 instance ID.

chnGroup | Selection of configuration group.

3.3.6.8 uint16_t ADC16_DRV_GetConvValueRAW ( uint32_t instance, uint32_t chnGroup
)

This function gets the conversion value from the ADC16 module.

Parameters

instance | ADCI16 instance ID.

chnGroup | Selection of configuration group.

Returns

Unformatted conversion value.

3.3.6.9 int16_t ADC16_DRV_GetConvValueSigned ( uint32_t instance, uint32_t chnGroup
)

This function gets the conversion value from the ADC16 module with signed.

Parameters

instance | ADCI16 instance ID.

chnGroup | Selection of configuration group.

Returns

Signed conversion value.
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3.3.6.10 bool ADC16_DRV_GetConvFlag ( uint32_t instance, adc16_flag_t flag )

This function gets the event status of the ADC16 converter. If the event is asserted, it returns "true".
Otherwise, it is "false".
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Parameters

instance | ADC16 instance ID.

flag | Indicated event.

Returns

Assertion of event flag.

3.3.6.11 bool ADC16_DRV_GetChnFlag ( uint32_t instance, uint32_t chnGroup,
adcl6_flag_t flag )

This function gets the event status of each channel group. If the event is asserted, it returns "true". Other-
wise, it is "false".

Parameters

instance | ADCI16 instance ID.

chnGroup | ADC16 channel group number.

flag | Indicated event.

Returns

Assertion of event flag.

3.3.7 Variable Documentation

3.3.7.1 ADC_Typex const g_adcBase[]

3.3.7.2 const IRQNn_Type g_adclrqld[ADC_INSTANCE_COUNT]
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Chapter 4
Analog Front End (AFE)

4.1 Overview

The Kinetis SDK provides both HAL and Peripheral drivers for the Analog Front End (AFE) block of
Kinetis devices.

Modules

* AFE HAL driver
» AFE Peripheral driver
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4.2 AFE HAL driver
4.2.1 Overview

This section describes the programming interface of the AFE HAL driver.

Data Structures

e struct afe_chn_set_t

Defines the structure to configure the AFE Channel. More...
* struct afe_converter_config_t

Defines the structure to configure the AFE converter. More...

Enumerations

e enum afe_status_t {
kStatus_ AFE_Success = 0U,
kStatus_ AFE_InvalidArgument = 1U,
kStatus_ AFE_Failed = 2U }

AFE status return codes.
e enum afe_chn_osr_mode_t {

kAfeDecimOsrOf64 = 0U,
kAfeDecimOsrOf128 = 1U,
kAfeDecimOsrOf256 = 2U,
kAfeDecimOsrOf512 = 3U,
kAfeDecimOsrOf1024 = 4U,
kAfeDecimOsrOf2048 = 5U }

AFE OSR modes.
* enum afe_pga_gain_mode_t {

kAfePgaGainByl = 1U,
kAfePgaGainBy2 = 2U,
kAfePgaGainBy4 = 3U,
kAfePgaGainBy8 = 4U,
kAfePgaGainBy16 = 5U,
kAfePgaGainBy32 = 6U }

AFE PGA modes.
e enum afe_result_format_mode_t {

kAfeResultFormatLeft = OU,
kAfeResultFormatRight = 1U }

Defines the AFE result format modes.
e enum afe_clk_divider_mode_t {

Kinetis SDK v.1.2 API Reference Manual
38 Freescale Semiconductor




g
AFE HAL driver

kAfeClkDividerInputOf1 = OU,
kAfeClkDividerInputOf2 = 1U,
kAfeClkDividerInputOf4 = 2U,
kAfeClkDividerInputOf8 = 3U,
kAfeClkDividerInputOf16 = 4U,
kAfeClkDividerInputOf32 = 5U,
kAfeClkDividerInputOf64 = 6U,
kAfeClkDividerInputOf128 = 7U,
kAfeClkDividerInputOf256 = 8U }

Defines the AFE clock divider modes.
e enum afe_clk_src_mode_t {

kAfeClkSrcClk0 = 0U,
kAfeClkSrcClkl = 1U,
kAfeClkSrcClk2 = 2U,
kAfeClkSrcClk3 = 3U }

Defines the AFE clock source modes.

AFE Channel Configurations

* void AFE_HAL_Chnlnit (AFE_Type *base, uint32_t chn)

Resets the channel registers into a reset state.

* static void AFE_HAL_SetIntEnableCmd (AFE_Type *base, uint32_t chn, bool enable)

Sets the interrupt request on conversion complete event.
* static void AFE_HAL_SetDmaEnableCmd (AFE_Type xbase, uint32_t chn, bool enable)

Sets the DMA request on conversion complete event.

* static void AFE_HAL_SetDelayVal (AFE_Type xbase, uint32_t chn, int32_t delay)

Sets the delay value.
* static int32_t AFE_HAL_GetDelayVal (AFE_Type xbase, uint32_t chn)

Gets the delay value.
* static uint32_t AFE_HAL_GetResult (AFE_Type *base, uint32_t chn)

Gets the measurement result.

* static bool AFE_HAL_GetConvCompleteFlag (AFE_Type xbase, uint32_t chn)

Checks whether a conversion is completed.

* static bool AFE_HAL_GetOverflowFlag (AFE_Type *base, uint32_t chn)

Checks whether the selected channel has overflown.

* static bool AFE_HAL_GetReadyFlag (AFE_Type *base, uint32_t chn)

Checks whether the selected channel is ready for conversion.

AFE Common Configurations

void AFE_HAL_Init (AFE_Type xbase)
Resets all registers into a reset state for the AFE module.

static void AFE_HAL_SetMasterEnableCmd (AFE_Type *base, bool enable)
Enables all ADCs and filters.

static void AFE_HAL_ChnSwTriggerCmd (AFE_Type *base, uint32_t chnMask)

Triggers conversion on the AFE channels.
static void AFE_HAL_SetLowPowerCmd (AFE_Type *base, bool enable)
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Sets a low power mode.

* static void AFE_HAL_SetSwResetCmd (AFE_Type xbase, bool enable)

Sets the software reset.

* static void AFE_HAL_SetDelayOkCmd (AFE_Type *base)

Asserts the delay OK.
* static void AFE_HAL_SetResultFormatMode (AFE_Type xbase, afe_result_format_mode_t mode)

Selects the result format mode.

* static afe_result_format_mode_t AFE_HAL_GetResultFormatMode (AFE_Type xbase)

Gets the conversion resolution mode.

* static void AFE_HAL_SetStartUpDelayVal (AFE_Type *base, int32_t startDelay)
Sets the start up count value.

» static void AFE_HAL_SetClkDividerMode (AFE_Type *base, afe_clk_divider_mode_t mode)

Selects the clock divider mode.
* static void AFE_HAL_SetClkSourceMode (AFE_Type *base, afe_clk_src_mode_t mode)

Selects the input clock source for the AFE module.
* static void AFE_HAL_SetDmalntReq (AFE_Type *base, uint32_t data)

Sets the DMA and interrupt requests for all channels.
* void AFE_HAL_ConfigChn (AFE_Type xbase, uint32_t chn, afe_chn_set_t xchnStructPtr)

Configures the AFE channel.
* void AFE_HAL_ConfigConverter (AFE_Type *base, afe_converter_config_t xconverterStructPtr)

Configures the AFE converter.

4.2.2 Data Structure Documentation

4.2.2.1 struct afe chn_set t

Data Fields

* bool hwTriggerEnable

Enable triggering by hardware.
* bool continuousConvEnable

Enable continuous conversion mode.
* bool bypassEnable

Enable bypass mode that modulator and PGA of this channel are disabled.
» afe_pga_gain_mode_t pgaGainSel

Select the analog gain applied to the input signal.
* bool pgaEnable

Enable the analog gain.
e afe _chn_osr_mode_t decimOSR

Select the over sampling ration.
* bool modulatorEnable

Enable sigma delta modulator.
* bool decimFilterEnable

Enable decimation filter.
* bool decimNegedgeEnable

Enable falling edge for decimator input.
bool externClockEnable

Enable external clock for decimator.
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4.2.2.1.0.1 Field Documentation

4.2.2.1.0.1.1 bool afe_chn_set_t::hwTriggerEnable
4.2.2.1.0.1.2 bool afe_chn_set_t::continuousConvEnable
4.2.2.1.0.1.3 bool afe_chn_set_t::bypassEnable

4.2.2.1.0.1.4 afe_pga_gain_mode_t afe_chn_set_t::pgaGainSel
4.2.2.1.0.1.5 bool afe_chn_set_t::pgaEnable

4.2.2.1.0.1.6 afe_chn_osr_mode_t afe_chn_set_t::decimOSR
4.2.2.1.0.1.7 bool afe_chn_set_t::modulatorEnable

4.2.2.2 struct afe_converter_config_t

Data Fields

* uint8_t startupCnt

Set startup delay of modulators.
afe_result_format_mode_t resultFormat

Select the result format.
bool delayOk

Confirm delay registers.
bool swReset

Do a software reset.
bool lowPowerEnable

Enable low power mode.

bool swTriggChn0O

Trigger conversion on channel 0.

* bool swTriggChnl

Trigger conversion on channel 1.

* bool swTriggChn2

Trigger conversion on channel 2.
* bool masterEnable

Enable all ADCs and filters simultaneously whose modulatorEnable and decimFilterEnable is asserted.
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4.2.2.2.0.2 Field Documentation

4.2.2.2.0.2.1 uint8_t afe_converter_config_t::startupCnt

4.2.2.2.0.2.2 afe_result_format_mode_t afe_converter_config_t::resultFormat
4.2.2.2.0.2.3 bool afe_converter_config_t::delayOk

4.2.2.2.0.2.4 bool afe_converter_config_t::swReset

4.2.2.2.0.2.5 bool afe_converter_config_t::lowPowerEnable

4.2.2.2.0.2.6 bool afe_converter_config_t::swTriggChn0

4.2.2.2.0.2.7 bool afe_converter_config_t::swTriggChn1

4.2.2.2.0.2.8 bool afe_converter_config_t::swTriggChn2

4.2.2.2.0.2.9 bool afe_converter_config_t::masterEnable

4.2.3 Enumeration Type Documentation

4.2.3.1 enum afe_status t

Enumerator

kStatus_AFE_Success Success.
kStatus_AFE_InvalidArgument Invalid argument existed.
kStatus AFE_Failed Execution failed.

4.2.3.2 enum afe_chn_osr_mode_t

Enumerator

kAfeDecimOsrOf64 Decimator over sampling ratio is 64.
kAfeDecimOsrOf128 Decimator over sampling ratio is 128.
kAfeDecimOsrOf256 Decimator over sampling ratio is 256.
kAfeDecimOsrOf512 Decimator over sampling ratio is 512.
kAfeDecimOsrOf1024 Decimator over sampling ratio is 1024.
kAfeDecimOsrOf2048 Decimator over sampling ratio is 2048.

4.2.3.3 enum afe_pga_gain_mode_t

Enumerator
kAfePgaGainByl Input gained by 1.
kAfePgaGainBy2 Input gained by 2.
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kAfePgaGainBy4 Input gained by 4.
kAfePgaGainBy8 Input gained by 8.
kAfePgaGainByl16 Input gained by 16.
kAfePgaGainBy32 Input gained by 32.

4.2.3.4 enum afe_result format mode t

Enumerator

kAfeResultFormatLeft Left justified result format.
kAfeResultFormatRight Right justified result format.

4.2.3.5 enum afe_clk_divider _mode t

Enumerator

kAfeClkDividerInputOf1 Clock divided by 1.
kAfeClkDividerInputOf2 Clock divided by 2.
kAfeClkDividerInputOf4 Clock divided by 4.
kAfeClkDividerInputOf8 Clock divided by 8.
kAfeClkDividerInputOf16 Clock divided by 16.
kAfeClkDividerInputOf32 Clock divided by 32.
kAfeClkDividerInputOf64 Clock divided by 64.
kAfeClkDividerInputOf128 Clock divided by 128.
kAfeClkDividerInputOf256 Clock divided by 256.

4.2.3.6 enum afe_clk_src_mode t

Enumerator

kAfeClkSrcClkO Modulator clock source 0.
kAfeClkSrcClkl Modulator clock source 1.
kAfeClkSrcClk2 Modulator clock source 2.
kAfeClkSrcCIlk3 Modulator clock source 3.

4.2.4 Function Documentation

4.2.4.1 void AFE_HAL_Chninit ( AFE_Type *x base, uint32_t chn )

This function resets the channel registers into a reset state. This state is defined in the chip Reference
Manual.
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Parameters

base | Register base address for the module.

chn | AFE Channel.

4.2.4.2 static void AFE_HAL_SetintEnableCmd ( AFE_Type x base, uint32_t chn, bool
enable ) [inline], [static]

This function sets the interrupt request on conversion complete event. Once enabled, the conversion
complete interrupt request is asserted for the desired channel when INTENx and COCx bits are set.

Parameters

base | Register base address for the AFE module.

chn | AFE Channel.

enable | Bool value for enabling or disabling interrupt function.

4.2.4.3 static void AFE_HAL_SetDmaEnableCmd ( AFE_Type *x base, uint32_t chn, bool
enable ) [inline], [static]

This function sets the DMA request on conversion complete event. Once enabled, the DMA request is
asserted when the INTENX and the COCx bits are set.

Parameters

base | Register base address for the AFE module.

chn | AFE Channel.

enable | Bool value for enabling or disabling DMA function.

4.2.4.4 static void AFE_HAL_SetDelayVal ( AFE_Type *x base, uint32_t chn, int32_t delay
) [inline], [static]

This function sets the delay value. This delay is inserted into the trigger response of the decimation filters
in order to provide phase compensation between AFE channels.

Parameters
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base | Register base address for the AFE module.

chn | AFE Channel.

delay | Delay value.

4.2.4.5 static int32_t AFE_HAL_GetDelayVal ( AFE_Type x base, uint32_t chn )
[inline], [static]

This function gets the delay value.

Parameters

base | Register base address for the AFE module.

chn | AFE Channel.

Returns

Delay value.

4.2.4.6 static uint32_t AFE_HAL_GetResult ( AFE_Type x base, uint32_t chn )
[inline], [static]

This function gets the measurement result. The result can be represented in left justified 2’s complement
32-bit or right justified 2’s complement 32-bit format. See the "AFE_HAL_SetResultFormatMode()" for
format setting.

Parameters

base | Register base address for the AFE module.

chn | AFE Channel.

Returns

result.

4.2.4.7 static bool AFE_HAL_GetConvCompleteFlag ( AFE_Type x base, uint32_t chn )
[inline], [static]

This function checks whether the conversion is completed. When the result is read (see the "AFE_HAL_-
GetResult()"), the corresponding bit is cleared.
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Parameters

base | Register base address for the AFE module.

chn | AFE Channel.

Returns

Conversion is completed (true) or not (false).

4.2.4.8 static bool AFE_HAL_GetOverflowFlag ( AFE_Type x base, uint32_t chn )
[inline], [static]

This function checks whether the selected channel has overflown. This function returns true when new
data has already been arrived but previous data has not been read. The corresponding bit is cleared when
the result is read (see the "AFE_HAL_GetResult()").

Parameters

base | Register base address for the AFE module.

chn | AFE Channel.

Returns

Channel is overflowed (true) or not (false).
4.2.4.9 static bool AFE_HAL_GetReadyFlag ( AFE_Type * base, uint32_t chn )
[inline], [static]

This function checks whether the selected channel is ready for conversion.

Parameters

base | Register base address for the AFE module.

chn | AFE Channel.

Returns

Channel is ready to initiate conversions (true) or is disabled or has not completed its start up period
(false).
4.2.4.10 void AFE_HAL_Init ( AFE_Type *x base )

This function resets all registers into a reset state for the AFE module. This state is defined in the chip
Reference Manual.
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Parameters

base | Register base address for the module.

4.2.4.11 static void AFE_HAL_SetMasterEnableCmd ( AFE_Type * base, bool enable )
[inline], [static]

This function enables all ADCs and filters. The only ADCs that have asserted are SD_MOD_EN (only
when AFE channel is not bypassed) and DEC_EN () are enabled by setting this bit.

Parameters

base | Register base address for the AFE module.

enable | Bool value for enabling or disabling ADCs and filters simultaneously.

4.2.4.12 static void AFE_HAL_ChnSwTriggerCmd ( AFE_Type * base, uint32_t chnMask
) [inline], [static]

This function sets the software trigger conversion on the desired AFE channels. To trigger more channels
simultaneously, use the ored enumeration members.

Parameters

base | Register base address for the AFE module.

chns | Channels which will be triggered.

4.2.4.13 static void AFE_HAL_SetLowPowerCmd ( AFE_Type x base, bool enable )
[inline], [static]

This function sets an AFE low power mode. The maximal modulator clock in low power mode is bellow
1 MHz.

Parameters

base | Register base address for the AFE module.

enable | Bool value for enabling or disabling low power mode.
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4.2.4.14 static void AFE_HAL_SetSwResetCmd ( AFE_Type *« base, bool enable )
[inline], [static]

This function sets the software reset which is used to reset all ADCs, decimation filters, and clock config-
uration bits.
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Parameters

base | Register base address for the AFE module.

enable | If this value is true, all ADCs, PGAs and Decimation filters are enabled otherwise are
disabled.

4.2.4.15 static void AFE_HAL_SetDelayOkCmd ( AFE_Type x base ) [inline],
[static]

This function asserts the delay OK. When all delay registers are loaded, the delay OK bit should be
asserted.

Parameters

base | Register base address for the AFE module.

4.2.4.16 static void AFE_HAL_SetResultFormatMode ( AFE_Type * base,
afe_result_format_mode_t mode ) [inline], [static]

This function selects the result format mode.

Parameters

base | Register base address for the AFE module.

mode | Selection of mode enumeration. See to " afe_result_format_mode t".

4.2.4.17 static afe_result_format_mode_t AFE_HAL_GetResultFormatMode ( AFE_Type *
base ) [inline], [static]

This function gets the conversion resolution mode.

Parameters

base | Register base address for the AFE module.

Returns

Current conversion resolution mode.
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4.2.4.18 static void AFE_HAL_SetStartUpDelayVal ( AFE_Type * base, int32_t startDelay
) [inline], [static]

This function sets the start up count value. A minimum value is two. This value should be greater than 20
us. To compute the 20 ps value use, such as startDelay = (CLOCK_FREQ / DIV _factor)*20E-6
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Parameters

base | Register base address for the AFE module.

startDelay | Value for start up count.

4.2.4.19 static void AFE_HAL_SetClkDividerMode ( AFE_Type x base,
afe_clk_divider_mode_t mode ) [inline], [static]

This function selects the clock divider mode.

Parameters

base | Register base address for the AFE module.

mode | Selection of mode enumeration. See to "afe_clk divider_mode_t".

4.2.4.20 static void AFE_HAL_SetClkSourceMode ( AFE_Type * base,
afe_clk_src_mode_t mode ) [inline], [static]

This function selects the input clock source for the AFE module.

Parameters

base | Register base address for the AFE module.

mode | Selection of mode enumeration. See to "afe_clk_src_mode_t".

4.2.4.21 static void AFE_HAL_SetDmalntReq ( AFE_Type x base, uint32_t data )
[inline], [static]

This function sets a DMA and Interrupt requests for all channels.

Parameters

base | Register base address for the AFE module.

data | which will be written to register.

4.2.4.22 void AFE_HAL_ConfigChn ( AFE_Type * base, uint32_t chn, afe_chn_set_t %
chnStructPtr )

This function configures the AFE channel.
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Parameters

base | Register base address for the AFE module.

chn | AFE Channel.

chnStructPtr | Channel configuration structure.

4.2.4.23 void AFE_HAL_ConfigConverter ( AFE_Type * base, afe_converter_config t x
converterStructPtr )

This function configures an AFE converter.

Parameters

base | Register base address for the AFE module.

convStructPtr | Converter configuration structure.
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4.3 AFE Peripheral driver
4.3.1 Overview

This section describes the programming interface of the AFE Peripheral driver. The AFE peripheral driver
provides functions to initialize AFE module and channels, conversion triggering, and result reading.

4.3.2 Channel configuration structures

The driver uses instances of the channel configuration structures to configuration and initialization AFE
channel. This structure holds the settings of the AFE measurement channel. The settings include AFE
hardware/software triggering, AFE continuous/Single conversion mode, AFE phase delay compensation,
AFE channel mode, AFE channel analog gain, AFE channel oversampling ration, and AFE channel inter-
rupt or DMA function. The AFE channel mode selects whether the bypass mode is enabled or disabled
and the external clock selection.

4.3.3 User configuration structures

The AFE driver uses instances of the user configuration structure afe_user_config_t for the AFE driver
configuration. This structure holds the configuration which is common for all AFE channels. The settings
include AFE low power mode, AFE result format, AFE clock divider mode, AFE clock source mode, and
AFE start up delay of modulators.

4.3.4 Initialization

1. To initialize the AFE driver, call the AFE_DRV_Init() function and pass the instance number of the
AFE peripheral and a pointer to the user configuration structure. For a typical use case, call the
AFE_DRYV_StructlnitUserConfigDefault() function which populates the structure.

2. Then, call the AFE_DRV_Chnlnit function and pass the instance number, channel number and a
pointer to the channel configuration structure. For a typical use case, call the AFE_DRV_Structlnit-
ChnConfigDefault() function which populates the structure.

3. The start up value can be set by the AFE_DRV_SetStartUpVal20us() function call or by filling the
startupCnt parameter of the AfeChnConfig structure.

4. If the phase delay values are configured, call the AFE_DRYV_AssertDelayOk() function and pass the
instance number.

5. Finally, call the AFE_DRV_Enable() function and pass the instance number and a true boolean
parameter. Ensure that the clock and VREF are configured properly before configuring the AFE.
For more information, see a VREF and documentation for the KSDK Clock Manager.

typedef struct AfeUserConfig
{

bool lowPowerEnable;
afe_result_format_mode_t resultFormat;
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afe_clk_divider_mode_t clkDividerMode;
afe_clk_src_mode_t clkSrcMode;
uint8_t startupCnt;

} afe_user_config_t;

typedef struct AfeChnConfig

{
bool hwTriggerEnable;
bool continuousConvEnable;
int32_t delay;
afe_chn_mode_t chnMode;
afe_pga_state_t pgaGainSel;
afe_chn_osr_mode_t decimOSR;
afe_chn_event_t chnEvent;

} afe_chn_config_t;

This is an example of a typical AFE configuration. The afe_user_config_t instantiation is configured in the
normal mode (low power mode disabled), result format is justified to the right, clock divider is selected
2 and a first clock source is selected (see the microcontroller documentation for information about these
selections). The afe_chn_config_t instantiation is configured in the normal mode (no bypass), a continuous
conversion, a zero delay, no interrupt or DMA request, the software trigger enabled, and the PGA disabled
and the OSR is 2048.

This is an example code to set up a user and a channel AFE configuration instantiation:

afe_user_config_t afeConfig;
afeConfig.clkDividerMode = kAfeClkDividerInputOf2;
afeConfig.clkSrcMode = kAfeClkSrcClkl;

afeConfig.lowPowerEnable = false;
afeConfig.resultFormat = kAfeResultFormatRight;
afeTestStruct.startupCnt = 80; // startupCnt = (Clk_freq/Clk_div)*20e-6

afe_chn_config_t afeChnConfig;
afeChnConfig.chnMode = kAfeNormal;
afeChnConfig.continuousConvEnable = true;
afeChnConfig.delay = 0;
afeChnConfig.chnEvent = kAfeNoneRegq;
afeChnConfig.hwTriggerEnable = false;
afeChnConfig.pgaGainSel = kAfePgaDisable;
afeChnConfig.decimOSR = kAfeDecimOsr0f2048;

This example shows how to call the AFE_DRV_Init() given the user configuration structure and the AFE
instance 0.

uint32_t afelInstance = 0;
UART_DRV_Init (afeInstance, &afeConfig);

This example shows how to call the AFE_DRV_Chnlnit() given the channel configuration structure and
the AFE channel O and 1.

uint32_t afeChannelO 0;
uint32_t afeChannell = 1;
AFE_DRV_ChnInit (afeInstance, afeChannel0, &afeChnConfig); // Configure AFE channel 0
AFE_DRV_ChnInit (afeInstance, afeChannell, &afeChnConfig); // Configure AFE channel 1

The last part of the initialization contains the start up count setting, delay values confirmation, and the
AFE module enabling.

AFE_DRV_AssertDelayOk (afeInstance); // Assert delay for all channels simultaneously
AFE_DRV_Enable (afeInstance, true); // Enable all configured channels
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4.3.5 Measuring

The driver contains functions for software triggering, a channel delay after trigger setting, a result (raw or
converted to right justified), reading and waiting functions.

If the software triggering is enabled (hwTriggerEnable parameter in afe_chn_config is a false value), call
the AFE_DRV_SoftTriggerConv() function to start conversion. In this example, the channel 0 and channel
1 are triggered simultaneously. After the conversion is completed, the results are read.

int32_t res0,resl;
AFE_DRV_SoftTriggerConv (afeInstance, CHN_TRIG_MASK(0) | CHN_TRIG_MASK(1l));

while (1)

{
AFE_DRV_WaitConvDone (afeInstance, 0);
AFE_DRV_WaitConvDone (afeInstance, 1);

resO0 = AFE_DRV_GetChnConvValue (afeInstance, 0);
resl = AFE_DRV_GetChnConvValue (afelInstance, 1);

If the hardware triggering is enabled (hwTriggerEnable parameter in afe_chn_config is a true value), the
AFE_DRYV_SoftTriggerConv() function isn’t called. The rest of the code is the same.

If the continuous conversion isn’t allowed (continuousConvEnable parameter in afe_chn_config is a false
value), call the AFE_DRV_SoftTriggerConv() function (in the software trigger case) in the main loop to
trigger the next conversion.

Data Structures

* struct afe_chn_config_t

Defines the structure to initialize the AFE channel. More...
* struct afe_user_config_t

Defines the structure to initialize the AFE module. More...
* struct afe_delay_config_t

Defines the structure to configure phase delay of each AFE channel. More...

Enumerations

* enum afe_pga_state_t {
kAfePgaDisable = OU,
kAfePgaGainl = 1U,
kAfePgaGain2 = 2U,
kAfePgaGain4 = 3U,
kAfePgaGain8 = 4U,
kAfePgaGainl6 = 5U,
kAfePgaGain32 = 6U }

Defines the PGA’s values.
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e enum afe_chn_mode_t {
kAfeNormal =0,
kAfeBypassExternCltPosEdge = 1,
kAfeBypassExternClkNegEdge = 2,
kAfeBypassInternClkPosEdge = 3,
kAfeBypassInternClkNegEdge = 4 }

Defines the channel’s modes.
e enum afe_chn_event_t {

kAfeNoneReq = 0,
kAfelntReq =1,
kAfeDmaReq =2 }

Defines the channel’s event requests.
* enum afe_flag_t {

kAfeOverflowFlag = 0U,

kAfeReadyFlag = 1U,

kAfeConvCompleteFlag = 2U }
Defines the type of event flags.

Functions

« afe_status_t AFE_DRV_StructlnitUserConfigDefault (afe_user_config_t xuserConfigPtr)

Fills the user configure structure.

* afe_status_t AFE_DRV_StructlnitChnConfigDefault (afe_chn_config_t *chnConfigPtr)

Fills the channel configuration structure.
* afe_status_t AFE_DRV_Init (uint32_t instance, afe_user_config_t xuserConfigPtr)

Initializes the AFE module.
* afe_status_t AFE_DRV_Chnlnit (uint32_t instance, uint32_t chn, afe_chn_config_t xchnConfigPtr)

Initializes the selected AFE channel.
e void AFE_DRV_Enable (uint32_t instance, bool enable)

Enables/disables all configured AFE channels.
e void AFE_DRV_WaitConvDone (uint32_t instance, uint32_t chn)

Waits until the last conversion is complete.

* void AFE_DRV_WaitChnReady (uint32_t instance, uint32_t chn)

Waits until the channel is ready for conversion.
* void AFE_DRV_SoftTriggerConv (uint32_t instance, uint32_t chnMask)

Triggers the AFE conversion by software.
* bool AFE_DRV_GetChnFlag (uint32_t instance, uint32_t chn, afe_flag_t flag)

Gets the flag for channel’s events.
e uint32_t AFE_DRV_GetChnConvValRaw (uint32_t instance, uint32_t chn)

Reads the conversion value in a raw form.
e int32_t AFE_DRV_GetChnConvVal (uint32_t instance, uint32_t chn)

Reads the conversion value in 2’s complement form.

e void AFE_DRYV_Deinit (uint32_t instance)

De-initializes the AFE module.
e void AFE_DRYV_ChnDeinit (uint32_t instance, uint32_t chn)

De-initializes the selected AFE channel.
* void AFE_DRV_AssertDelayOk (uint32_t instance)

Asserts the phase delay setting.
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* void AFE_DRV_SetPhaseDelays (uint32_t instance, afe_delay_config_t *delayConfigPtr)
Sets phase delays.
Variables

* AFE_Type *const g_afeBase [ ]

Table of base addresses for AFE instances.
* const IRQn_Type g_afelrqld []
Table to save AFE IRQ enumeration numbers defined in CMSIS header file.

4.3.6 Data Structure Documentation

4.3.6.1 struct afe_chn_config_t

This structure keeps the configuration for the AFE channel.

Data Fields

* bool hwTriggerEnable

Enable triggering by hardware.
* bool continuousConvEnable

Enable continuous conversion mode.

* int32_t delay

Set the phase compensation.
 afe_chn_mode_t chnMode

Select if channel is in bypassed mode.
 afe_pga_state_t pgaGainSel

Select the analog gain applied to the input signal.
e afe_chn_osr_mode_t decimOSR

Select the over sampling ration.
¢ afe_chn_event_t chnEvent

Select DMA or interrupt function.
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4.3.6.1.0.3 Field Documentation

4.3.6.1.0.3.1 bool afe_chn_config_t::hwTriggerEnable
4.3.6.1.0.3.2 bool afe_chn_config_t::continuousConvEnable
4.3.6.1.0.3.3 int32_t afe_chn_config_t::delay

4.3.6.1.0.3.4 afe_chn_mode_t afe_chn_config_t::chnMode
4.3.6.1.0.3.5 afe_pga_state_t afe_chn_config_t::pgaGainSel
4.3.6.1.0.3.6 afe_chn_osr_mode_t afe_chn_config_t::decimOSR
4.3.6.1.0.3.7 afe_chn_event_t afe_chn_config_t::chnEvent

4.3.6.2 struct afe_user_config_t

This structure keeps the configuration for the AFE module.

Data Fields

* bool lowPowerEnable

Enable low power mode.
afe_result_format_mode_t resultFormat

Select the result format.
afe_clk_divider_mode_t clkDividerMode

Select the clock divider ration for the modulator clock.
afe_clk_src_mode_t clkSrcMode

Select clock source for modulator clock.
uint8_t startupCnt

Select the start up delay of modulators.

4.3.6.2.0.4 Field Documentation

4.3.6.2.0.4.1 bool afe_user_config_t::lowPowerEnable

4.3.6.2.0.4.2 afe_result_format_mode_t afe_user_config_t::resultFormat
4.3.6.2.0.4.3 afe_clk_divider_mode_t afe_user_config_t::clkDividerMode
4.3.6.2.0.4.4 afe_clk_src_mode_t afe_user_config_t::clkSrcMode
4.3.6.2.0.4.5 uint8_t afe_user_config_t::startupCnt

4.3.6.3 struct afe_delay_config_t

This structure keeps the phase delay of each AFE channel.
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Data Fields
* uint32_t delayChn0

Phase compensation of channelO.

* uint32_t delayChnl

Phase compensation of channell.

 uint32_t delayChn2

Phase compensation of channel?2.
4.3.6.3.0.5 Field Documentation
4.3.6.3.0.5.1 uint32_t afe_delay_config_t::delayChn0
4.3.6.3.0.5.2 uint32_t afe_delay_config_t::delayChn1

4.3.6.3.0.5.3 uint32_t afe_delay_config_t::delayChn2

4.3.7 Enumeration Type Documentation

4.3.7.1 enum afe_pga_state_t

Enumerator

kAfePgaDisable Pga disabled.
kAfePgaGainl Input gained by 1.
kAfePgaGain2 Input gained by 2.
kAfePgaGain4 Input gained by 4.
kAfePgaGain8 Input gained by 8.
kAfePgaGainl6 Input gained by 16.
kAfePgaGain32 Input gained by 32.

4.3.7.2 enum afe_chn_mode_t

Enumerator

kAfeNormal Normal channel mode.

kAfeBypassExternCltPosEdge Bypassed channel mode - external clock selected, positive edge for
registering data by the decimation filter.

kAfeBypassExternClkNegEdge Bypassed channel mode - external clock selected, negative edge for
registering data by the decimation filter.

kAfeBypassInternClkPosEdge Bypassed channel mode - internal clock selected, positive edge for
registering data by the decimation filter.

kAfeBypassInternClkNegEdge Bypassed channel mode - external clock selected, negative edge for
registering data by the decimation filter.
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4.3.7.3 enum afe_chn_event_t

Enumerator

kAfeNoneReq None request is enabled if conversion is completed.
kAfelntReq Interrupt request is enabled if conversion is completed.
kAfeDmaReq DMA request is enabled if conversion is completed.

4.3.7.4 enum afe_flag t

Enumerator

kAfeOverflowFlag Indicates if a previous conversion result has not been read and new data has
already been arrived.

kAfeReadyFlag Indicates if a channel is ready to conversion.

kAfeConvCompleteFlag Indicates if a conversion is completed.

4.3.8 Function Documentation

4.3.8.1 afe_status_t AFE_DRV_StructInitUserConfigDefault ( afe_user_config_t x
userConfigPtr )

This function fills the afe_user_config_t structure with default settings. These setting are:

.lowPowerEnable = false

.resultFormat = kAfeResultFormatLeft
.clkDividerMode = kAfeClkDividerInputOf2
.clkSrcMode = kAfeClkSrcClkO0

.startupCnt = 125

Parameters

userConfigPtr | Pointer to structure of "afe_user_config_t".

Returns

Execution status.

4.3.8.2 afe_status_t AFE_DRV_StructinitChnConfigDefault ( afe_chn_config_t x
chnConfigPtr )

This function fills the afe_chn_config_t structure with default settings. These setting are:
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.hwTriggerEnable = false
.continuousConvEnable = false
.chnMode = kAfeNormal
.decimOSR = kAfeDecOsrOf64
.delay = 0

.pgaGainSel = kAfePgaGainl
.chnEvent = kAfeNoneReq

Parameters

userConfigPtr | Pointer to structure of "afe_chn_config_t".

Returns

Execution status.

4.3.8.3 afe_status_t AFE_DRV_lInit ( uint32_t instance, afe_user_config_t « userConfigPtr
)

This function configures the AFE module for the configuration which are shared by all channels.

Parameters

instance | The AFE instance number.

userConfigPtr | Pointer to structure of "afe_user_config_t". If startupCnt parameter is less than two,
this value is calculated according to equation Statup_cnt = (clk_freq/clk_div)*20e-6.

Returns

Execution status.

4.3.8.4 afe_status_t AFE_DRV_Chnlnit ( uint32_t instance, uint32_t chn, afe_chn_config_t
x chnConfigPtr )

This function configures the selected AFE channel.

Parameters

instance | The AFE instance number.
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chn | Channel which will be triggered.

chnConfigPtr | Pointer to structure of "afe_chn_config_t".

Returns

Execution status.

4.3.8.5 void AFE_DRV_Enable ( uint32_t instance, bool enable )

This function enables or disables all channels whose SD_MOD_EN and DEC_EN bits are asserted.

Parameters

instance | The AFE instance number.

enable | Enable (true) or disable (false) all ADCs and filters.

4.3.8.6 void AFE_DRV_WaitConvDone ( uint32_t instance, uint32_t chn )

This function holds the program until the last conversion is complete.

Parameters

instance | The AFE instance number.

chn | Channel which is triggered.

4.3.8.7 void AFE_DRV_WaitChnReady ( uint32_t instance, uint32_t chn )

This function holds the program until the channel is ready for conversion.

Parameters

instance | The AFE instance number.

chn | Channel which is triggered.

4.3.8.8 void AFE_DRV_SoftTriggerConv ( uint32_t instance, uint32_t chnMask )

This function triggers the AFE conversion by executing a software command. It starts the conversion on
selected channels if the software trigger option is selected for the channels.
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Parameters

instance | The AFE instance number.

chn | Channel(s) mask which is triggered.

4.3.8.9 bool AFE_DRV_GetChnFlag ( uint32_t instance, uint32_t chn, afe_flag t flag )

This function returns the selected flag of the desired channel.

Parameters

instance | The AFE instance number.

chn | The AFE Channel.

flag | Indicated event, see to "afe_flag_t".

Returns

Assertion of indicated event.

4.3.8.10 uint32_t AFE_DRV_GetChnConvValRaw ( uint32_t instance, uint32_t chn )

This function returns the conversion value of the selected channel. The returned value could be left or
right adjusted according to the AFE module configuration.

Parameters

instance | The AFE instance number.

chn | The AFE Channel.

Returns

Conversion value.

4.3.8.11 int32_t AFE_DRV_GetChnConvVal ( uint32_t instance, uint32_t chn )

This function returns the conversion value of the selected channel. The returned value is in the twos
complement (right adjusted) format.
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Parameters

instance | The AFE instance number.

chn | The AFE Channel.

Returns

Conversion value in 2’s complement format.

4.3.8.12 void AFE_DRV_Deinit ( uint32_t instance )

When the AFE is no longer used, calling this function shuts down the device to reduce power consumption.

Parameters

instance | The AFE instance number.

4.3.8.13 void AFE_DRV_ChnDeinit ( uint32_t instance, uint32_t chn )

De-initializes the selected AFE channel configuration and interrupt.

Parameters

instance | The AFE instance number.

chn | The AFE Channel.

4.3.8.14 void AFE_DRV_AssertDelayOk ( uint32_t instance )

This function should be called after all desired channel’s delay registers are loaded. Values in channel’s
delay registers are active after calling this function and after the convers