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Chapter 1
About This Document

1.1 Overview

1.1.1 Purpose

This document describes the features, architecture, and programming model of the

Freescale K22 microcontroller.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using the microcontroller in a system.

1.2 Conventions

1.2.1 Numbering systems

The following suffixes identify different numbering systems:

This suffix

Identifies a

Binary number. For example, the binary equivalent of the
number 5 is written 101b. In some cases, binary numbers are
shown with the prefix 0b.

Decimal number. Decimal numbers are followed by this suffix
only when the possibility of confusion exists. In general,
decimal numbers are shown without a suffix.

Hexadecimal number. For example, the hexadecimal
equivalent of the number 60 is written 3Ch. In some cases,
hexadecimal numbers are shown with the prefix Ox.
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1.2.2 Typographic notation

The following typographic notation is used throughout this document:

Example Description

placeholder, x Items in italics are placeholders for information that you provide. Italicized text is also used for
the titles of publications and for emphasis. Plain lowercase letters are also used as
placeholders for single letters and numbers.

code Fixed-width type indicates text that must be typed exactly as shown. It is used for instruction
mnemonics, directives, symbols, subcommands, parameters, and operators. Fixed-width type
is also used for example code. Instruction mnemonics and directives in text and tables are
shown in all caps; for example, BSR.

SR[SCM] A mnemonic in brackets represents a named field in a register. This example refers to the
Scaling Mode (SCM) field in the Status Register (SR).
REVNOI[6:4], XAD[7:0] Numbers in brackets and separated by a colon represent either:

¢ A subset of a register's named field

For example, REVNQ[6:4] refers to bits 6—4 that are part of the COREREYV field that
occupies bits 60 of the REVNO register.

* A continuous range of individual signals of a bus
For example, XADI[7:0] refers to signals 7—0 of the XAD bus.

1.2.3 Special terms

The following terms have special meanings:

Term Meaning

asserted Refers to the state of a signal as follows:
* An active-high signal is asserted when high (1).
* An active-low signal is asserted when low (0).

deasserted Refers to the state of a signal as follows:
* An active-high signal is deasserted when low (0).
* An active-low signal is deasserted when high (1).

In some cases, deasserted signals are described as negated.

reserved Refers to a memory space, register, or field that is either
reserved for future use or for which, when written to, the
module or chip behavior is unpredictable.

wic Write 1 to clear: Refers to a register bitfield that must be
written as 1 to be "cleared."
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Chapter 2
Introduction

2.1 Overview

This chapter provides high-level descriptions of the modules available on the devices

covered by this document.

2.2 Module Functional Categories

The modules on this device are grouped into functional categories. The following
sections describe the modules assigned to each category in more detail.

Table 2-1. Module functional categories

Module category

Description

ARM® Cortex™-M4 core

32-bit MCU core from ARM’s Cortex-M class adding DSP instructions and
single-precision floating point unit, 1.25 DMIPS/MHz, based on ARMv7
architecture

System

System integration module
Power management and mode controllers
* Multiple power modes available based on run, wait, stop, and power-
down modes
Low-leakage wakeup unit
Miscellaneous control module
Crossbar switch
Memory protection unit
Peripheral bridge
Direct memory access (DMA) controller with multiplexer to increase available
DMA requests
External watchdog monitor
Watchdog

Table continues on the next page...
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Table 2-1. Module functional categories (continued)

Module category Description

Memories * Internal memories include:
¢ Program flash memory
¢ On devices with FlexMemory: FlexMemory
* FlexNVM
* FlexRAM
* On devices with program flash only: Programming acceleration RAM
e SRAM
e External memory or peripheral bus interface: FlexBus
¢ Serial programming interface: EzPort

Clocks * Multiple clock generation options available from internally- and externally-
generated clocks

» System oscillator to provide clock source for the MCU

RTC oscillator to provide clock source for the RTC

Security Cyclic Redundancy Check module for error detection

Analog High speed analog-to-digital converter
Comparator

Digital-to-analog converter

Internal voltage reference

Bandgap voltage reference

Timers Programmable delay block
FlexTimers

Periodic interrupt timer

Low power timer

Carrier modulator transmitter

Independent real time clock

USB OTG controller with built-in FS/LS transceiver
USB device charger detect

USB voltage regulator

CAN

Serial peripheral interface

Inter-integrated circuit (12C)

UART

Integrated interchip sound (I12S)

Communications

Human-Machine Interfaces (HMI) General purpose input/output controller

2.2.1 ARM® Cortex™-M4 Core Modules

The following core modules are available on this device.
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Table 2-2. Core modules

Module

Description

ARM Cortex-M4

The ARM Cortex-M4 is the newest member of the Cortex M Series of processors
targeting microcontroller cores focused on very cost sensitive, deterministic,
interrupt driven environments. The Cortex M4 processor is based on the ARMv7
Architecture and Thumb®-2 ISA and is upward compatible with the Cortex M3,
Cortex M1, and Cortex MO architectures. Cortex M4 improvements include an
ARMv7 Thumb-2 DSP (ported from the ARMv7-A/R profile architectures) providing
32-bit instructions with SIMD (single instruction multiple data) DSP style multiply-
accumulates and saturating arithmetic.

Floating point unit (FPU)

A single-precision floating point unit (FPU) that is compliant to the IEEE Standard
for Floating-Point Arithmetic (IEEE 754).

NVIC

The ARMv7-M exception model and nested-vectored interrupt controller (NVIC)
implement a relocatable vector table supporting many external interrupts, a single
non-maskable interrupt (NMI), and priority levels.

The NVIC replaces shadow registers with equivalent system and simplified
programmability. The NVIC contains the address of the function to execute for a
particular handler. The address is fetched via the instruction port allowing parallel
register stacking and look-up. The first sixteen entries are allocated to ARM
internal sources with the others mapping to MCU-defined interrupts.

AWIC

The primary function of the Asynchronous Wake-up Interrupt Controller (AWIC) is
to detect asynchronous wake-up events in stop modes and signal to clock control
logic to resume system clocking. After clock restart, the NVIC observes the
pending interrupt and performs the normal interrupt or event processing.

Debug interfaces

Most of this device's debug is based on the ARM CoreSight™ architecture. Four
debug interfaces are supported:

e |EEE 1149.1 JTAG

e |IEEE 1149.7 JTAG (cJTAG)

¢ Serial Wire Debug (SWD)

* ARM Real-Time Trace Interface

2.2.2 System Modules

The following system modules are available on this device.

Table 2-3. System modules

Module

Description

System integration module (SIM)

The SIM includes integration logic and several module configuration settings.

System mode controller

The SMC provides control and protection on entry and exit to each power mode,
control for the Power management controller (PMC), and reset entry and exit for
the complete MCU.

Power management controller (PMC)

The PMC provides the user with multiple power options. Ten different modes are
supported that allow the user to optimize power consumption for the level of
functionality needed. Includes power-on-reset (POR) and integrated low voltage
detect (LVD) with reset (brownout) capability and selectable LVD trip points.

Low-leakage wakeup unit (LLWU)

The LLWU module allows the device to wake from low leakage power modes (LLS
and VLLS) through various internal peripheral and external pin sources.

Table continues on the next page...
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Table 2-3. System modules (continued)

Module Description

Miscellaneous control module (MCM) The MCM includes integration logic and embedded trace buffer details.

Crossbar switch (XBS) The XBS connects bus masters and bus slaves, allowing all bus masters to access
different bus slaves simultaneously and providing arbitration among the bus
masters when they access the same slave.

Memory protection unit (MPU) The MPU provides memory protection and task isolation. It concurrently monitors
all bus master transactions for the slave connections.

Peripheral bridges The peripheral bridge converts the crossbar switch interface to an interface to
access a majority of peripherals on the device.

DMA multiplexer (DMAMUX) The DMA multiplexer selects from many DMA requests down to a smaller number
for the DMA controller.

Direct memory access (DMA) controller | The DMA controller provides programmable channels with transfer control
descriptors for data movement via dual-address transfers for 8-, 16-, 32- and 128-
bit data values.

External watchdog monitor (EWM) The EWM is a redundant mechanism to the software watchdog module that
monitors both internal and external system operation for fail conditions.

Software watchdog (WDOG) The WDOG monitors internal system operation and forces a reset in case of
failure. It can run from an independent 1 KHz low power oscillator with a
programmable refresh window to detect deviations in program flow or system
frequency.

2.2.3 Memories and Memory Interfaces

The following memories and memory interfaces are available on this device.

Table 2-4. Memories and memory interfaces

Module Description

Flash memory ¢ Program flash memory — non-volatile flash memory that can execute
program code
* FlexMemory — encompasses the following memory types:
* For devices with FlexNVM: FlexNVM — Non-volatile flash memory that
can execute program code, store data, or backup EEPROM data
¢ For devices with FlexNVM: FlexRAM — RAM memory that can be
used as traditional RAM or as high-endurance EEPROM storage, and
also accelerates flash programming
* For devices with only program flash memory: Programming
acceleration RAM — RAM memory that accelerates flash programming

Flash memory controller Manages the interface between the device and the on-chip flash memory.

SRAM Internal system RAM. Partial SRAM kept powered in VLLS2 low leakage mode.

SRAM controller Manages simultaneous accesses to system RAM by multiple master peripherals
and core.

System register file 32-byte register file that is accessible during all power modes and is powered by
VDD.

VBAT register file 32-byte register file that is accessible during all power modes and is powered by
VBAT.

Table continues on the next page...
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Table 2-4. Memories and memory interfaces (continued)

Module

Description

Serial programming interface (EzPort)

Same serial interface as, and subset of, the command set used by industry-
standard SPI flash memories. Provides the ability to read, erase, and program
flash memory and reset command to boot the system after flash programming.

FlexBus

External bus interface with multiple independent, user-programmable chip-select
signals that can interface with external SRAM, PROM, EPROM, EEPROM, flash,
and other peripherals via 8-, 16- and 32-bit port sizes. Configurations include
multiplexed or non-multiplexed address and data buses using 8-bit, 16-bit, 32-bit,
and 16-byte line-sized transfers.

2.2.4 Clocks

The following clock modules are available on this device.

Table 2-5. Clock modules

Module

Description

Multi-clock generator (MCG)

The MCG provides several clock sources for the MCU that include:

* Phase-locked loop (PLL) — Voltage-controlled oscillator (VCO)

* Frequency-locked loop (FLL) — Digitally-controlled oscillator (DCO)

* Internal reference clocks — Can be used as a clock source for other on-chip
peripherals

System oscillator

The system oscillator, in conjunction with an external crystal or resonator,
generates a reference clock for the MCU.

Real-time clock oscillator

The RTC oscillator has an independent power supply and supports a 32 kHz
crystal oscillator to feed the RTC clock. Optionally, the RTC oscillator can replace
the system oscillator as the main oscillator source.

2.2.5 Security and Integrity modules

The following security and integrity modules are available on this device:

Table 2-6. Security and integrity modules

Module

Description

Cyclic Redundancy Check (CRC)

Hardware CRC generator circuit using 16/32-bit shift register. Error detection for all
single, double, odd, and most multi-bit errors, programmabile initial seed value, and
optional feature to transpose input data and CRC result via transpose register.
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2.2.6 Analog modules

The following analog modules are available on this device:

Table 2-7. Analog modules

Module

Description

16-bit analog-to-digital converters (ADC)

16-bit successive-approximation ADC

Analog comparators

Compares two analog input voltages across the full range of the supply voltage.

6-bit digital-to-analog converters (DAC)

64-tap resistor ladder network which provides a selectable voltage reference for
applications where voltage reference is needed.

12-bit digital-to-analog converters (DAC)

Low-power general-purpose DAC, whose output can be placed on an external pin
or set as one of the inputs to the analog comparator or ADC.

Voltage reference (VREF)

Supplies an accurate voltage output that is trimmable in 0.5 mV steps. The VREF
can be used in medical applications, such as glucose meters, to provide a
reference voltage to biosensors or as a reference to analog peripherals, such as
the ADC, DAC, or CMP.

2.2.7 Timer modules

The following timer modules are available on this device:

Table 2-8. Timer modules

Module

Description

Programmable delay block (PDB)

16-bit resolution

3-bit prescaler

Positive transition of trigger event signal initiates the counter

Supports two triggered delay output signals, each with an independently-

controlled delay from the trigger event

* Outputs can be OR'd together to schedule two conversions from one input
trigger event and can schedule precise edge placement for a pulsed output.
This feature is used to generate the control signal for the CMP windowing
feature and output to a package pin if needed for applications, such as
critical conductive mode power factor correction.

¢ Continuous-pulse output or single-shot mode supported, each output is
independently enabled, with possible trigger events

e Supports bypass mode

¢ Supports DMA

Table continues on the next page...

K22 Sub-Family Reference Manual, Rev. 4, November 2014

58

Freescale Semiconductor, Inc.



g |

Chapter 2 Introduction

Table 2-8. Timer modules (continued)

Module

Description

Flexible timer modules (FTM)

Selectable FTM source clock, programmable prescaler

16-bit counter supporting free-running or initial/final value, and counting is up
or up-down

Input capture, output compare, and edge-aligned and center-aligned PWM
modes

Operation of FTM channels as pairs with equal outputs, pairs with
complimentary outputs, or independent channels with independent outputs
Deadtime insertion is available for each complementary pair

Generation of hardware triggers

Software control of PWM outputs

Up to 4 fault inputs for global fault control

Configurable channel polarity

Programmable interrupt on input capture, reference compare, overflowed
counter, or detected fault condition

Quadrature decoder with input filters, relative position counting, and interrupt
on position count or capture of position count on external event

DMA support for FTM events

Periodic interrupt timers (PIT)

Four general purpose interrupt timers

Interrupt timers for triggering ADC conversions
32-bit counter resolution

DMA support

Low-power timer (LPTimer)

Selectable clock for prescaler/glitch filter of 1 kHz (internal LPO), 32.768 kHz
(external crystal), or internal reference clock

Configurable Glitch Filter or Prescaler with 16-bit counter

16-bit time or pulse counter with compare

Interrupt generated on Timer Compare

Hardware trigger generated on Timer Compare

Carrier modulator timer (CMT)

Four CMT modes of operation:
¢ Time with independent control of high and low times
* Baseband
¢ Frequency shift key (FSK)
¢ Direct software control of CMT_IRO pin
Extended space operation in time, baseband, and FSK modes
Selectable input clock divider
Interrupt on end of cycle with the ability to disable CMT_IRO pin and use as
timer interrupt
DMA support

Real-time clock (RTC)

Independent power supply, POR, and 32 kHz Crystal Oscillator

32-bit seconds counter with 32-bit Alarm

16-bit Prescaler with compensation that can correct errors between 0.12 ppm
and 3906 ppm

2.2.8 Communication interfaces

The following communication interfaces are available on this device:

K22 Sub-Family Reference Manual, Rev. 4, November 2014

Freescale Semiconductor, Inc.

59



3
4

4
A

vruerable part numbers

Table 2-9. Communication modules

Module

Description

USB OTG (low-/full-speed)

USB 2.0 compliant module with support for host, device, and On-The-Go modes.
Includes an on-chip transceiver for full and low speeds.

USB Device Charger Detect (USBDCD)

The USBDCD monitors the USB data lines to detect a smart charger meeting the
USB Battery Charging Specification Rev1.2. This information allows the MCU to
better manage the battery charging IC in a portable device.

USB voltage regulator

Up to 5 V regulator input typically provided by USB VBUS power with 3.3 V
regulated output that powers on-chip USB subsystem, capable of sourcing 120 mA
to external board components.

Controller Area Network (CAN)

Supports the full implementation of the CAN Specification Version 2.0, Part B

Serial peripheral interface (SPI)

Synchronous serial bus for communication to an external device

Inter-integrated circuit (12C)

Allows communication between a number of devices. Also supports the System
Management Bus (SMBus) Specification, version 2.

transmitters (UART)

Universal asynchronous receiver/

Asynchronous serial bus communication interface with programmable 8- or 9-bit
data format and support of ISO 7816 smart card interface

128

The I?S is a full-duplex, serial port that allows the chip to communicate with a
variety of serial devices, such as standard codecs, digital signal processors
(DSPs), microprocessors, peripherals, and audio codecs that implement the inter-
IC sound bus (12S) and the Intel® AC97 standards

2.2.9 Human-machine interfaces

The following human-machine interfaces (HMI) are available on this device:

Table 2-10. HMI modules

Module

Description

General purpose input/output (GPI1O)

All general purpose input or output (GPIO) pins are capable of interrupt and DMA
request generation. All GPIO pins have 5 V tolerance.

2.3 Orderable part numbers

The following table summarizes the part numbers of the devices covered by this

document.

Table 2-11. Orderable part numbers summary

Freescale part number CPU Pin Package Total Program | EEPROM| SRAM GPIO
count flash flash
frequenc
memory
y
MK22FX512VLH12 120 MHz |64 LQFP 640 KB 512 KB 4 KB 128 KB 40
MK22FN1MOVLH12 120 MHz |64 LQFP 1 MB 1 MB — 128 KB 40
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Chapter 3
Chip Configuration

3.1 Introduction

This chapter provides details on the individual modules of the microcontroller. It
includes:

* module block diagrams showing immediate connections within the device,

* specific module-to-module interactions not necessarily discussed in the individual
module chapters, and

* links for more information.

3.2 Core modules

3.2.1 ARM Cortex-M4 Core Configuration

This section summarizes how the module has been configured in the chip. Full
documentation for this module is provided by ARM and can be found at arm.com.
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Debug Interrupts

PPB

Crossbar ARM Cortex-M4
switch Core

PPB Modules

Figure 3-1. Core configuration

Table 3-1. Reference links to related information

Topic Related module Reference
Full description ARM Cortex-M4 core ARM Cortex-M4 Technical Reference Manual
System memory map System memory map
Clocking Clock distribution
Power management Power management
System/instruction/data Crossbar switch Crossbar switch
bus module
Debug IEEE 1149.1 JTAG Debug
IEEE 1149.7 JTAG
(cJTAG)
Serial Wire Debug
(SWD)
ARM Real-Time Trace
Interface
Interrupts Nested Vectored NVIC
Interrupt Controller
(NVIC)
Private Peripheral Bus | Miscellaneous Control MCM
(PPB) module Module (MCM)

3.2.1.1 Buses, interconnects, and interfaces
The ARM Cortex-M4 core has four buses as described in the following table.

Bus name Description

Instruction code (ICODE) bus
Data code (DCODE) bus

System bus

Private peripheral (PPB) bus |The PPB provides access to these modules:
¢ ARM modules such as the NVIC, ETM, ITM, DWT, FBP, and ROM table

* Freescale Miscellaneous Control Module (MCM)

The ICODE and DCODE buses are muxed. This muxed bus is called the CODE bus and is
connected to the crossbar switch via a single master port.

The system bus is connected to a separate master port on the crossbar.
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3.2.1.2 System Tick Timer

The System Tick Timer's clock source is always the core clock, FCLK. This results in the
following:

* The CLKSOURCE bit in SysTick Control and Status register is always set to select
the core clock.

» Because the timing reference (FCLK) is a variable frequency, the TENMS bit in the
SysTick Calibration Value Register is always zero.

* The NOREF bit in SysTick Calibration Value Register is always set, implying that
FCLK is the only available source of reference timing.

3.2.1.3 Debug facilities

This device has extensive debug capabilities including run control and tracing
capabilities. The standard ARM debug port that supports JTAG and SWD interfaces.
Also the cJTAG interface is supported on this device.

3.2.1.4 Core privilege levels

The ARM documentation uses different terms than this document to distinguish between
privilege levels.

If you see this term... it also means this term...
Privileged Supervisor
Unprivileged or user User

3.2.2 Nested Vectored Interrupt Controller (NVIC) Configuration

This section summarizes how the module has been configured in the chip. Full
documentation for this module is provided by ARM and can be found at arm.com.
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Figure 3-2. NVIC configuration

Table 3-2. Reference links to related information

Topic Related module Reference
Full description Nested Vectored ARM Cortex-M4 Technical Reference Manual
Interrupt Controller
(NVIC)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Private Peripheral Bus | ARM Cortex-M4 core ARM Cortex-M4 core
(PPB)

3.2.2.1 Interrupt priority levels

This device supports 16 priority levels for interrupts. Therefore, in the NVIC each source
in the IPR registers contains 4 bits. For example, IPRO is shown below:

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

R 0/{0(0]|0 0/(0(0]|0 0|0(0]|0 0|0(0]|0
IRQ3 IRQ2 IRQ1 IRQO

3.2.2.2 Non-maskable interrupt

The non-maskable interrupt request to the NVIC is controlled by the external NMI signal.
The pin the NMI signal is multiplexed on, must be configured for the NMI function to
generate the non-maskable interrupt request.

3.2.2.3 Interrupt channel assignments

The interrupt source assignments are defined in the following table.
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* Vector number — the value stored on the stack when an interrupt is serviced.
* IRQ number — non-core interrupt source count, which is the vector number minus
16.

The IRQ number is used within ARM's NVIC documentation.

Table 3-4. Interrupt vector assignments

Address Vector IRQ! NVIC NVIC Source module Source description

non-IPR IPR

register | register

number | number

2 3
ARM Core System Handler Vectors
0x0000_0000 0 - - - ARM core Initial Stack Pointer
0x0000_0004 1 - - - ARM core Initial Program Counter
0x0000_0008 2 - - - ARM core Non-maskable Interrupt (NMI)
0x0000_000C 3 - - - ARM core Hard Fault
0x0000_0010 4 - - - ARM core MemManage Fault
0x0000_0014 5 - - - ARM core Bus Fault
0x0000_0018 6 - - - ARM core Usage Fault
0x0000_001C 7 - - - — —
0x0000_0020 8 - - - — —
0x0000_0024 9 - - - — —
0x0000_0028 10 - - - — —
0x0000_002C 11 - - - ARM core Supervisor call (SVCall)
0x0000_0030 12 - - - ARM core Debug Monitor
0x0000_0034 13 - - - — —
0x0000_0038 14 - - - ARM core Pendable request for system service
(PendableSrvReq)

0x0000_003C 15 - - - ARM core System tick timer (SysTick)
Non-Core Vectors
0x0000_0040 16 0 0 0 DMA DMA channel 0 transfer complete
0x0000_0044 17 1 0 0 DMA DMA channel 1 transfer complete
0x0000_0048 18 2 0 0 DMA DMA channel 2 transfer complete
0x0000_004C 19 3 0 0 DMA DMA channel 3 transfer complete
0x0000_0050 20 4 0 1 DMA DMA channel 4 transfer complete
0x0000_0054 21 5 0 1 DMA DMA channel 5 transfer complete
0x0000_0058 22 6 0 1 DMA DMA channel 6 transfer complete
0x0000_005C 23 7 0 1 DMA DMA channel 7 transfer complete
0x0000_0060 24 8 0 2 DMA DMA channel 8 transfer complete
0x0000_0064 25 9 0 2 DMA DMA channel 9 transfer complete
0x0000_0068 26 10 0 2 DMA DMA channel 10 transfer complete
0x0000_006C 27 11 0 2 DMA DMA channel 11 transfer complete

Table continues on the next page...
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Table 3-4. Interrupt vector assignments (continued)
Address Vector IRQ' NVIC NVIC Source module Source description
non-IPR IPR
register | register
number | number
2 3
0x0000_0070 28 12 0 3 DMA DMA channel 12 transfer complete
0x0000_0074 29 13 0 3 DMA DMA channel 13 transfer complete
0x0000_0078 30 14 0 3 DMA DMA channel 14 transfer complete
0x0000_007C 31 15 0 3 DMA DMA channel 15 transfer complete
0x0000_0080 32 16 0 4 DMA DMA error interrupt channels 0-15
0x0000_0084 33 17 0 4 MCM MCM interrupt
0x0000_0088 34 18 0 4 Flash memory Command complete
0x0000_008C 35 19 0 4 Flash memory Read collision
0x0000_0090 36 20 0 5 Mode Controller Low-voltage detect, low-voltage warning
0x0000_0094 37 21 0 5 LLWU Low Leakage Wakeup
NOTE: The LLWU interrupt must not be
masked by the interrupt
controller to avoid a scenario
where the system does not fully
exit stop mode on an LLS
recovery.
0x0000_0098 38 22 0 5 WDOG or EWM Both watchdog modules share this
interrupt
0x0000_009C 39 23 0 5 — —
0x0000_00A0 40 24 0 6 12Co —
0x0000_00A4 41 25 0 6 [2C1 —
0x0000_00A8 42 26 0 6 SPIO Single interrupt vector for all sources
0x0000_00AC 43 27 0 6 — —
0x0000_00B0 44 28 0 7 12S0 Transmit
0x0000_00B4 45 29 0 7 12S0 Receive
0x0000_00B8 46 30 0 7 — —
0x0000_00BC 47 31 0 7 UARTO Single interrupt vector for UART status
sources
0x0000_00C0 48 32 1 8 UARTO Single interrupt vector for UART error
sources
0x0000_00C4 49 33 1 8 UART1 Single interrupt vector for UART status
sources
0x0000_00C8 50 34 1 8 UART1 Single interrupt vector for UART error
sources
0x0000_00CC 51 35 1 8 UART2 Single interrupt vector for UART status
sources
0x0000_00D0 52 36 1 9 UART2 Single interrupt vector for UART error
sources
0x0000_00D4 53 37 1 9
0x0000_00D8 54 38 1 9

Table continues on the next page...
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Table 3-4. Interrupt vector assignments (continued)
Address Vector IRQ! NVIC NVIC Source module Source description

non-IPR IPR

register | register

number | number

2 3
0x0000_00DC 55 39 1 9 ADCO —
0x0000_00EO0 56 40 1 10 CMPO —
0x0000_00E4 57 41 1 10 CMP1 —
0x0000_00E8 58 42 1 10 FTMO Single interrupt vector for all sources
0x0000_00EC 59 43 1 10 FTMA1 Single interrupt vector for all sources
0x0000_00F0 60 44 1 11 FTM2 Single interrupt vector for all sources
0x0000_00F4 61 45 1 11 CMT —
0x0000_00F8 62 46 1 11 RTC Alarm interrupt
0x0000_00FC 63 47 1 11 RTC Seconds interrupt
0x0000_0100 64 48 1 12 PIT Channel 0
0x0000_0104 65 49 1 12 PIT Channel 1
0x0000_0108 66 50 1 12 PIT Channel 2
0x0000_010C 67 51 1 12 PIT Channel 3
0x0000_0110 68 52 1 13 PDB —
0x0000_0114 69 53 1 13 USB OTG —
0x0000_0118 70 54 1 13 USB Charger —
Detect

0x0000_011C 71 55 1 13 — —
0x0000_0120 72 56 1 14 DACO —
0x0000_0124 73 57 1 14 MCG —
0x0000_0128 74 58 1 14 Low Power Timer |—
0x0000_012C 75 59 1 14 Port control module |Pin detect (Port A)
0x0000_0130 76 60 1 15 Port control module |Pin detect (Port B)
0x0000_0134 77 61 1 15 Port control module |Pin detect (Port C)
0x0000_0138 78 62 1 15 Port control module |Pin detect (Port D)
0x0000_013C 79 63 1 15 Port control module |Pin detect (Port E)
0x0000_0140 80 64 2 16 Software Software interrupt*
0x0000_0144 81 65 2 16 SPI2 Single interrupt vector for all sources
0x0000_0148 82 66 2 16
0x0000_014C 83 67 2 16
0x0000_0150 84 68 2 17
0x0000_0154 85 69 2 17
0x0000_0158 86 70 2 17 CMP2 —
0x0000_015C 87 71 2 17 FTM3 Single interrupt vector for all sources
0x0000_0160 88 72 2 18 DACH1 —
0x0000_0164 89 73 2 18 ADC1 —
0x0000_0168 90 74 2 18 [2c2 —

Table continues on the next page...
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Table 3-4. Interrupt vector assignments (continued)

Address Vector IRQ! NVIC NVIC Source module Source description
non-IPR IPR
register | register

number | number
2 3

0x0000_016C 91 75 2 18 CANO OR'ed Message buffer (0-15)
0x0000_0170 92 76 2 19 CANO Bus Off

0x0000_0174 93 77 2 19 CANO Error

0x0000_0178 94 78 2 19 CANO Transmit Warning
0x0000_017C 95 79 2 19 CANO Receive Warning
0x0000_0180 96 80 2 20 CANO Wake Up

0x0000_0184 97 81 2 20 — —

—_

Indicates the NVIC's interrupt source number.
2. Indicates the NVIC's ISER, ICER, ISPR, ICPR, and IABR register number used for this IRQ. The equation to calculate this

value is: IRQ div 32
3. Indicates the NVIC's IPR register number used for this IRQ. The equation to calculate this value is: IRQ div 4
4. This interrupt can only be pended or cleared via the NVIC registers.

3.2.2.3.1 Determining the bitfield and register location for configuring a
particular interrupt

Suppose you need to configure the low-power timer (LPTMR) interrupt. The following
table is an excerpt of the LPTMR row from Interrupt channel assignments.

Table 3-5. LPTMR interrupt vector assignment

Address Vector IRQ! NVIC NVIC Source module Source description
non-IPR IPR
register | register

number | number
2 3

0x0000_0138 74 58 1 14 Low Power Timer |—

—

Indicates the NVIC's interrupt source number.

2. Indicates the NVIC's ISER, ICER, ISPR, ICPR, and IABR register number used for this IRQ. The equation to calculate this
value is: IRQ div 32

3. Indicates the NVIC's IPR register number used for this IRQ. The equation to calculate this value is: IRQ div 4

* The NVIC registers you would use to configure the interrupt are:

NVICISER1

NVICICER1

NVICISPR1

NVICICPR1

NVICIABRI1

NVICIPR 14

* To determine the particular IRQ's bitfield location within these particular registers:
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 NVICISER1, NVICICER1, NVICISPR1, NVICICPR1, NVICIABRI1 bit
location = IRQ mod 32 =26
* NVICIPR 14 bitfield starting location = 8 * (IRQ mod 4) + 4 =20

Since the NVICIPR bitfields are 4-bit wide (16 priority levels), the NVICIPR14
bitfield range is 20-23

Therefore, the following bitfield locations are used to configure the LPTMR interrupts:

« NVICISER1[26]
« NVICICER1[26]
« NVICISPR1[26]
« NVICICPR1[26]
« NVICIABRI1[26]
e NVICIPR14[23:20]

3.2.3 Asynchronous Wake-up Interrupt Controller (AWIC)
Configuration

This section summarizes how the module has been configured in the chip. Full
documentation for this module is provided by ARM and can be found at arm.com.

Clock logic

Wake-up
requests

Controller (AWIC)

Nested vectored
interrupt controller
(NVIC)

Asynchronous
Wake-up Interrupt -

Figure 3-3. Asynchronous Wake-up Interrupt Controller configuration

Table 3-6. Reference links to related information

Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Power management Power management
Nested Vectored NVIC
Interrupt Controller
(NVIC)
Wake-up requests AWIC wake-up sources
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3.2.3.1 Wake-up sources

The device uses the following internal and external inputs to the AWIC module.

Table 3-7. AWIC Stop and VLPS Wake-up Sources

Wake-up source Description
Available system resets RESET pin and WDOG when LPO is its clock source, and JTAG
Low-voltage detect Mode Controller
Low-voltage warning Mode Controller
Pin interrupts Port Control Module - Any enabled pin interrupt is capable of waking the system
ADCx The ADC is functional when using internal clock source
CMPx Since no system clocks are available, functionality is limited
l2C Address match wakeup
UART Active edge on RXD
USB Wakeup
LPTMR Functional in Stop/VLPS modes
RTC Functional in Stop/VLPS modes
12S Functional when using an external bit clock or external master clock
CAN
NMI Non-maskable interrupt

3.2.4 JTAG Controller Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

JTAG controller

cJTAG
Signal multiplexing

Figure 3-4. JTAGC Controller configuration

Table 3-8. Reference links to related information

Topic Related module Reference
Full description JTAGC JTAGC
Signal multiplexing Port control Signal multiplexing
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3.3 System modules

3.3.1 SIM Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

System integration
module (SIM)

Figure 3-5. SIM configuration

Table 3-9. Reference links to related information

Topic Related module Reference
Full description SIM SIM
System memory map System memory map
Clocking Clock distribution

Power management

Power management

3.3.2 System Mode Controller (SMC) Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge

Register
access

Resets

System Mode
Controller (SMC)

Power Management
Controller (PMC)

Figure 3-6. System Mode Controller configuration

Table 3-10. Reference links to related information

Topic

Related module

Reference

Full description

System Mode
Controller (SMC)

SMC

System memory map

System memory map

Power management

Power management

Power management PMC
controller (PMC)
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.3.3 PMC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-7. PMC configuration
Table 3-11. Reference links to related information
Topic Related module Reference
Full description PMC PMC

System memory map

System memory map

Power management

Power management

Full description

System Mode
Controller (SMC)

System Mode Controller

Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.3.4 Low-Leakage Wake-up Unit (LLWU) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-8. Low-Leakage Wake-up Unit configuration

Table 3-12. Reference links to related information

Topic Related module Reference
Full description LLWU LLWU
System memory map System memory map
Clocking Clock distribution
Power management Power management chapter
Power Management Power Management Controller (PMC)
Controller (PMC)
Mode Controller Mode Controller
Wake-up requests LLWU wake-up sources

3.3.4.1 Wake-up Sources

This chip uses the following internal peripheral and external pin inputs as wakeup
sources to the LLWU module:

 LLWU_PO-15 are external pin inputs. Any digital function multiplexed on the pin
can be selected as the wakeup source. See the chip's signal multiplexing table for the
digital signal options.

 LLWU_MOIF-MTIF are connections to the internal peripheral interrupt flags.

NOTE
RESET is also a wakeup source, depending on the bit setting in
the LLWU_RST register. On devices where RESET is not a
dedicated pin, it must also be enabled in the explicit port mux
control.
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Table 3-13. Wakeup sources for LLWU inputs
Input Wakeup source Input Wakeup source

LLWU_PO PTE1/LLWU_PO pin LLWU_P12 PTDO/LLWU_P12 pin
LLWU_P1 PTE2/LLWU_P1 pin LLWU_P13 PTD2/LLWU_P13 pin
LLWU_P2 PTE4/LLWU_P2 pin LLWU_P14 PTD4/LLWU_P14 pin
LLWU_P3 PTA4/LLWU_P3 pin LLWU_P15 PTD6/LLWU_P15 pin
LLWU_P4 PTA13/LLWU_P4 pin LLWU_MOIF |LPTMRZ
LLWU_P5 PTBO/LLWU_PS5 pin LLWU_M1IF  |CMPO0?
LLWU_P6 PTC1/LLWU_PS6 pin LLWU_M2IF  |CMP12
LLWU_P7 PTCS3/LLWU_P7 pin LLWU_MSIF  |CMP22
LLWU_P8 PTC4/LLWU_P8 pin LLWU_M4IF  |Reserved
LLWU_P9 PTC5/LLWU_P9 pin LLWU_MSIF  |RTC Alarm?
LLWU_P10 |PTC6/LLWU_P10 pin LLWU_M6IF |ReservedReserved
LLWU_P11 |PTC11/LLWU_P11 pin LLWU_M7IF |RTC Seconds?

1. The EZP_CS signal is checked only on Chip Reset not VLLS, so a VLLS wakeup via a non-reset source does not cause
EzPort mode entry. If NMI was enabled on entry to LLS/VLLS, asserting the NMI pin generates an NMI interrupt on exit
from the low power mode.

2. Requires the peripheral and the peripheral interrupt to be enabled. The LLWU's WUME bit enables the internal module flag
as a wakeup input. After wakeup, the flags are cleared based on the peripheral clearing mechanism.

3.3.5 MCM Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

<

=

é o PPB Miscellaneous

88 Trant Control Module
ransiers

é (MCM)

Figure 3-9. MCM configuration

Table 3-14. Reference links to related information

Topic

Related module

Reference

Full description

Miscellaneous control
module (MCM)

MCM

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Transfers

Private Peripheral Bus
(PPB)

ARM Cortex-M4 core

ARM Cortex-M4 core
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3.3.6 Crossbar Switch Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Master Modules Slave Modules

Crossbar Switch
ARM core o
code bus ~1=
ol |= Flash
ARM core @ 2 controller
system bus — % _
s 85
oo
53
g
DMA £ SRAM
12 >
x o @ = backdoor
2 =
EzPort o Peripheral
@ bridge 0
Peripheral
bridge 1
x
o) I - |
UJ
GPIO
usB >3 controller
< >
1% % —> FlexBus
SDHC > 2

Figure 3-10. Crossbar switch integration

NOTE
SDHC is not available on all packages. See the Pinout section
for more information.

Table 3-15. Reference links to related information

Topic Related module Reference
Full description Crossbar switch Crossbar Switch
System memory map System memory map

Table continues on the next page...
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Table 3-15. Reference links to related information (continued)

Topic

Related module

Reference

Clocking

Clock Distribution

Memory protection

MPU

MPU

Crossbar switch master

ARM Cortex-M4 core

ARM Cortex-M4 core

Crossbar switch master

DMA controller

DMA controller

Crossbar switch master EzPort EzPort
Crossbar switch master USB FS/LS USB FS/LS
Crossbar switch slave Flash Flash

Crossbar switch slave

Peripheral bridges

Peripheral bridge

Crossbar switch slave

GPIO controller

GPIO controller

Crossbar switch slave

FlexBus

FlexBus

3.3.6.1 Crossbar Switch Master Assignments

The masters connected to the crossbar switch are assigned as follows:

Master module Master port number
ARM core code bus 0
ARM core system bus 1
DMA/EzPort 2
USB OTG 4
NOTE

The DMA and EzPort share a master port. Since these modules
never operate at the same time, no configuration or arbitration
explanations are necessary.

3.3.6.2 Crossbar Switch Slave Assignments

The slaves connected to the crossbar switch are assigned as follows:

Slave module

Slave port number

Protected by MPU?

Flash memory controller

Yes

SRAM backdoor

Yes

Peripheral bridge 0'

No. Protection built into bridge.

Peripheral bridge 1/GPIO!

No. Protection built into bridge.

FlexBus

AlWIN|=|O

Yes
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1. See System memory map for access restrictions.

3.3.6.3 PRS register reset values
The AXBS_PRSn registers reset to 0043_0210h.

3.3.7 Memory Protection Unit (MPU) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0

Register
access

Logical Transfers Transfers
Master
IK/?gifal Memory Protection (_>
aster ;

Unit (MPU)

Logical

Master

Figure 3-11. Memory Protection Unit configuration

Table 3-16. Reference links to related information

Topic Related module Reference
Full description Memory Protection Unit MPU
(MPU)
System memory map System memory map
Clocking Clock distribution

Power management Power management

Logical masters Logical master assignments

Slave modules Slave module assignments
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3.3.7.1 MPU Slave Port Assignments
The memory-mapped resources protected by the MPU are:

Table 3-17. MPU Slave Port Assignments

Source MPU Slave Port Assignment Destination
Crossbar slave port 0 MPU slave port 0 Flash Controller
Crossbar slave port 1 MPU slave port 1 SRAM backdoor
Code Bus MPU slave port 2 SRAM_L frontdoor
System Bus MPU slave port 3 SRAM_U frontdoor
Crossbar slave port 4 MPU slave port 4 FlexBus

3.3.7.2 MPU Logical Bus Master Assignments

The logical bus master assignments for the MPU are:

Table 3-18. MPU Logical Bus Master Assignments

MPU Logical Bus Master Number Bus Master

Core

Debugger
DMA
none
USB
none

none

N|ojloa|h|lW|N|=|O

none

3.3.7.3 MPU Access Violation Indications

Access violations detected by the MPU are signaled to the appropriate bus master as
shown below:

Table 3-19. Access Violation Indications

Bus Master Core Indication

Core Bus fault (interrupt vector #5) Note: To enable bus faults set the core's System
Handler Control and State Register's BUSFAULTENA bit. If this bit is not set, MPU
violations result in a hard fault (interrupt vector #3).

Debugger The STICKYERROR flag is set in the Debug Port Control/Status Register.
DMA Interrupt vector #32
USB_OTG Interrupt vector #69
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3.3.7.4 Reset Values for RGDO Registers

At reset, the MPU is enabled with a single region descriptor (RGDO) that maps the entire
4 GB address space with read, write and execute permissions given to the core, debugger
and the DMA bus masters.

The following table shows the chip-specific reset values for RGD0O and RGDAACO.
Table 3-20. Reset Values for RGDO Registers

Register Reset value
RGD0_WORDO 0000_0000h
RGDO_WORD1 FFFF_FFFFh
RGD0O_WORD2 0061_F7DFh
RGD0O_WORD3 0000_0001h
RGDAACO 0061_F7DFh

3.3.7.5 Write Access Restrictions for RGDO Registers

In addition to configuring the initial state of RGDO0, the MPU implements further access
control on writes to the RGDO registers. Specifically, the MPU assigns a priority scheme
where the debugger is treated as the highest priority master followed by the core and then
all the remaining masters.

The MPU does not allow writes from the core to affect the RGDO start or end addresses
nor the permissions associated with the debugger; it can only write the permission fields
associated with the other masters.

These protections (summarized below) guarantee that the debugger always has access to
the entire address space and those rights cannot be changed by the core or any other bus
master.

Table 3-21. Write Access to RGDO Registers

Bus Master Write Access?

Core Partial. The Core cannot write to the following registers or
register fields:
* RGDO_WORDO, RGDO_WORD1, RGD0O_WORD3
* RGDO_WORD2[M1SM, M1UM]
* RGDAACO[M1SM, M1UM]

NOTE: Changes to the RGDO_WORD?2 alterable fields
should be done via a write to RGDAACO.

Table continues on the next page...
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Table 3-21. Write Access to RGDO Registers (continued)

Bus Master

Write Access?

Debugger

Yes

All other masters

No

3.3.8 Peripheral Bridge Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Transfers

Crossbar switch

AIPS-Lite
peripheral bridge

Transfers

Peripherals

Figure 3-12. Peripheral bridge configuration

Table 3-22. Reference links to related information

Topic

Related module

Reference

Full description

Peripheral bridge
(AIPS-Lite)

Peripheral bridge (AIPS-Lite)

System memory map

System memory map

Clocking

Clock Distribution

Crossbar switch

Crossbar switch

Crossbar switch

3.3.8.1

This device contains.

3.3.8.2 Memory maps

Number of peripheral bridges

The peripheral bridges are used to access the registers of most of the modules on this
device. See AIPSO Memory Map and AIPST Memory Map for the memory slot
assignment for each module.

K22 Sub-Family Reference Manual, Rev. 4, November 2014

Freescale Semiconductor, Inc.

83




g |

sysiem modules

3.3.9 DMA request multiplexer configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0
Register
access
Requests -m
% Channel
° Multiplexer H H
=
a

Figure 3-13. DMA request multiplexer configuration

Table 3-23. Reference links to related information

Topic Related module Reference
Full description DMA request DMA Mux
multiplexer
System memory map System memory map
Clocking Clock distribution
Power management Power management
Channel request DMA controller DMA Controller
Requests DMA request sources

3.3.9.1 DMA MUX request sources

This device includes a DMA request mux that allows up to 63 DMA request signals to be
mapped to any of the 16 DMA channels. Because of the mux there is not a hard
correlation between any of the DMA request sources and a specific DMA channel.

Table 3-24. DMA request sources - MUX 0

Source Source module Source description
number

0 — Channel disabled"

1 Reserved Not used

2 UARTO Receive

3 UARTO Transmit

4 UARTH1 Receive

5 UARTH1 Transmit

Table continues on the next page...
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Table 3-24. DMA request sources - MUX 0 (continued)

Source Source module Source description
number
6 UART2 Receive
7 UART2 Transmit
8 Reserved —
9 Reserved —
10 Reserved —
11 Reserved —
12 1280 Receive
13 12S0 Transmit
14 SPIO Receive
15 SPIO Transmit
16 Reserved — Transmit or Receive
17 Reserved —
18 [2Co —
19 I2C1 or I2C2 —
20 FTMO Channel 0
21 FTMO Channel 1
22 FTMO Channel 2
23 FTMO Channel 3
24 FTMO Channel 4
25 FTMO Channel 5
26 FTMO Channel 6
27 FTMO Channel 7
28 FTMA1 Channel 0
29 FTMA1 Channel 1
30 FTM2 Channel 0
31 FTM2 Channel 1
32 FTM3 Channel 0
33 FTM3 Channel 1
34 FTM3 Channel 2
35 FTM3 Channel 3
36 FTM3 Channel 4
37 FTM3 Channel 5
38 FTM3 Channel 6
39 FTM3 Channel 7
40 ADCO —
41 ADCA1 —
42 CMPO —
43 CMP1 —
44 CMP2 —

Table continues on the next page...
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Table 3-24. DMA request sources - MUX 0 (continued)

Source Source module Source description
number

45 DACO —

46 Reserved -

47 CMT —

48 PDB —

49 Port control module Port A

50 Port control module Port B

51 Port control module Port C

52 Port control module Port D

53 Port control module Port E

54 DMA MUX Always enabled
55 DMA MUX Always enabled
56 DMA MUX Always enabled
57 DMA MUX Always enabled
58 DMA MUX Always enabled
59 DMA MUX Always enabled
60 DMA MUX Always enabled
61 DMA MUX Always enabled
62 DMA MUX Always enabled
63 DMA MUX Always enabled

1. Configuring a DMA channel to select source 0 or any of the reserved sources disables that DMA channel.

3.3.9.2 DMA transfers via PIT trigger

The PIT module can trigger a DMA transfer on the first four DMA channels. The
assignments are detailed at PIT/DMA Periodic Trigger Assignments .

3.3.10 DMA Controller Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge O

Register
access

Transfers Requests

DMA Controller

Crossbar switch
DMA Multiplexer

Figure 3-14. DMA Controller configuration

Table 3-25. Reference links to related information

Topic Related module Reference
Full description DMA Controller DMA Controller
System memory map System memory map
Register access Peripheral bridge AIPS-Lite 0
(AIPS-Lite 0)
Clocking Clock distribution
Power management Power management
Transfers Crossbar switch Crossbar switch

3.3.11 External Watchdog Monitor (EWM) Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge 0

Register
access

External Watchdog Module signals
Monitor (EWM)

Signal multiplexing

Figure 3-15. External Watchdog Monitor configuration

Table 3-26. Reference links to related information

Topic Related module Reference
Full description External Watchdog EWM
Monitor (EWM)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port Control Module Signal multiplexing

3.3.11.1  EWM clocks

This table shows the EWM clocks and the corresponding chip clocks.
Table 3-27. EWM clock connections

Module clock Chip clock
Low Power Clock 1 kHz LPO Clock

3.3.11.2 EWM low-power modes

This table shows the EWM low-power modes and the corresponding chip low-power
modes.

Table 3-28. EWM low-power modes

Module mode Chip mode
Wait Wait, VLPW
Stop Stop, VLPS, LLS
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3.3.11.3 EWNM_OUT pin state in low power modes

During Wait, Stop, and Power Down modes the EWM_OUT pin preserve its state before
entering Wait or Stop mode. When the CPU enters a Run mode from Wait or Stop
recovery, the pin resumes its previous state before entering Wait or Stop mode. When the
CPU enters Run mode from Power Down, the pin returns to its reset state.

3.3.12 Watchdog Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge O

Register
access

WDOG

Mode Controller

Figure 3-16. Watchdog configuration

Table 3-29. Reference links to related information

Topic Related module Reference
Full description Watchdog Watchdog
System memory map System memory map
Clocking Clock distribution
Power management Power management
Mode Controller (MC)

3.3.12.1 WDOG clocks
This table shows the WDOG module clocks and the corresponding chip clocks.
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Table 3-30. WDOG clock connections

Module clock

Chip clock

LPO Oscillator

1 kHz LPO Clock

Alt Clock Bus Clock
Fast Test Clock Bus Clock
System Bus Clock Bus Clock

3.3.12.2 WDOG low-power modes

This table shows the WDOG low-power modes and the corresponding chip low-power

modes.
Table 3-31. WDOG low-power modes
Module mode Chip mode
Wait Wait, VLPW
Stop Stop, VLPS
Power Down LLS, VLLSx

3.4 Clock modules

3.4.1 MCG Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral
bridge

Register
access

System

RTC
oscillator| |oscillator

Multipurpose Clock
Generator (MCG)

System integration
module (SIM)

Figure 3-17. MCG configuration

Table 3-32. Reference links to related information

Topic Related module Reference
Full description MCG MCG
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.4.2 OSC Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.

MCG

Peripheral
bridge

Register
access

System oscillator

Module signals

Signal multiplexing

Figure 3-18. OSC configuration

Table 3-33. Reference links to related information

Topic

Related module

Reference

Full description

0SC

0SC

System memory map

System memory map

Clocking

Clock distribution

Table continues on the next page...

K22 Sub-Family Reference Manual, Rev. 4, November 2014

Freescale Semiconductor, Inc.

91




memories and memory interfaces

Table 3-33. Reference links to related information (continued)

Topic Related module Reference
Power management Power management
Signal multiplexing Port control Signal multiplexing

Full description MCG MCG

3.4.2.1 OSC modes of operation with MCG

The MCG's C2 register bits configure the oscillator frequency range. See the OSC and
MCG chapters for more details.

3.4.3 RTC OSC configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Module signals

MCG

32-kHz RTC oscillator

Signal multiplexing

Figure 3-19. RTC OSC configuration

Table 3-34. Reference links to related information

Topic Related module Reference
Full description RTC OSC RTC OSC
Signal multiplexing Port control Signal multiplexing
Full description MCG MCG

3.5 Memories and memory interfaces

3.5.1 Flash Memory Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Peripheral bus
controller 0

Register
access

Transfers
Flash memory

Flash memory
controller

Figure 3-20. Flash memory configuration

Table 3-35. Reference links to related information

Topic Related module Reference
Full description Flash memory Flash memory
System memory map

System memory map

Clock Distribution

Clocking
Transfers Flash memory Flash memory controller
controller
Register access Peripheral bridge Peripheral bridge

3.5.1.1 Flash memory types

This device contains the following types of flash memory:

* Program flash memory — non-volatile flash memory that can execute program code

* FlexMemory — encompasses the following memory types:
* For devices with FlexNVM: FlexNVM — Non-volatile flash memory that can

execute program code, store data, or backup EEPROM data
* For devices with FlexXNVM: FlexRAM — RAM memory that can be used as
traditional RAM or as high-endurance EEPROM storage, and also accelerates

flash programming
* For devices with only program flash memory: Programming acceleration RAM

— RAM memory that accelerates flash programming

3.5.1.2 Flash Memory Sizes
The devices covered in this document contain:

* For devices with program flash only:
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* 2 blocks (512 KB each) blocks of program flash consisting of 4 KB sectors
* 1 block of programming Acceleration RAM
* For devices that contain FlexNVM:
* 1 block (512 KB) of program flash consisting of 4 KB sectors
* 1 block (128 KB) of FlexNVM consisting of 4 KB sectors
* 1 block of FlexRAM

The amounts of flash memory for the devices covered in this document are:

Device Program Block 0 (P- FlexNVM Block 1 FlexRAM/ FlexRAM/
flash (KB) Flash) (KB) (FlexXNVM/ P-| Programming| Programming
address Flash) Acceleration| Acceleration
range’ address RAM (KB) | RAM address
range’ range
MK22FX512VL | 512 0x0000_0000- | 128 0x1000_0000- |4 0x1400_0000—
H12 0x0007_FFFF 0x1001_FFFF 0x1400_OFFF
MK22FN1MOVL | 1024 0x0000_0000- | — 0x0008_0000- |4 0x1400_0000—
H12 0x0007_FFFF 0x000F_FFFF 0x1400_OFFF

1. For program flash only devices: The addresses shown assume program flash swap is disabled (default configuration).

3.5.1.3 Flash Memory Size Considerations

Since this document covers devices that contain program flash only and devices that
contain program flash and FlexNVM, there are some items to consider when reading the
flash memory chapter.

* The flash memory chapter shows a mixture of information depending on the device
you are using.
* For the program flash only devices:
» Two program flash blocks are supported: block 0 and block 1. The two blocks
are contiguous in the memory map.
* The program flash blocks support a swap feature in which the starting address of
the program flash blocks can be swapped.
* The FlexRAM is not available as EEPROM or traditional RAM. Its space is used
only for programming acceleration through the Program Section command.
* The programming acceleration RAM is used for the Program Section command.
* For the devices containing program flash and FlexNVM:
* Since there is only one program flash block, the program flash swap feature is
not available.
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3.5.1.4 Flash Memory Map

The various flash memories and the flash registers are located at different base addresses
as shown in the following figure. The base address for each is specified in System
memory map.

Flash memory base address
Registers

Program flash base address

Flash configuration field

Program flash

Programming acceleration
RAM base address RAM

Figure 3-21. Flash memory map for devices containing only program flash

Flash memory base address
Registers

Program flash base address
Flash configuration field

Program flash

FlexNVM base address

FlexNVM

FlexRAM base address
FlexRAM

Figure 3-22. Flash memory map for devices containing FlexNVM

3.5.1.5 Flash Security

How flash security is implemented on this device is described in Chip Security.

3.5.1.6 Flash Modes

The flash memory operates in NVM normal and NVM special modes. The flash memory
enters NVM special mode when the EzPort is enabled (EZP_CS asserted during reset).
Otherwise, flash memory operates in NVM normal mode.

K22 Sub-Family Reference Manual, Rev. 4, November 2014

Freescale Semiconductor, Inc. 95



memories and memory interfaces

3.5.1.7 Erase All Flash Contents

An Erase All Flash Blocks operation can be launched by software through a series of

peripheral bus writes to flash registers. In addition the entire flash memory may be erased

external to the flash memory from the SWJ-DP debug port by setting

DAP_CONTROL[O]. DAP_STATUS|O] is set to indicate the mass erase command has

been accepted. DAP_STATUS[O0] is cleared when the mass erase completes.

The EzPort can also initiate an erase of flash contents by issuing a bulk erase (BE)
command. See the EzPort chapter for more details.

3.5.1.8 FTF_FOPT Register

The flash memory's FTF_FOPT register allows the user to customize the operation of the

MCU at boot time. See FOPT boot options for details of its definition.

3.5.2 Flash Memory Controller Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Transfers

Peripheral bus
controller 0

access

Register

Crossbar switch
Memory protection
unit

Flash memory
controller

Transfers

Flash memory

Figure 3-23. Flash memory controller configuration

Table 3-36. Reference links to related information

Topic

Related module

Reference

Full description

Flash memory
controller

Flash memory controller

System memory map

System memory map

Clocking

Clock Distribution

Transfers

Flash memory

Flash memory

Table continues on the next page...
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Table 3-36. Reference links to related information (continued)

Topic Related module Reference
Transfers MPU MPU
Transfers Crossbar switch Crossbar Switch

Register access Peripheral bridge Peripheral bridge

3.5.2.1 Number of masters

The Flash Memory Controller supports up to eight crossbar switch masters. However,
this device has a different number of crossbar switch masters. See Crossbar Switch
Configuration for details on the master port assignments.

3.5.2.2 Program Flash Swap

On devices that contain program flash memory only, the program flash memory blocks
may swap their base addresses.

While not using swap:

e FMC_PFBOCR controls the lower code addresses (block 0)
 FMC_PFBICR controls the upper code addresses (block 1)

If swap is used, the opposite is true:

* FMC_PFBOCR controls the upper code addresses (now in block 0)
* FMC_PFBI1CR controls the lower code addresses (now in block 1)

3.5.3 SRAM Configuration

This section summarizes how the module has been configured in the chip.
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Figure 3-24. SRAM configuration

Table 3-37. Reference links to related information

Topic Related module Reference
Full description SRAM SRAM
System memory map System memory map
Clocking Clock Distribution
Transfers SRAM controller SRAM controller
ARM Cortex-M4 core ARM Cortex-M4 core
Memory protection unit Memory protection unit

3.5.3.1 SRAM sizes

This device contains SRAM The amount of SRAM for the devices covered in this
document is shown in the following table.

Device SRAM (KB)
MK22FX512VLH12 128
MK22FN1MOVLH12 128

3.5.3.2 SRAM Arrays

The on-chip SRAM is split into two equally-sized logical arrays, SRAM_L and
SRAM_U.

The on-chip RAM is implemented such that the SRAM_L and SRAM_U ranges form a
contiguous block in the memory map. As such:

* SRAM_L is anchored to Ox1FFF_FFFF and occupies the space before this ending

address.
* SRAM_U is anchored to 0x2000_0000 and occupies the space after this beginning

address.

Valid address ranges for SRAM_L and SRAM_U are then defined as:
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 SRAM_L = [0x2000_0000—(SRAM_size/2)] to Ox1FFF_FFFF
* SRAM_U = 0x2000_0000 to [0x2000_0000+(SRAM_size/2)-1]

This is illustrated in the following figure.

0x2000_0000 — SRAM_size/2
(a\]
~ A
()
N
@ SRAM_L
=
<
oc
@ Ox1FFF_FFFF
N 0x2000_0000
B
N
@ SRAM_U
=
oc
'y

0x2000_0000 + SRAM_size/2 - 1
Figure 3-25. SRAM blocks memory map
For example, for a device containing 64 KB of SRAM the ranges are:

 SRAM_L: Ox1FFF_8000 — 0x1FFF_FFFF
* SRAM_U: 0x2000_0000 — 0x2000_7FFF

3.5.3.3 SRAM retention in low power modes
The SRAM is retained down to VLLS3 mode.

In VLLS2 the 4 or 16 KB (user option) region of SRAM_U from 0x2000_0000 is
powered. These different regions (or partitions) of SRAM are labeled as follows:

* RAMI: the 4 KB region always powered in VLLS2
* RAM2: the additional 12 KB region optionally powered in VLLS2
* RAM3: the rest of system RAM

In VLLS1 and VLLSO no SRAM is retained; however, the 32-byte register file is
available.

3.5.3.4 SRAM accesses
The SRAM is split into two logical arrays that are 32-bits wide.
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* SRAM_L — Accessible by the code bus of the Cortex-M4 core and by the backdoor

port.

* SRAM_U — Accessible by the system bus of the Cortex-M4 core and by the
backdoor port.

The backdoor port makes the SRAM accessible to the non-core bus masters (such as
DMA).

The following figure illustrates the SRAM accesses within the device.

Cortex-M4 core

Code bus

System bus

Frontdoor

SRAM_L

MPU

SRAM controller

Backdoor

MPU

SRAM_U

Crossbar switch

non-core master

non-core master

non-core master

Figure 3-26. SRAM access diagram

The following simultaneous accesses can be made to different logical regions of the
SRAM:
* Core code and core system
* Core code and non-core master
* Core system and non-core master

NOTE

Two non-core masters cannot access SRAM simultaneously.
The required arbitration and serialization is provided by the
crossbar switch. The SRAM_ {L,U} arbitration is controlled by
the SRAM controller based on the configuration bits in the
MCM module.

NOTE

Burst-access cannot occur across the 0x2000_0000 boundary
that separates the two SRAM arrays. The two arrays should be
treated as separate memory ranges for burst accesses.
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3.5.4 System Register File Configuration

This section summarizes how the module has been configured in the chip.

Peripheral
bridge 0

Register
access

Register file

Figure 3-27. System Register file configuration

Table 3-38. Reference links to related information

Topic Related module Reference
Full description Register file Register file
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.5.4.1 System Register file
This device includes a 32-byte register file that is powered in all power modes.

Also, it retains contents during low-voltage detect (LVD) events and is only reset during
a power-on reset.

3.5.5 VBAT Register File Configuration

This section summarizes how the module has been configured in the chip.
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Peripheral
bridge

Register
access

VBAT register file

Figure 3-28. VBAT Register file configuration

Table 3-39. Reference links to related information

Topic Related module Reference
Full description VBAT register file VBAT register file
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.5.5.1 VBAT register file

This device includes a 32-byte register file that is powered in all power modes and is
powered by VBAT.

It is only reset during VBAT power-on reset.

3.5.6 EzPort Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Transfers Module signals

EzPort

Crossbar switch

Signal multiplexing

Figure 3-29. EzPort configuration

Table 3-40. Reference links to related information

Topic Related module Reference

Full description EzPort EzPort

Table continues on the next page...
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Table 3-40. Reference links to related information (continued)

Topic Related module Reference
System memory map System memory map
Clocking Clock Distribution
Transfers Crossbar switch Crossbar switch
Signal Multiplexing Port control Signal Multiplexing

3.5.6.1 JTAG instruction

The system JTAG controller implements an EZPORT instruction. When executing this
instruction, the JTAG controller resets the core logic and asserts the EzPort chip select
signal to force the processor into EzPort mode.

3.5.6.2 Flash Option Register (FOPT)

The FOPT[EZPORT_DIS] bit can be used to prevent entry into EzPort mode during
reset. If the FOPT[EZPORT_DIS] bit is cleared, then the state of the chip select signal
(EZP_CS) is ignored and the MCU always boots in normal mode.

This option is useful for systems that use the EZP_CS/NMI signal configured for its NMI
function. Disabling EzPort mode prevents possible unwanted entry into EzPort mode if
the external circuit that drives the NMI signal asserts it during reset.

The FOPT register is loaded from the flash option byte. If the flash option byte is
modified the new value takes effect for any subsequent resets, until the value is changed
again.

3.5.7 FlexBus Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-30. FlexBus configuration

Table 3-41. Reference links to related information

Topic Related module Reference
Full description FlexBus FlexBus
System memory map System memory map
Clocking Clock distribution
Power management Power management
Transfers Memory protection unit Memory protection unit (MPU)
(MPU)
Signal multiplexing Port control Signal multiplexing

3.5.7.1 FlexBus clocking

The system provides a dedicated clock source to the FlexBus module's external
CLKOUT. Its clock frequency is derived from a divider of the MCGOUTCLK. See
Clock Distribution for more details.

3.5.7.2 FlexBus signal multiplexing

The multiplexing of the FlexBus address and data signals is controlled by the port control
module. However, the multiplexing of some of the FlexBus control signals are controlled
by the port control and FlexBus modules. The port control module registers control
whether the FlexBus or another module signals are available on the external pin, while
the FlexBus's CSPMCR register configures which FlexBus signals are available from the
module. The control signals are grouped as illustrated:
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Figure 3-31. FlexBus control signal multiplexing
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Security

Therefore, use the CSPMCR and port control registers to configure which control signal
is available on the external pin. All control signals, except for FB_TA, are assigned to the
ALTS function in the port control module. Since, unlike the other control signals, FB_TA
is an input signal, it is assigned to the ALT6 function.

3.5.7.3 FlexBus CSCRO reset value

On this device the CSCRO resets to 0x003F_FCO00. Configure this register as needed
before performing any FlexBus access.

3.5.7.4 FlexBus Security

When security is enabled on the device, FlexBus accesses may be restricted by
configuring the field in the SIM's SOPT2 register. See System Integration Module (SIM)
for details.

3.5.7.5 FlexBus line transfers

Line transfers are not possible from the ARM Cortex-M4 core. Ignore any references to
line transfers in the FlexBus chapter.

3.6 Security

3.6.1 CRC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-32. CRC configuration

Table 3-42. Reference links to related information

Topic Related module Reference
Full description CRC CRC
System memory map System memory map
Power management Power management
3.7 Analog

3.7.1 16-bit SAR ADC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-33. 16-bit SAR ADC configuration

Table 3-43. Reference links to related information

Topic Related module Reference
Full description 16-bit SAR ADC 16-bit SAR ADC

Table continues on the next page...
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Table 3-43. Reference links to related information (continued)
Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.7.1.1 ADC instantiation information

This device contains two ADCs.

3.7.1.1.1 Number of ADC channels

The number of ADC channels present on the device is determined by the pinout of the
specific device package. For details regarding the number of ADC channel available on a
particular package, refer to the signal multiplexing chapter of this MCU.

3.7.1.2 DMA Support on ADC

Applications may require continuous sampling of the ADC (4K samples/sec) that may
have considerable load on the CPU. Though using PDB to trigger ADC may reduce some
CPU load, the ADC supports DMA request functionality for higher performance when
the ADC is sampled at a very high rate or cases where PDB is bypassed. The ADC can
trigger the DMA (via DMA req) on conversion completion.

3.7.1.3 Connections/channel assignment

3.7.1.3.1 ADCO Connections/Channel Assignment

NOTE
As indicated by the following sections, each ADCx_DPx input
and certain ADCx_DMXx inputs may operate as single-ended
ADC channels in single-ended mode.
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3.7.1.3.1.1 ADCO Channel Assignment for 64-Pin Package
ADC Channel Channel Input signal Input signal
(SC1n[ADCH])) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)

00000 DADO ADCO_DP0 and ADCO_DMO0' | ADCO_DP0?

00001 DAD1 Reserved Reserved

00010 DAD2 Reserved Reserved

00011 DAD3 ADCO_DP3 and ADCO_DM33 | ADCO_DP3*

00100° AD4a Reserved Reserved

00101% AD5a Reserved Reserved

00110° AD6a Reserved Reserved

001115 AD7a Reserved Reserved

001005 AD4b Reserved ADCO_SE4b

00101° AD5b Reserved ADCO_SE5b

001105 AD6b Reserved ADCO_SE6b

001115 AD7b Reserved ADCO_SE7b

01000 ADS8 Reserved ADCO_SES8®

01001 AD9 Reserved ADCO_SE9”

01010 AD10 Reserved Reserved

01011 AD11 Reserved Reserved

01100 AD12 Reserved ADCO_SE12

01101 AD13 Reserved ADCO_SE13

01110 AD14 Reserved ADCO_SE14

01111 AD15 Reserved ADCO_SE15

10000 AD16 Reserved Reserved

10001 AD17 Reserved Reserved

10010 AD18 Reserved Reserved

10011 AD19 Reserved ADCO0_DM08

10100 AD20 Reserved Reserved

10101 AD21 Reserved ADCO_DM3

10110 AD22 Reserved Reserved

10111 AD23 Reserved 12-bit DACO Output/
ADCO_SE23

11000 AD24 Reserved Reserved

11001 AD25 Reserved Reserved

11010 AD26 Temperature Sensor (Diff) Temperature Sensor (S.E)

11011 AD27 Bandgap (Diff)° Bandgap (S.E)°®

11100 AD28 Reserved Reserved

11101 AD29 -VREFH (Diff) VREFH (S.E)

11110 AD30 Reserved VREFL

11111 AD31 Module Disabled Module Disabled

1. Interleaved with ADC1_DP3 and ADC1_DM3
2. |Interleaved with ADC1_DP3
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3. Interleaved with ADC1_DPO and ADC1_DMO

4. Interleaved with ADC1_DPO
5. ADCx_CFG2[MUXSEL] bit selects between ADCx_SEn channels a and b. Refer to MUXSEL description in ADC chapter
for details.

©oNOo

Interleaved with ADC1_SES8
Interleaved with ADC1_SE9
Interleaved with ADC1_DM3
This is the PMC bandgap 1V reference voltage not the VREF module 1.2 V reference voltage. Prior to reading from this

ADC channel, ensure that you enable the bandgap buffer by setting the PMC_REGSC[BGBE] bit. Refer to the device data

sheet for the bandgap voltage (Vgg) specification.

3.7.1.4 ADC1 Connections/Channel Assignment

NOTE

As indicated in the following tables, each ADCx_DPx input
and certain ADCx_DMXx inputs may operate as single-ended
ADC channels in single-ended mode.

3.7.1.4.1 ADC1 Channel Assignment for 64-Pin Package
ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]=1) (SC1n[DIFF]= 0)
00000 DADO Reserved Reserved
00001 DAD1 Reserved Reserved
00010 DAD2 Reserved Reserved
00011 DAD3 ADC1_DP3 and ADC1_DM3' | ADC1_DP32
001003 AD4a Reserved ADC1_SE4a
001013 AD5a Reserved ADC1_SEb5a
001108 AD6a Reserved Reserved
001113 AD7a Reserved Reserved
001003 AD4b Reserved ADC1_SE4b
001013 AD5b Reserved ADC1_SE5b
001108 AD6b Reserved ADC1_SE6b
001113 AD7b Reserved ADC1_SE7b
01000 AD8 Reserved ADC1_SE8*
01001 AD9 Reserved ADC1_SE9°
01010 AD10 Reserved Reserved
01011 AD11 Reserved Reserved
01100 AD12 Reserved Reserved
01101 AD13 Reserved Reserved
01110 AD14 Reserved Reserved
01111 AD15 Reserved Reserved
10000 AD16 Reserved Reserved
10001 AD17 Reserved Reserved

Table continues on the next page...

K22 Sub-Family Reference Manual, Rev. 4, November 2014

110

Freescale Semiconductor, Inc.



g |

Chapter 3 Chip Configuration

ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]=1) (SC1n[DIFF]= 0)

10010 AD18 Reserved VREF Output

10011 AD19 Reserved Reserved

10100 AD20 Reserved Reserved

10101 AD21 Reserved Reserved

10110 AD22 Reserved Reserved

10111 AD23 Reserved Reserved

11000 AD24 Reserved Reserved

11001 AD25 Reserved Reserved

11010 AD26 Temperature Sensor (Diff) Temperature Sensor (S.E)

11011 AD27 Bandgap (Diff)® Bandgap (S.E)®

11100 AD28 Reserved Reserved

11101 AD29 -VREFH (Diff) VREFH (S.E)

11110 AD30 Reserved VREFL

11111 AD31 Module Disabled Module Disabled

1. Interleaved with ADCO_DPO
2. |Interleaved with ADCO_DPO

and ADC0O_DMO

3. ADCx_CFG2[MUXSEL] bit selects between ADCx_SEn channels a and b. Refer to MUXSEL description in ADC chapter

for details.
4. Interleaved with ADCO_SES8
5. Interleaved with ADCO_SE9

6. This is the PMC bandgap 1V reference voltage not the VREF module 1.2 V reference voltage. Prior to reading from this
ADC channel, ensure that you enable the bandgap buffer by setting the PMC_REGSC[BGBE] bit. Refer to the device data
sheet for the bandgap voltage (Vgg) specification.

3.7.1.5 ADC Channels MUX Selection

The following figure shows the assignment of ADCx_SEn channels a and b through a
MUX selection to ADC. To select between alternate set of channels, refer to
ADCx_CFG2[MUXSEL] bit settings for more details.

ADCx_SE4ac——/
ADCx_SE5al—
ADCx_SE6al——
ADCx_SE7a——

ADA[00100)

AD5 [o0101]

ADC
AD6 [00110]

ADCx_SE4bd
ADCx_SE5bO——
ADCx_SE6b O———
ADCx_SE7b ——

AD7 [00111]

Figure 3-34. ADCx_SEn channels a and b selection
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3.7.1.6 ADC Hardware Interleaved Channels

The AD8 and AD9 channels on ADCx are interleaved in hardware using the following
configuration.

ADCO_SE8/ADC1_SES8 ADCO
» > ADS

ADCO_SE9/ADC1_SE9 AD9

____________ ADCA1
™| ADs

——————————— > AD9

Figure 3-35. ADC hardware interleaved channels integration

3.7.1.7 ADC Reference Options
The ADC supports the following references:

 VREFH/VREFL - connected as the primary reference option
* 1.2 V VREF_OUT - connected as the V 5; 1 reference option

ADCx_SC2[REFSEL] bit selects the voltage reference sources for ADC. Refer to
REFSEL description in ADC chapter for more details.

K22 Sub-Family Reference Manual, Rev. 4, November 2014

112 Freescale Semiconductor, Inc.



Chapter 3 Chip Configuration

3.7.1.8 ADC triggers

The ADC supports both software and hardware triggers. The primary hardware
mechanism for triggering the ADC is the PDB. The PDB itself can be triggered by other
peripherals. For example: RTC (Alarm, Seconds) signal is connected to the PDB. The
PDB trigger can receive the RTC (alarm/seconds) trigger input forcing ADC conversions
in run mode (where PDB is enabled). On the other hand, the ADC can conduct
conversions in low power modes, not triggered by PDB. This allows the ADC to do
conversions in low power mode and store the output in the result register. The ADC
generates interrupt when the data is ready in the result register that wakes the system
from low power mode. The PDB can also be bypassed by using the ADCxTRGSEL bits
in the SOPT7 register.

For operation of triggers in different modes, refer to Power Management chapter.

3.7.1.9 Alternate clock
For this device, the alternate clock is connected to OSCERCLK.

NOTE
This clock option is only usable when OSCERCLK is in the
MHz range. A system with OSCERCLK in the kHz range has
the optional clock source below minimum ADC clock operating
frequency.

3.7.1.10 ADC low-power modes

This table shows the ADC low-power modes and the corresponding chip low-power
modes.

Table 3-44. ADC low-power modes

Module mode Chip mode
Wait Wait, VLPW
Normal Stop Stop, VLPS
Low Power Stop LLS, VLLS3, VLLS2, VLLS1, VLLSO
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3.7.2 CMP Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0

Register
access

Other peripherals

Module signals

CMP

Signal multiplexing

Figure 3-36. CMP configuration

Table 3-45. Reference links to related information

Topic Related module Reference
Full description Comparator (CMP) Comparator
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.7.2.1 CMP input connections

The following table shows the fixed internal connections to the CMP.

CMP Inputs CMPO CMP1 CMP2

INO CMPO_INO CMP1_INO CMP2_INO

IN1 CMPO_IN1 CMP1_IN1 CMP2_IN1

IN2 CMPO_IN2 CMP1_IN2 CMP2_IN2

IN3 CMPO_IN3 12-bit DACO_OUT/ CMP2_IN3
CMP1_IN3

IN4 CMPO_IN4 — —

IN5 VREF output/CMPO_IN5 VREF output/CMP1_IN5 —

IN6 Bandgap Bandgap Bandgap

IN7 6b DACO reference 6b DAC1 reference 6b DAC2 reference
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3.7.2.2 CMP external references

The 6-bit DAC sub-block supports selection of two references. For this device, the
references are connected as follows:

* VREF_OUT - V;; input
e VDD - Vin2 input

3.7.2.3 External window/sample input

Individual PDB pulse-out signals control each CMP Sample/Window timing.

3.7.3 12-bit DAC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus
controller 0
Register
access

(o))
£
3
Transfers . Module signals | &
Other peripherals 12-bit DAC g
®
c
2
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Figure 3-37. 12-bit DAC configuration

Table 3-46. Reference links to related information

Topic Related module Reference
Full description 12-bit DAC 12-bit DAC
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.7.3.1 12-bit DAC Overview

This device contains one 12-bit digital-to-analog converter (DAC) with programmable
reference generator output. The DAC includes a FIFO for DMA support.
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3.7.3.2 12-bit DAC Output

The output of the DAC can be placed on an external pin or set as one of the inputs to the
analog comparator or ADC.

3.7.3.3 12-bit DAC Reference

For this device VREF_OUT and VDDA are selectable as the DAC reference.
VREF_OUT is connected to the DACREF_1 input and VDDA is connected to the
DACREEF_2 input. Use DACx_CO[DACREFS] control bit to select between these two
options.

Be aware that if the DAC and ADC use the VREF_OUT reference simultaneously, some
degradation of ADC accuracy is to be expected due to DAC switching.

3.7.3.4 DACO Base Addresses

DACO can be accessed through both AIPSO and AIPS1. When accessed through AIPSO,
the base address is 4003_F000h and when accessed through AIPS1, the base address is
400C_CO000h.

3.7.4 VREF Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-38. VREF configuration

Table 3-47. Reference links to related information

Topic Related module Reference
Full description VREF VREF
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.7.4.1 VREF Overview

This device includes a voltage reference (VREF) to supply an accurate 1.2 V voltage
output.

The voltage reference can provide a reference voltage to external peripherals or a
reference to analog peripherals, such as the ADC, DAC, or CMP.

NOTE
PMC_REGSC[BGEN] bit must be set if the VREF regulator is
required to remain operating in VLPx modes.

NOTE
For either an internal or external reference if the VREF_OUT
functionality is being used, VREF_OUT signal must be
connected to an output load capacitor. Refer the device data
sheet for more details.

3.8 Timers
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3.8.1 PDB Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus

controller 0
Register
access

(o))
£
3
Transfers Module signals | &
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©
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Figure 3-39. PDB configuration

Table 3-48. Reference links to related information

Topic Related module Reference
Full description PDB PDB
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.8.1.1 PDB Instantiation

3.8.1.1.1 PDB Output Triggers
Table 3-49. PDB output triggers

Number of PDB channels for ADC trigger

Number of PDB channels to inter-connect with FTMO

Number of pre-triggers per PDB channel

Number of DAC triggers

W= N| =[N

Number of PulseOut
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3.8.1.1.2 PDB Input Trigger Connections
Table 3-50. PDB Input Trigger Options

PDB Trigger PDB Input
0000 External Trigger
0001 CMP 0
0010 CMP 1
0011 CMP 2
0100 PIT Ch 0 Output
0101 PIT Ch 1 Output
0110 PIT Ch 2 Output
0111 PIT Ch 3 Output
1000 FTMO initialization trigger and channel triggers, as
programmed in the FTM external trigger register (EXTTRIG)
1001 FTM1 initialization trigger and channel triggers, as
programmed in the FTM external trigger register (EXTTRIG)
1010 FTM2 initialization trigger and channel triggers, as
programmed in the FTM external trigger register (EXTTRIG)
1011 FTM3 initialization trigger and channel triggers, as
programmed in the FTM external trigger register (EXTTRIG)
1100 RTC Alarm
1101 RTC Seconds
1110 LPTMR Output
1111 Software Trigger
3.8.1.2 PDB Module Interconnections
PDB trigger outputs Connection
Channel 0 triggers ADCO trigger
Channel 1 triggers ADC1 trigger and synchronous input 1 of FTMO
DAC triggers DACO trigger
Pulse-out Pulse-out connected to each CMP module's sample/window

input to control sample operation

3.8.1.3 Back-to-back acknowledgement connections

In this MCU, PDB back-to-back operation acknowledgment connections are
implemented as follows:

* PDB channel 0 pre-trigger 0 acknowledgement input: ADCISC1B_COCO
* PDB channel 0O pre-trigger 1 acknowledgement input: ADCOSC1A_COCO
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e PDB channel 1 pre-trigger 0 acknowledgement input: ADCOSC1B_COCO
* PDB channel 1 pre-trigger 1 acknowledgement input: ADC1SC1A_COCO

So, the back-to-back chain is connected as a ring:

Channel 0
pre-trigger O
Channel 1 Channel 0
pre-trigger 1 pre-trigger 1
Channel 1
pre-trigger O

Figure 3-40. PDB back-to-back chain

The application code can set the PDBx_CHnC1[BB] bits to configure the PDB pre-
triggers as a single chain or several chains.

3.8.1.4 PDB Interval Trigger Connections to DAC
In this MCU, PDB interval trigger connections to DAC are implemented as follows.

* PDB interval trigger 0 connects to DACO hardware trigger input.

3.8.1.5 DAC External Trigger Input Connections

In this MCU, the following DAC external trigger inputs are implemented.
* DAC external trigger input 0: ADCOSC1A_COCO
* DAC external trigger input 1: ADCISC1A_COCO

NOTE
Application code can set the PDBx_DACINTCn[EXT] bit to
allow DAC external trigger input when the corresponding ADC
Conversion complete flag, ADCx_SCIn[COCO], is set.
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3.8.1.6 Pulse-Out Connection

Individual PDB Pulse-Out signals are connected to each CMP block and used for sample
window.

3.8.1.7 Pulse-Out Enable Register Implementation

The following table shows the comparison of pulse-out enable register at the module and
chip level.

Table 3-51. PDB pulse-out enable register

Register Module implementation Chip implementation
PONnEN 7:0 - POEN 0 - POENIO] for CMPO
31:8 - Reserved 1 - POEN][1] for CMP1

2 - POEN][2] for CMP2
31:3 - Reserved

3.8.2 FlexTimer Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-41. FlexTimer configuration

Table 3-52. Reference links to related information

Topic Related module Reference
Full description FlexTimer FlexTimer
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing
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3.8.2.1 Instantiation Information
This device contains four FlexTimer modules.

The following table shows how these modules are configured.

Table 3-53. FTM Instantiations

FTM instance Number of channels Features/usage
FTMO 8 3-phase motor + 2 general purpose or
stepper motor
FTMA1 21 Quadrature decoder or general purpose
FTM2 21 Quadrature decoder or general purpose
FTM3 8 3-phase motor + 2 general purpose or

stepper motor

1. Only channels 0 and 1 are available.

Compared with the FTMO and FTM3 configuration, the FTM1 and FTM2 configuration
adds the Quadrature decoder feature and reduces the number of channels.

3.8.2.2 External Clock Options

By default each FTM is clocked by the internal bus clock (the FTM refers to it as system
clock). Each module contains a register setting that allows the module to be clocked from
an external clock instead. There are two external FTM_CLKINX pins that can be selected
by any FTM module via the SOPT4 register in the SIM module.

3.8.2.3 Fixed frequency clock
The fixed frequency clock for each FTM is MCGFFCLK.

3.8.2.4 FTM Interrupts

The FlexTimer has multiple sources of interrupt. However, these sources are OR'd
together to generate a single interrupt request per FTM module to the interrupt controller.
When an FTM interrupt occurs, read the FTM status registers (FMS, SC, and STATUS)
to determine the exact interrupt source.
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3.8.2.5 FTM Fault Detection Inputs

The following fault detection input options for the FTM modules are selected via the
SOPT4 register in the SIM module. The external pin option is selected by default.

* FTMO FAULTO = FTMO_FLTO pin or CMPO output
* FTMO FAULTI1 = FTMO_FLT1 pin or CMP1 output
 FTMO FAULT2 = FTMO_FLT?2 pin or CMP2 output
 FTMO FAULT3 = FTMO_FLT?3 pin

« FTM1 FAULTO = FTM1_FLTO pin or CMPO output
e FTM1 FAULTI1 = CMPI1 output
« FTM1 FAULT?2 = CMP2 output

 FTM2 FAULTO = FTM2_FLTO pin or CMPO output
« FTM2 FAULT1 = CMPI output
 FTM2 FAULT?2 = CMP2 output

* FTM3 FAULTO = FTM3_FLTO pin or CMPO output
 FTM3 FAULTI = CMP2 output

3.8.2.6 FTM Hardware Triggers

The FTM synchronization hardware triggers are connected in the chip as follows:

e FTMO hardware trigger 0 = CMPO Output or FTM1 Match (when enabled in the
FTM1 External Trigger (EXTTRIG) register)

e FTMO hardware trigger 1 = PDB channel 1 Trigger Output or FTM2 Match (when
enabled in the FTM2 External Trigger (EXTTRIG) register)

e FTMO hardware trigger 2 = FTMO_FLTO pin

* FTM1 hardware trigger 0 = CMPO Output
* FTM1 hardware trigger | = CMP1 Output
e FTM1 hardware trigger 2 = FTM1_FLTO pin

* FTM2 hardware trigger 0 = CMPO Output
e FTM2 hardware trigger | = CMP2 Output
e FTM2 hardware trigger 2 = FTM2_FLTO pin

e FTM3 hardware trigger 0 = FTM1 Match (when enabled in the FTM1 External
Trigger (EXTTRIG) register)

e FTM3 hardware trigger 1 = FTM2 Match (when enabled in the FTM?2 External
Trigger (EXTTRIG) register)

e FTM3 hardware trigger 2 = FTM3_FLTO pin
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For the triggers with more than one option, the SOPT4 register in the SIM module
controls the selection.

3.8.2.7 Input capture options for FTM module instances

The following channel 0 input capture source options are selected via the SOPT4 register
in the SIM module. The external pin option is selected by default.

* FTMI channel O input capture = FTM1_CHO pin or CMPO output or CMP1 output
or USB start of frame pulse
* FTM2 channel O input capture = FTM2_CHO pin or CMPO output or CMP1 output

NOTE
When the USB start of frame pulse option is selected as an
FTM channel input capture, disable the USB SOF token
interrupt in the USB Interrupt Enable register
(INTEN[SOFTOKEN])) to avoid USB enumeration conflicts.

3.8.2.8 FTM output triggers for other modules

FTM output triggers can be selected as input triggers for the PDB and ADC modules. See
PDB Instantiation and ADC triggers.

3.8.2.9 FTM Global Time Base

This chip provides the optional FTM global time base feature (see Global time base
(GTB)).

FTMO provides the only source for the FTM global time base. The other FTM modules
can share the time base as shown in the following figure:
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FTMA

CONF Register

GTBEOUT =0
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Figure 3-42. FTM Global Time Base Configuration

3.8.2.10 FTM BDM and debug halt mode

In the FTM chapter, references to the chip being in "BDM" are the same as the chip being
in “debug halt mode".

3.8.2.11 FTM2 Base Addresses

FTM2 can be accessed through both AIPSO and AIPS1. When accessed through AIPSO,
the base address is 4003_A000h and when accessed through AIPS1, the base address is
400B_8000h.

3.8.3 PIT Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-43. PIT configuration

Table 3-54. Reference links to related information

Topic Related module Reference
Full description PIT PIT
System memory map System memory map
Clocking Clock Distribution
Power management Power management

3.8.3.1 PIT/DMA Periodic Trigger Assignments

The PIT generates periodic trigger events to the DMA Mux as shown in the table below.
Table 3-55. PIT channel assignments for periodic DMA triggering

DMA Channel Number PIT Channel
DMA Channel 0 PIT Channel 0
DMA Channel 1 PIT Channel 1
DMA Channel 2 PIT Channel 2
DMA Channel 3 PIT Channel 3

3.8.3.2 PIT/ADC Triggers

PIT triggers are selected as ADCx trigger sources using the SOPT7[ADCxTRGSEL] bits
in the SIM module. For more details, refer to SIM chapter.

3.8.4 Low-power timer configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-44. LPTMR configuration

Table 3-56. Reference links to related information

Topic Related module Reference
Full description Low-power timer Low-power timer
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal Multiplexing Port control Signal Multiplexing

3.8.4.1 LPTMR prescaler/glitch filter clocking options

The prescaler and glitch filter of the LPTMR module can be clocked from one of four
sources determined by the LPTMRO_PSR[PCS] bitfield. The following table shows the
chip-specific clock assignments for this bitfield.

NOTE
The chosen clock must remain enabled if the LPTMR is to
continue operating in all required low-power modes.

LPTMRO_PSR[PCS] Prescaler/glitch filter clock Chip clock
number

00 0 MCGIRCLK — internal reference clock
(not available in VLPS/LLS/VLLS
modes)

01 1 LPO — 1 kHz clock (not available in
VLLSO0 mode)

10 2 ERCLK32K — secondary external
reference clock

11 3 OSCERCLK — external reference clock
(not available in VLLSO mode)

See Clock Distribution for more details on these clocks.
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3.8.4.2 LPTMR pulse counter input options

The LPTMR_CSR[TPS] bitfield configures the input source used in pulse counter mode.
The following table shows the chip-specific input assignments for this bitfield.

LPTMR_CSR[TPS] Pulse counter input number Chip input

00 0 CMPO output

01 1 LPTMR_ALT1 pin
10 2 LPTMR_ALT2 pin
11 3 Reserved

3.8.5 CMT Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus
controller 0

Register
access

Module signals

CMT

Signal multiplexing

Figure 3-45. CMT configuration

Table 3-57. Reference links to related information

Topic Related module Reference
Full description Carrier modulator CMT
transmitter (CMT)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.8.5.1 Instantiation Information
This device contains one CMT module.
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3.8.5.2 IRO Drive Strength

The IRO pad requires higher current drive than can be obtained from a single pad. For
this device, the pin associated with the CMT_IRO signal is doubled bonded to two pads.

The SOPT2[PTD7PAD] field in SIM module can be used to configure the pin associated
with the CMT_IRO signal as a higher current output port pin.

3.8.6 RTC configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
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Register
access

Module signals

Real-time clock

Signal multiplexing

Figure 3-46. RTC configuration

Table 3-58. Reference links to related information

Topic Related module Reference
Full description RTC RTC
System memory map System memory map
Clocking Clock Distribution
Power management Power management

3.8.6.1 RTC_CLKOUT signal

When the RTC is enabled and the port control module selects the RTC_CLKOUT
function, the RTC_CLKOUT signal outputs a 1 Hz or 32 kHz output derived from RTC
oscillator as shown below.

K22 Sub-Family Reference Manual, Rev. 4, November 2014

Freescale Semiconductor, Inc. 129



vummunication interfaces

RTC_CR[CLKO]
RTC 32kHz clock oJ’c

—> RTC_CLKOUT

RTC 1Hz clock ————

/1

SIM_SOPT2[RTCCLKOUTSEL]
Figure 3-47. RTC_CLKOUT generation

3.9 Communication interfaces

3.9.1 Universal Serial Bus (USB) FS Subsystem

The USB FS subsystem includes these components:

* Dual-role USB OTG-capable (On-The-Go) controller that supports a full-speed (FS)
device or FS/LS host. The module complies with the USB 2.0 specification.

» USB transceiver that includes internal 15 kQ pulldowns on the D+ and D- lines for
host mode functionality.

* A 3.3 V regulator.

» USB device charger detection module.

* VBUS detect signal: To detect a valid VBUS in device mode, use a GPIO signal that
can wake the chip in all power modes.

USB controller

USB voltage FS/LS Device charger
regulator transceiver detect

Ml e e
VREGIN  VOUT33 D+ D-

Figure 3-48. USB Subsystem Overview
NOTE

Use the following code sequence to select USB clock source,
USB clock divide ratio, and enable its clock gate to avoid
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potential clock glitches which may result in USB enumeration
stage failure.
1. Select the USB clock source by configuring SIM_SOPT?2.
2. Select the desired clock divide ratio by configuring
SIM_CLKDIV2.
3. Enable USB clock gate by setting SIM_SCGC4.

3.9.1.1 USB Wakeup

When the USB detects that there is no activity on the USB bus for more than 3 ms, the
INT_STAT[SLEEP] bit is set. This bit can cause an interrupt and software decides the
appropriate action.

Waking from a low power mode (except in LLS/VLLS mode where USB is not powered)
occurs through an asynchronous interrupt triggered by activity on the USB bus. Setting
the USBTRCO[USBRESMEN] bit enables this function.

3.9.1.2 USB Power Distribution

This chip includes an internal 5 V to 3.3 V USB regulator that powers the USB
transceiver or the MCU (depending on the application).

3.9.1.2.1 AA/AAA cells power supply

The chip can be powered by two AA/AAA cells. In this case, the MCU is powered
through VDD which is within the 1.8 to 3.0 V range. After USB cable insertion is
detected, the USB regulator is enabled to power the USB transceiver.
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2 AA Cells VDD
_______ To PMC and Pads
VOUT33
%4
Cstab L
l Chip
TYPE A
VBUS VREGIN X UsB
— L Regulator
— D+ . USB0_DP |
_ T USB USB
D- — USBO0_DM XCVR | |Controller
—
—

Figure 3-49. USB regulator AA cell usecase

3.9.1.2.2 Li-lon battery power supply

The chip can also be powered by a single Li-ion battery. In this case, VOUT33 is
connected to VDD. The USB regulator must be enabled by default to power the MCU.
When connected to a USB host, the input source of this regulator is switched to the USB
bus supply from the Li-ion battery. To charge the battery, the MCU can configure the
battery charger according to the charger detection information.
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777777777777 To PMC and Pads

Cstab
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= B USB | USB
= p. - XCVR| |Controller
=
= |VSS -ﬂ, Sense

Figure 3-50. USB regulator Li-ion usecase

3.9.1.2.3 USB bus power supply

The chip can also be powered by the USB bus directly. In this case, VOUT33 is
connected to VDD. The USB regulator must be enabled by default to power the MCU,
then to power USB transceiver or external sensor.

VDD
—————————————— To PMC and Pads
VOUT33
Cstab 2
L
= Chip
TYPE A
VBUS VREGIN’S@ USB
= £ Regulator
] D+ USBO0_DP -
- 1 XCVR UsSB
D- T USBO_DM USB | |Controller
—
[ ]

Figure 3-51. USB regulator bus supply

3.9.1.3 USB power management
The regulator should be put into STANDBY mode whenever the chip is in Stop mode.
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3.9.1.4 USB controller configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge 0

Register
access

Transfers Module signals

USB controller

Crossbar switch

Signal multiplexing

Figure 3-52. USB controller configuration

Table 3-59. Reference links to related information

Topic Related module Reference
Full description USB controller USB controller
System memory map System memory map
Clocking Clock Distribution
Transfers Crossbar switch Crossbar switch
Signal Multiplexing Port control Signal Multiplexing
NOTE

When USB is not used in the application, it is recommended

that the USB regulator VREGIN and VOUT33 pins remain
floating.

3.9.1.5 USB DCD Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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USB Device Charger
Detect

Figure 3-53. USB DCD configuration

Table 3-60. Reference links to related information

Topic

Related module

Reference

Full description

USB DCD

uUSB DCD

System memory map

System memory map

Clocking

Clock Distribution

USB FSI/LS controller

USB FS/LS controller

3.9.1.6 USB Voltage Regulator Configuration

This section summarizes how the module has been configured in the chip. For a

comprehensive description of the module itself, see the module’s dedicated chapter.

USB OTG

USB Voltage
Regulator

Module signals

Signal multiplexing

Figure 3-54. USB Voltage Regulator configuration

Table 3-61.

Reference links to related information

Topic

Related module

Reference

Full description

USB Voltage Regulator

USB Voltage Regulator

System memory map

System memory map

Clocking

Clock Distribution

USB controller

USB controller

Signal Multiplexing

Port control

Signal Multiplexing
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NOTE
When USB is not used in the application, it is recommended
that the USB regulator VREGIN and VOUT33 pins remain
floating.

3.9.2 CAN Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Module signals

FlexCAN

Signal multiplexing

Figure 3-55. CAN configuration

Table 3-62. Reference links to related information

Topic Related module Reference
Full description CAN CAN
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal Multiplexing Port control Signal Multiplexing

3.9.2.1 Reset value of MDIS bit

The CAN_MCR[MDIS] bit is set after reset. Therefore, FlexCAN module is disabled
following a reset.

3.9.2.2 Number of message buffers

Each FlexCAN module contains 16 message buffers. Each message buffer is 16 bytes.
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3.9.2.3 FlexCAN Clocking

3.9.2.3.1 Clocking Options

CAN_CTRLI[CLKSRC] register bit selects between clocking the FlexCAN from the
internal bus clock or the input clock (OSCERCLK).

3.9.2.3.2 Clock Gating

The clock to each CAN module can be gated on and off using the SCGCn[CANXx] bits.
These bits are cleared after any reset, which disables the clock to the corresponding
module. The appropriate clock enable bit should be set by software at the beginning of
the FlexCAN initialization routine to enable the module clock before attempting to
initialize any of the FlexCAN registers.

3.9.2.4 FlexCAN Interrupts

The FlexCAN has multiple sources of interrupt requests. However, some of these sources
are OR'd together to generate a single interrupt request. See below for the mapping of the
individual interrupt sources to the interrupt request:

Request Sources
Message buffer Message buffers 0-15
Bus off Bus off
Error Bit1 error
BitO error

Acknowledge error

Cyclic redundancy check (CRC) error
Form error

Stuffing error

Transmit error warning

Receive error warning

Transmit Warning Transmit Warning
Receive Warning Receive Warning
Wake-up Wake-up
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3.9.2.5 FlexCAN Operation in Low Power Modes

The FlexCAN module is operational in VLPR and VLPW modes. With the 2 MHz bus
clock, the fastest supported FlexCAN transfer rate is 256 kbps. With the 4 MHz bus
clock, the fastest supported FlexCAN transfer rate is 512 kbps.The bit timing parameters
in the module must be adjusted for the new frequency, but full functionality is possible.

The FlexCAN module can be configured to generate a wakeup interrupt in STOP and
VLPS modes. When the FlexCAN is configured to generate a wakeup, a recessive to
dominant transition on the CAN bus generates an interrupt.

3.9.2.6 FlexCAN Doze Mode

The Doze mode for the FlexCAN module is the same as the Wait and VLPW modes for
the chip.

3.9.3 SPI configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Module signals

SPI

Signal multiplexing

Figure 3-56. SPI configuration

Table 3-63. Reference links to related information

Topic Related module Reference
Full description SPI SPI
System memory map System memory map
Clocking Clock Distribution
Signal Multiplexing Port control Signal Multiplexing
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3.9.3.1 SPI Modules Configuration

This device contains one SPI module .

3.9.3.2 SPI clocking

The SPI module is clocked by the internal bus clock (the DSPI refers to it as system
clock). The module has an internal divider, with a minimum divide is two. So, the SPI
can run at a maximum frequency of bus clock/2.

3.9.3.3 Number of CTARs

SPI CTAR registers define different transfer attribute configurations. The SPI module
supports up to eight CTAR registers. This device supports two CTARs on all instances of
the SPI.

In master mode, the CTAR registers define combinations of transfer attributes, such as
frame size, clock phase, clock polarity, data bit ordering, baud rate, and various delays. In
slave mode only CTARO is used, and a subset of its bitfields sets the slave transfer
attributes.

3.9.3.4 TXFIFO size
Table 3-64. SPI transmit FIFO size

SPI Module Transmit FIFO size
SPIO 4

3.9.3.5 RXFIFO Size
SPI supports up to 16-bit frame size during reception.

Table 3-65. SPI receive FIFO size

SPI Module Receive FIFO size
SPIO 4
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3.9.3.6 Number of PCS signals

The following table shows the number of peripheral chip select signals available per SPI
module.

Table 3-66. SPI PCS signals

SPI Module PCS Signals
SPIO

3.9.3.7 SPI Operation in Low Power Modes

In VLPR and VLPW modes the SPI is functional; however, the reduced system
frequency also reduces the max frequency of operation for the SPI. In VLPR and VLPW
modes the max SPI_CLK frequency is 2MHz.

In stop and VLPS modes, the clocks to the SPI module are disabled. The module is not
functional, but it is powered so that it retains state.

There is one way to wake from stop mode via the SPI, which is explained in the
following section.

3.9.3.7.1 Using GPIO Interrupt to Wake from stop mode

Here are the steps to use a GPIO to create a wakeup upon reception of SPI data in slave
mode:

1. Point the GPIO interrupt vector to the desired interrupt handler.

2. Enable the GPIO input to generate an interrupt on either the rising or falling edge
(depending on the polarity of the chip select signal).

3. Enter Stop or VLPS mode and Wait for the GPIO interrupt.

NOTE
It is likely that in using this approach the first word of data from
the SPI host might not be received correctly. This is dependent
on the transfer rate used for the SPI, the delay between chip
select assertion and presentation of data, and the system
interrupt latency.
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3.9.3.8 SPI Doze Mode

The Doze mode for the SPI module is the same as the Wait and VLPW modes for the
chip.

3.9.3.9 SPI Interrupts

The SPI has multiple sources of interrupt requests. However, these sources are OR'd
together to generate a single interrupt request to the interrupt controller. When an SPI
interrupt occurs, read the SPI_SR to determine the exact interrupt source.

3.9.3.10 SPI clocks
This table shows the SPI module clocks and the corresponding chip clocks.

Table 3-67. SPI clock connections

Module clock Chip clock

System Clock Bus Clock

3.9.3.11 Writing SPI Transmit FIFO

In Master mode, only 32-bit write accesses are supported for the PUSHR register, the top
TX FIFO entry. In Slave mode, 8-bit, 16-bit and 32-bit write accesses are supported for
the PUSHR register, although each write increments the write pointer.

3.9.4 12C Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

NOTE
The Open Drain mode on SDA, SCL pins has to be enabled by
setting PORTx_PCRn[ODE] bits.
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Figure 3-57. 12C configuration

Table 3-68. Reference links to related information

Topic Related module Reference
Full description 12C 12C
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal Multiplexing Port control Signal Multiplexing

3.9.4.1 Number of 12C modules

This device has three I?C modules.

3.9.5 UART Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-58. UART configuration

Table 3-69. Reference links to related information

Topic Related module Reference
Full description UART UART
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal Multiplexing Port control Signal Multiplexing

3.9.5.1 UART configuration information

This device contains three UART modules. This section describes how each module is
configured on this device.

1. Standard features of all UARTS:
* RS-485 support
e Hardware flow control (RTS/CTY)
* 9-bit UART to support address mark with parity
* MSB/LSB configuration on data
2. UARTO and UART1 are clocked from the core clock, the remaining UARTS are
clocked on the bus clock. The maximum baud rate is 1/16 of related source clock
frequency.
IrDA is available on all UARTS
UARTO contains the standard features plus ISO7816
. AMR support on all UARTSs. The pin control and interrupts (PORT) module supports
open-drain for all I/0.
6. UARTO and UARTT contain 8-entry transmit and 8-entry receive FIFOs
All other UARTS contain a 1-entry transmit and receive FIFOs

TS

~
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3.9.5.2 UART wakeup

The UART can be configured to generate an interrupt/wakeup on the first active edge that
it receives.

3.9.5.3 UART interrupts

The UART has multiple sources of interrupt requests. However, some of these sources
are OR'd together to generate a single interrupt request. See below for the mapping of the
individual interrupt sources to the interrupt request:

The status interrupt combines the following interrupt sources:

Source UART 0 UART 1 UART 2
Transmit data empty X X X
Transmit complete X X X

Idle line X X X
Receive data full X X X

LIN break detect X X X

RxD pin active edge X X X

Initial character detect X — —

The error interrupt combines the following interrupt sources:

Source UART O UART 1 UART 2
Receiver overrun X X X
Noise flag X X X
Framing error X X X
Parity error X X X
Transmitter buffer overflow X X X
Receiver buffer overflow X X X
Receiver buffer underflow X X X
Transmit threshold (ISO7816) | x — —
Receiver threshold (ISO7816) | x — —
Wait timer (ISO7816) X — —
Character wait timer X — —
(1S07816)

Block wait timer (1ISO7816) X — —
Guard time violation X — —
(1S07816)
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3.9.6 IS configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Module signals

1°S

Signal multiplexing

Figure 3-59. I?S configuration

Table 3-70. Reference links to related information

Topic Related module Reference
Full description 12S 12S
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal multiplexing Port control Signal Multiplexing

3.9.6.1 Instantiation information
This device contains one I2S module.

As configured on the device, module features include:
e TX data lines: 2
e RX data lines: 2
e FIFO size (words): 8
* Maximum words per frame: 32
e Maximum bit clock divider: 512

3.9.6.2 I2S/SAl clocking
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3.9.6.2.1 Audio Master Clock

The audio master clock (MCLK) is used to generate the bit clock when the receiver or
transmitter is configured for an internally generated bit clock. The audio master clock can
also be output to or input from a pin. The transmitter and receiver have the same audio
master clock inputs.

3.9.6.2.2 Bit Clock

The I°S/SAI transmitter and receiver support asynchronous bit clocks (BCLKs) that can
be generated internally from the audio master clock or supplied externally. The module
also supports the option for synchronous operation between the receiver and transmitter
product.

3.9.6.2.3 Bus Clock

The bus clock is used by the control registers and to generate synchronous interrupts and
DMA requests.

3.9.6.2.4 [I2S/SAI clock generation

Each SAI peripheral can control the input clock selection, pin direction and divide ratio
of one audio master clock.

The MCLK Input Clock Select bit of the MCLK Control Register (MCR[MICS]) selects
the clock input to the I2S/SAI module’s MCLK divider.

The module's MCLK Divide Register (MDR) configures the MCLK divide ratio.

The module's MCLK Output Enable bit of the MCLK Control Register (MCR[MOE))
controls the direction of the MCLK pin. The pin is the input from the pin when MOE is 0,
and the pin is the output from the clock divider when MOE is 1.

The transmitter and receiver can independently select between the bus clock and the
audio master clock to generate the bit clock. Each module's Clocking Mode field of the
Transmit Configuration 2 Register and Receive Configuration 2 Register (TCR2[MSEL]
and RCR2[MSEL)) selects the master clock.
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3.9.6.2.5 Clock gating and I2S/SAl initialization

The clock to the I?’S/SAI module can be gated using a bit in the SIM. To minimize power
consumption, these bits are cleared after any reset, which disables the clock to the
corresponding module. The clock enable bit should be set by software at the beginning of
the module initialization routine to enable the module clock before initialization of any of
the 12S/SAI registers.

3.9.6.3 I2S/SAl operation in low power modes

3.9.6.3.1 Stop and very low power modes

In Stop mode, the SAI transmitter and/or receiver can continue operating provided the
appropriate Stop Enable bit is set (TCSR[STOPE] and/or RCSR[STOPE], respectively),
and provided the transmitter and/or receiver is/are using an externally generated bit clock
or an Audio Master Clock that remains operating in Stop mode. The SAI transmitter and/
or receiver can generate an asynchronous interrupt to wake the CPU from Stop mode.

In VLPS mode, the module behaves as it does in stop mode if VLPS mode is entered
from run mode. However, if VLPS mode is entered from VLPR mode, the FIFO might
underflow or overflow before wakeup from stop mode due to the limits in bus bandwidth.
In VLPW and VLPR modes, the module is limited by the maximum bus clock
frequencies.

When operating from an internally generated bit clock or Audio Master Clock that is
disabled in stop modes:

In Stop mode, if the Transmitter Stop Enable (TCSR[STOPE)) bit is clear, the transmitter
is disabled after completing the current transmit frame, and, if the Receiver Stop Enable
(RCSR[STOPE]) bit is clear, the receiver is disabled after completing the current receive
frame. Entry into Stop mode is prevented—not acknowledged—while waiting for the
transmitter and receiver to be disabled at the end of the current frame.

3.9.6.3.2 Low-leakage modes

When entering low-leakage modes, the Stop Enable (TCSR[STOPE] and
RCSR[STOPE)) bits are ignored and the SAI is disabled after completing the current
transmit and receive Frames. Entry into stop mode is prevented (not acknowledged)
while waiting for the transmitter and receiver to be disabled at the end of the current
frame.
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3.10 Human-machine interfaces

3.10.1 GPIO configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral
bridge

Register
access

Transfers Module signals

GPIO controller

Crossbar switch

Signal multiplexing

Figure 3-60. GPIO configuration

Table 3-71. Reference links to related information

Topic Related module Reference
Full description GPIO GPIO
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Transfers Crossbar switch Clock Distribution
Signal Multiplexing Port control Signal Multiplexing

3.10.1.1 GPIO access protection

The GPIO module does not have access protection because it is not connected to a
peripheral bridge slot and is not protected by the MPU.

3.10.1.2 Number of GPIO signals

The number of GPIO signals available on the devices covered by this document are
detailed in Orderable part numbers .
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Chapter 4
Memory Map

4.1 Introduction

This device contains various memories and memory-mapped peripherals which are
located in one 32-bit contiguous memory space. This chapter describes the memory and
peripheral locations within that memory space.

4.2 System memory map

The following table shows the high-level device memory map. This map provides the
complete architectural address space definition for the various sections. Based on the
physical sizes of the memories and peripherals, the actual address regions used may be

smaller.

Table 4-1. System memory map

System 32-bit Address Range

Destination Slave

Access

0x0000_0000-0x07FF_FFFF

Program flash and read-only data

(Includes exception vectors in first 1024 bytes)

All masters

0x0800_0000-0xOFFF_FFFF

FlexBus (Aliased area)

Cortex-M4 core

(MO) only
0x1000_0000-0x13FF_FFFF e For MK22FX512VLH12: FlexNVM All masters
e For MK22FN1MOVLH12: Reserved
0x1400_0000-0x17FF_FFFF For devices with FlexNVM: FlexRAM All masters

0x1400_0000-0x17FF_FFFF

For devices with program flash only: Programming
acceleration RAM

0x1800_0000-0x1BFF_FFFF

FlexBus (Aliased Area)

Cortex-M4 core

(MO) only
0x1C00_0000-0x1FFF_FFFF SRAM_L: Lower SRAM (ICODE/DCODE) All masters
0x2000_0000-0x200F_FFFF SRAM_U: Upper SRAM bitband region All masters

0x2010_0000-0x21FF_FFFF

Reserved
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Table 4-1. System memory map (continued)

System 32-bit Address Range

Destination Slave

Access

0x2200_0000-0x23FF_FFFF

Aliased to TCMU SRAM bitband

Cortex-M4 core
only

0x2400_0000-0x3FFF_FFFF

Reserved

0x4000_0000-0x4007_FFFF

Bitband region for AIPSO

Cortex-M4 core &

DMA/EzPort
0x4008_0000—-0x400F_EFFF Bitband region for AIPS1 Cortex-M4 core &

DMA/EzPort
0x400F_F000—0x400F_FFFF Bitband region for GPIO Cortex-M4 core &

DMA/EzPort

0x4010_0000-0x41FF_FFFF

Reserved

0x4200_0000-0x43FF_FFFF

Aliased to AIPS and GPIO bitband

Cortex-M4 core
only

0x4400_0000-0x5FFF_FFFF Reserved -

0x6000_0000-0x7FFF_FFFF FlexBus (External Memory - Write-back) All masters
0x8000_0000-0x9FFF_FFFF FlexBus (External Memory - Write-through) All masters
0xA000_0000-0xDFFF_FFFF FlexBus (External Peripheral - Not executable) All masters

0xE000_0000-0xEOQOF_FFFF

Private Peripherals

Cortex-M4 core
only

0xE010_0000-0xFFFF_FFFF

Reserved

NOTE
1. EzPort master port is statically muxed with DMA master
port. Access rights to AIPS-Lite peripheral bridge and
general purpose input/output (GPIO) module address space
18 limited to the core, DMA and EzPort.
2. ARM Cortex-M4 core access privileges also includes
accesses via the debug interface.

4.2.1 Aliased bit-band regions

The SRAM_U, AIPS-Lite, and general purpose input/output (GPIO) module resources
reside in the Cortex-M4 processor bit-band regions.

The processor also includes two 32 MB aliased bit-band regions associated with the two
1 MB bit-band spaces. Each 32-bit location in the 32 MB space maps to an individual bit
in the bit-band region. A 32-bit write in the alias region has the same effect as a read-
modify-write operation on the targeted bit in the bit-band region.

Bit O of the value written to the alias region determines what value is written to the target
bit:
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e Writing a value with bit O set writes a 1 to the target bit.
* Writing a value with bit O clear writes a O to the target bit.

A 32-bit read in the alias region returns either:

* a value of 0x0000_0000 to indicate the target bit is clear
* a value of 0x0000_0001 to indicate the target bit is set

Alias bit-band region

Bit-band region
31 0 31 0
o HAAAAAFFAAAAARAAAAAAAREAAH I
2 M T T T N1
in) °
= °
- )
[ ]
[ ]
[ ]
2
>
i)
=
8V
(o2}

Figure 4-1. Alias bit-band mapping

NOTE
Each bit in bit-band region has an equivalent bit that can be
manipulated through bit 0 in a corresponding long word in the
alias bit-band region.

4.3 Flash Memory Map

The various flash memories and the flash registers are located at different base addresses
as shown in the following figure. The base address for each is specified in System

memory map.
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Flash memory base address

Registers

Program flash base address

Flash configuration field

Program flash

Programming acceleration
RAM base address

RAM

Figure 4-2. Flash memory map for devices containing only program flash

Flash memory base address

Registers

Program flash base address

Flash configuration field

Program flash

FlexNVM base address

FlexNVM

FlexRAM base address

FlexRAM

Figure 4-3. Flash memory

4.3.1 Alternate Non-Volatile

The following non-volatile locations (4

map for devices containing FlexNVM

IRC User Trim Description

bytes) are reserved for custom IRC user trim

supported by some development tools. An alternate IRC trim to the factory loaded trim
can be stored at this location. To override the factory trim, user software must load new

values into the MCG trim registers.

Non-Volatile Byte Address Alternate IRC Trim Value
0x0000_03FC Reserved

0x0000_03FD Reserved

0x0000_03FE (bit 0) SCFTRIM

0x0000_03FE (bit 4:1) FCTRIM

0x0000_03FF SCTRIM
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4.4 SRAM memory map

The on-chip RAM is split in two regions: SRAM_L and SRAM_U. The RAM is
implemented such that the SRAM_L and SRAM_U ranges form a contiguous block in
the memory map. See SRAM Arrays for details.

Accesses to the SRAM_L and SRAM_U memory ranges outside the amount of RAM on
the device causes the bus cycle to be terminated with an error followed by the appropriate
response in the requesting bus master.

4.5 Peripheral bridge (AIPS-Lite0 and AIPS-Lite1) memory
map

The peripheral memory map is accessible via two slave ports on the crossbar switch in
the 0x4000_0000—-0x400F_FFFF region. The device implements two peripheral bridges
(AIPS-Lite O and 1):

» AIPS-Lite0 covers 512 KB
» AIPS-Litel covers 508 KB with 4 KB assigned to the general purpose input/output
module (GPIO)

AIPS-Lite0 is connected to crossbar switch slave port 2, and is accessible at locations
0x4000_0000-0x4007_FFFF.

AIPS-Litel and the general purpose input/output module share the connection to crossbar
switch slave port 3. The AIPS-Litel is accessible at locations 0x4008_0000—
0x400F_EFFF. The general purpose input/output module is accessible in a 4-kbyte region
at 0x400F_F000-0x400F_FFFF. Its direct connection to the crossbar switch provides
master access without incurring wait states associated with accesses via the AIPS-Lite
controllers.

Modules that are disabled via their clock gate control bits in the SIM registers disable the
associated AIPS slots. Access to any address within an unimplemented or disabled
peripheral bridge slot results in a transfer error termination.

For programming model accesses via the peripheral bridges, there is generally only a
small range within the 4 KB slots that is implemented. Accessing an address that is not
implemented in the peripheral results in a transfer error termination.
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4.5.1 Read-after-write sequence and required serialization of
memory operations

In some situations, a write to a peripheral must be completed fully before a subsequent
action can occur. Examples of such situations include:

 Exiting an interrupt service routine (ISR)

* Changing a mode

* Configuring a function

In these situations, application software must perform a read-after-write sequence to
guarantee the required serialization of the memory operations:

1. Write the peripheral register.

2. Read the written peripheral register to verify the write.

3. Continue with subsequent operations.

4.5.2 Peripheral Bridge 0 (AIPS-Lite 0) Memory Map

Table 4-2. Peripheral bridge 0 slot assignments

System 32-bit base address Slot Module
number
0x4000_0000 0 Peripheral bridge 0 (AIPS-Lite 0)
0x4000_1000 1 —
0x4000_2000 2 —
0x4000_3000 3 —
0x4000_4000 4 Crossbar switch
0x4000_5000 5 —
0x4000_6000 6 —
0x4000_7000 7 —
0x4000_8000 8 DMA controller
0x4000_9000 9 DMA controller transfer control descriptors
0x4000_A000 10 —
0x4000_B000 11 —
0x4000_C000 12 FlexBus
0x4000_D000 13 MPU
0x4000_E000 14 —
0x4000_F000 15 —
0x4001_0000 16 —
0x4001_1000 17 —
0x4001_2000 18 —
0x4001_3000 19 —
0x4001_4000 20 —

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)
System 32-bit base address Slot Module
number
0x4001_5000 21 —
0x4001_6000 22 —
0x4001_7000 23 —
0x4001_8000 24 —
0x4001_9000 25 —
0x4001_A000 26 —
0x4001_B000 27 —
0x4001_C000 28 —
0x4001_D000 29 —
0x4001_E000 30 —
0x4001_FO000 31 Flash memory controller
0x4002_0000 32 Flash memory
0x4002_1000 33 DMA channel mutiplexer O
0x4002_2000 34 —
0x4002_3000 35 —
0x4002_4000 36 FlexCAN 0
0x4002_5000 37 —
0x4002_6000 38 —
0x4002_7000 39 —
0x4002_8000 40 —
0x4002_9000 41 1 Random Number Generator (RNGA)
0x4002_A000 42 —
0x4002_B000 43 —
0x4002_C000 44 SPIO
0x4002_D000 45 —
0x4002_E000 46 —
0x4002_F000 47 2S 0
0x4003_0000 48 —
0x4003_1000 49 —
0x4003_2000 50 CRC
0x4003_3000 51 —
0x4003_4000 52 —
0x4003_5000 53 USB DCD
0x4003_6000 54 Programmable delay block (PDB)
0x4003_7000 55 Periodic interrupt timers (PIT)
0x4003_8000 56 FlexTimer (FTM) O
0x4003_9000 57 FlexTimer (FTM) 1
0x4003_A000 58 2 FlexTimer (FTM) 2
0x4003_B000 59 Analog-to-digital converter (ADC) 0

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)
System 32-bit base address Slot Module
number
0x4003_C000 60 —
0x4003_D000 61 Real-time clock (RTC)
0x4003_E000 62 VBAT register file
0x4003_F000 63 SDACO
0x4004_0000 64 Low-power timer (LPTMR)
0x4004_1000 65 System register file
0x4004_2000 66 —
0x4004_3000 67 —
0x4004_4000 68 —
0x4004_5000 69 —
0x4004_6000 70 —
0x4004_7000 71 SIM low-power logic
0x4004_8000 72 System integration module (SIM)
0x4004_9000 73 Port A multiplexing control
0x4004_A000 74 Port B multiplexing control
0x4004_B000 75 Port C multiplexing control
0x4004_C000 76 Port D multiplexing control
0x4004_D000 77 Port E multiplexing control
0x4004_E000 78 —
0x4004_F000 79 —
0x4005_0000 80 —
0x4005_1000 81 —
0x4005_2000 82 Software watchdog
0x4005_3000 83 —
0x4005_4000 84 —
0x4005_5000 85 —
0x4005_6000 86 —
0x4005_7000 87 —
0x4005_8000 88 —
0x4005_9000 89 —
0x4005_A000 90 —
0x4005_B000 91 —
0x4005_C000 92 —
0x4005_D000 93 —
0x4005_E000 94 —
0x4005_F000 95 —
0x4006_0000 96 —
0x4006_1000 97 External watchdog
0x4006_2000 98 Carrier modulator timer (CMT)

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4006_3000 99 —
0x4006_4000 100 Multi-purpose Clock Generator (MCG)
0x4006_5000 101 System oscillator (OSC)
0x4006_6000 102 l2’C o
0x4006_7000 103 [2C 1
0x4006_8000 104 —
0x4006_9000 105 —
0x4006_A000 106 UART 0
0x4006_B000 107 UART 1
0x4006_C000 108 UART 2
0x4006_D000 109
0x4006_E000 110 —
0x4006_F000 111 —
0x4007_0000 112 —
0x4007_1000 113 —
0x4007_2000 114 USB OTG FS/LS
0x4007_3000 115 Analog comparator (CMP) / 6-bit digital-to-analog converter (DAC)
0x4007_4000 116 Voltage reference (VREF)
0x4007_5000 117 —
0x4007_6000 118 —
0x4007_7000 119 —
0x4007_8000 120 —
0x4007_9000 121 —
0x4007_A000 122 —
0x4007_B000 123 —
0x4007_C000 124 Low-leakage wakeup unit (LLWU)
0x4007_D000 125 Power management controller (PMC)
0x4007_EO000 126 System Mode controller (SMC)
0x4007_F000 127 Reset Control Module (RCM)
0x400F_F000 GPIO controller

1. Random Number Generator is also available in AIPS1
2. FTM2 is also available in AIPS1
3. DACO is also available in AIPS1
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4.5.3 Peripheral Bridge 1 (AIPS-Lite 1) Memory Map

Table 4-3. Peripheral bridge 1 slot assignments

System 32-bit base address Slot Module
number
0x4008_0000 0 Peripheral bridge 1 (AIPS-Lite 1)
0x4008_1000 1 —
0x4008_2000 2 —
0x4008_3000 3 —
0x4008_4000 4 —
0x4008_5000 5 —
0x4008_6000 6 —
0x4008_7000 7 —
0x4008_8000 8 —
0x4008_9000 9 —
0x4008_A000 10 —
0x4008_B000 11 —
0x4008_C000 12 —
0x4008_D000 13 —
0x4008_E000 14 —
0x4008_F000 15 —
0x4009_0000 16 —
0x4009_1000 17 —
0x4009_2000 18 —
0x4009_3000 19 —
0x4009_4000 20 —
0x4009_5000 21 —
0x4009_6000 22 —
0x4009_7000 23 —
0x4009_8000 24 —
0x4009_9000 25 —
0x4009_A000 26 —
0x4009_B000 27 —
0x4009_C000 28 —
0x4009_D000 29 —
0x4009_E000 30 —
0x4009_F000 31 —
0x400A_0000 32 —
0x400A_1000 33 —
0x400A_2000 34 —
0x400A_3000 35 —
0x400A_4000 36 —

Table continues on the next page...
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Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number

0x400A_5000 37 —
0x400A_6000 38 —
0x400A_7000 39 —
0x400A_8000 40 —
0x400A_9000 41 —
0x400A_A000 42 —
0x400A_B000 43 —
0x400A_C000 44 —
0x400A_DO000 45 —
0x400A_E000 46 —
0x400A_F000 47
0x400B_0000 48 —
0x400B_1000 49 —
0x400B_2000 50 —
0x400B_3000 51 —
0x400B_4000 52 —
0x400B_5000 53 —
0x400B_6000 54 —
0x400B_7000 55 —
0x400B_8000 56 FlexTimer (FTM) 2
0x400B_9000 57 FlexTimer (FTM) 3
0x400B_A000 58 —
0x400B_B000 59 Analog-to-digital converter (ADC) 1
0x400B_C000 60 —
0x400B_D000 61 —
0x400B_E000 62 —
0x400B_F000 63 —
0x400C_0000 64 —
0x400C_1000 65 —
0x400C_2000 66 —
0x400C_3000 67 —
0x400C_4000 68 —
0x400C_5000 69 —
0x400C_6000 70 —
0x400C_7000 71 —
0x400C_8000 72 —
0x400C_9000 73 —
0x400C_A000 74 —
0x400C_B000 75 —
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Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number

0x400C_C000 76 212-bit digital-to-analog converter (DAC) 0
0x400C_D000 77 —
0x400C_E000 78 —
0x400C_F000 79 —
0x400D_0000 80 —
0x400D_1000 81 —
0x400D_2000 82 —
0x400D_3000 83 —
0x400D_4000 84 —
0x400D_5000 85 —
0x400D_6000 86 —
0x400D_7000 87 —
0x400D_8000 88 —
0x400D_9000 89 —
0x400D_A000 90 —
0x400D_B000 91 —
0x400D_C000 92 —
0x400D_D000 93 —
0x400D_E000 94 —
0x400D_F000 95 —
0x400E_0000 96 —
0x400E_1000 97 —
0x400E_2000 98 —
0x400E_3000 99 —
0x400E_4000 100 —
0x400E_5000 101 —
0x400E_6000 102 12C2
0x400E_7000 103 —
0x400E_8000 104 —
0x400E_9000 105 —
0x400E_A000 106
0x400E_B000 107
0x400E_CO000 108 —
0x400E_DO000 109 —
0x400E_EO000 110 —
0x400E_FO000 111 —
0x400F_0000 112 —
0x400F_1000 113 —
0x400F_2000 114 —

Table continues on the next page...

K22 Sub-Family Reference Manual, Rev. 4, November 2014

160 Freescale Semiconductor, Inc.



g |

Chapter 4 Memory Map

Table 4-3. Peripheral bridge 1 slot assignments (continued)

System 32-bit base address Slot Module
number
0x400F_3000 115 —
0x400F_4000 116 —
0x400F_5000 117 —
0x400F_6000 118 —
0x400F _7000 119 —
0x400F_8000 120 —
0x400F_9000 121 —
0x400F_A000 122 —
0x400F_B000 123 —
0x400F_C000 124 —
0x400F_D000 125 —
0x400F_EO000 126 —

0x400F_F000

Not an AIPS-Lite slot. The 32-bit general purpose input/output module that shares the
crossbar switch slave port with the AIPS-Lite is accessed at this address.

1. FTM2 is also available in AIPSO
2. DACO is also available in AIPS0O

4.6 Private Peripheral Bus (PPB) memory map

The PPB is part of the defined ARM bus architecture and provides access to select
processor-local modules. These resources are only accessible from the core; other system

masters do not have access to them.

Table 4-4. PPB memory map

System 32-bit Address Range

Resource

0xE000_0000-0xEO000_OFFF

Instrumentation Trace Macrocell (ITM)

0xE000_1000-0xEQ00_1FFF

Data Watchpoint and Trace (DWT)

0xE000_2000-0xE000_2FFF

Flash Patch and Breakpoint (FPB)

0xE000_3000-0xEO00_DFFF Reserved
0xE000_EO000-0xEOQ00_EFFF System Control Space (SCS) (for NVIC and FPU)
0xE000_F000—-0xE003_FFFF Reserved

0xE004_0000-0xE004_OFFF

Trace Port Interface Unit (TPIU)

0xE004_1000-0xE004_1FFF

Embedded Trace Macrocell (ETM)

0xE004_2000-0xE004_2FFF

Embedded Trace Buffer (ETB)

0xE004_3000-0xE004_3FFF

Embedded Trace Funnel

0xE004_4000-0xE007_FFFF

Reserved

0xE008_0000-0xE008_OFFF

Miscellaneous Control Module (MCM)(including ETB Almost Full)

Table continues on the next page...
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Table 4-4. PPB memory map (continued)

System 32-bit Address Range Resource
0xE008_1000—-0xE008_1FFF Reserved
OxEOOF_FO00-OxEOOF_FFFF ROM Table - allows auto-detection of debug components
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Clock Distribution

5.1 Introduction

The MCG module controls which clock source is used to derive the system clocks. The
clock generation logic divides the selected clock source into a variety of clock domains,
including the clocks for the system bus masters, system bus slaves, and flash memory .
The clock generation logic also implements module-specific clock gating to allow
granular shutoff of modules.

The primary clocks for the system are generated from the MCGOUTCLK clock. The
clock generation circuitry provides several clock dividers that allow different portions of
the device to be clocked at different frequencies. This allows for trade-offs between
performance and power dissipation.

Various modules, such as the USB OTG Controller, have module-specific clocks that can
be generated from the MCGPLLCLK or MCGFLLCLK clock. In addition, there are
various other module-specific clocks that have other alternate sources. Clock selection for
most modules is controlled by the SOPT registers in the SIM module.

5.2 Programming model

The selection and multiplexing of system clock sources is controlled and programmed via
the MCG module. The setting of clock dividers and module clock gating for the system
are programmed via the SIM module. Reference those sections for detailed register and
bit descriptions.

5.3 High-Level device clocking diagram

The following system oscillator, MCG, and SIM module registers control the
multiplexers, dividers, and clock gates shown in the below figure:
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osC MCG SIM
Multiplexers MCG_Cx MCG_Cx SIM_SOPT1, SIM_SOPT2
Dividers — MCG_Cx SIM_CLKDIVx
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Note: See subsequent sections for details on where these clocks are used.

Figure 5-1. Clocking diagram

5.4 Clock definitions

The following table describes the clocks in the previous block diagram.

Clock name Description
Core clock MCGOUTCLK divided by OUTDIV1 clocks the ARM Cortex-
M4 core

Table continues on the next page...
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Clock name

Description

System clock

MCGOUTCLK divided by OUTDIV1 clocks the crossbar
switch and bus masters directly connected to the crossbar. In
addition, this clock is used for UARTO and UART1.

Bus clock

MCGOUTCLK divided by OUTDIV2 clocks the bus slaves
and peripheral (excluding memories)

FlexBus clock

MCGOUTCLK divided by OUTDIV3 clocks the external
FlexBus interface

Flash clock MCGOUTCLK divided by OUTDIV4 clocks the flash memory

MCGIRCLK MCG output of the slow or fast internal reference clock

MCGFFCLK MCG output of the slow internal reference clock or a divided
MCG external reference clock.

MCGOUTCLK MCG output of either IRC, MCGFLLCLK , MCGPLLCLK or
MCG's external reference clock that sources the core,
system, bus, FlexBus, and flash clock. It is also an option for
the debug trace clock.

MCGFLLCLK MCG output of the FLL. MCGFLLCLK may clock some
modules.

MCGPLLCLK MCG output of the PLL. MCGFLLCLK or MCGPLLCLK may
clock some modules.

OSCCLK System oscillator output of the internal oscillator or sourced
directly from EXTAL

OSCERCLK System oscillator output sourced from OSCCLKthat may
clock some on-chip modules

OSC32KCLK System oscillator 32kHz output

ERCLK32K Clock source for some modules that is chosen as
OSC32KCLK or the RTC clock.

RTC clock RTC oscillator output for the RTC module

LPO PMC 1kHz output

5.4.1 Device clock summary

The following table provides more information regarding the on-chip clocks.

Table 5-1. Clock Summary

Clock nhame Run mode VLPR mode Clock source Clock is disabled
when...
clock frequency clock frequency
MCGOUTCLK Up to 120 MHz Up to 4 MHz MCG In all stop modes
Core clock Up to 120 MHz Up to 4 MHz MCGOUTCLK clock In all wait and stop
divider modes
System clock Up to 120 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes
divider
Bus clock Up to 60 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes
divider
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Table 5-1. Clock Summary (continued)

(OSCERCLK)

30-40 kHz, or
3-32 MHz (crystal)

30-40 kHz (low-range
crystal) or

Up to 4 MHz (high-
range crystal)

Clock hame Run mode VLPR mode Clock source Clock is disabled
when...
clock frequency clock frequency
FlexBus clock Up to 50 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes or
(FB_CLK) divider FlexBus disabled
Flash clock Up to 25 MHz Up to 800 kHz MCGOUTCLK clock In all stop modes
divider
Internal reference 30-40 kHz or MHz 4 MHz only MCG MCG_C1[IRCLKEN]
(MCGIRCLK) cleared,
Stop mode and
MCG_C1[IREFSTEN]
cleared, or
VLPS/LLS/VLLS mode
External reference  |Up to 50 MHz (bypass), |Up to 4 MHz (bypass), |System OSC System OSC's

OSC_CR[ERCLKEN]
cleared, or

Stop mode and
OSC_CRI[EREFSTEN]
cleared

External reference

30-40 kHz

30-40 kHz

System OSC or RTC

System OSC's

fractional clock divider,
or

12S_CLKIN

32kHz OSC depending on OSC_CR[ERCLKEN]
(ERCLK32K) gll_l\]/I_SOPT1[OSCSZKS cleared or
RTC's RTC_CR[OSCE]
cleared
RTC_CLKOUT 1 Hz or 32 kHz 1 Hz or 32 kHz RTC clock Clock is disabled in LLS
and VLLSx modes
LPO 1 kHz 1 kHz PMC in VLLSO
USB FS clock 48 MHz N/A or MCGFLLCLK with USB FS OTG is
fractional clock divider, |disabled
or
USB_CLKIN
I12S master clock Up to 25 MHz Up to 12.5 MHz System clock , I2S is disabled
MCGPLLCLK ,
OSCERCLK with

TRACE clock

Up to 100 MHz

Up to 4 MHz

System clock or
MCGOUTCLK

Trace is disabled
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5.5 Internal clocking requirements

The clock dividers are programmed via the SIM module’s CLKDIV registers. Each
divider is programmable from a divide-by-1 through divide-by-16 setting. The following
requirements must be met when configuring the clocks for this device:

1. The core and system clock frequencies must be 120 MHz or slower.

2. The bus clock frequency must be programmed to 60 MHz or less and an integer
divide of the core clock.

3. The flash clock frequency must be programmed to 25 MHz or less and an integer
divide of the core clock.

4. The FlexBus clock frequency must be programmed to 50 Mhz or less and an integer

divide of the core clock.

The following are a few of the more common clock configurations for this device:

Option 1:
Clock Frequency
Core clock 120 MHz
System clock 120 MHz
Bus clock 60 MHz
FlexBus clock 40 MHz
Flash clock 24 MHz

5.5.1 Clock divider values after reset

Each clock divider is programmed via the SIM module’s CLKDIVnr registers. The flash
memory's FTF_FOPT[LPBOOT] bit controls the reset value of the core clock, system
clock, bus clock, and flash clock dividers as shown below:

FTF_FOPT
[LPBOOT]

Core/system
clock

Bus clock

FlexBus clock

Flash clock

Description

0x7 (divide by 8)

0x7 (divide by 8)

OxF (divide by 16)

OxF (divide by 16)

Low power boot

0x0 (divide by 1)

0x0 (divide by 1)

0x1 (divide by 2)

0x1 (divide by 2)

Fast clock boot

This gives the user flexibility for a lower frequency, low-power boot option. The flash

erased state defaults to fast clocking mode, since where the low power boot

(FTF_FOPT[LPBOOT])) bit resides in flash is logic 1 in the flash erased state.
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To enable the low power boot option program FTF_FOPT[LPBOOT] to zero. During the
reset sequence, if LPBOOT is cleared, the system is in a slow clock configuration. Upon
any system reset, the clock dividers return to this configurable reset state.

5.5.2 VLPR mode clocking

The clock dividers cannot be changed while in VLPR mode. They must be programmed
prior to entering VLPR mode to guarantee:

* the core/system, FlexBus, and bus clocks are less than or equal to 4 MHz, and
* the flash memory clock is less than or equal to 1 MHz

NOTE
When the MCG is in BLPI and clocking is derived from the
Fast IRC, the clock divider controls, MCG_SC[FCRDIV] and
SIM_CLKDIV1[OUTDIV4], must be programmed such that
the resulting flash clock nominal frequency is 800 kHz or less.
In this case, one example of correct configuration is
MCG_SC[FCRDIV]=000b and
SIM_CLKDIV1[OUTDIV4]=0100b, resulting in a divide by 5
setting.

5.6 Clock Gating

The clock to each module can be individually gated on and off using the SIM module's
SCGCx registers. These bits are cleared after any reset, which disables the clock to the
corresponding module to conserve power. Prior to initializing a module, set the
corresponding bit in SCGCx register to enable the clock. Before turning off the clock,
make sure to disable the module.

Any bus access to a peripheral that has its clock disabled generates an error termination.

5.7 Module clocks

The following table summarizes the clocks associated with each module.

Table 5-2. Module clocks

Module | Bus interface clock | Internal clocks | I/0 interface clocks

Core modules

Table continues on the next page...
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Chapter 5 Clock Distribution

Module Bus interface clock Internal clocks I/0 interface clocks
ARM Cortex-M4 core System clock Core clock =
NVIC System clock — —
DAP System clock — —
IT™ System clock — —
ETM System clock TRACE clock TRACE_CLKOUT
ETB System clock = =
cJTAG, JTAGC — — JTAG_CLK
System modules
DMA System clock — —
DMA Mux Bus clock = =
Port control Bus clock LPO =
Crossbar Switch System clock — —
Peripheral bridges System clock Bus clock, Flash clock =
MPU System clock — —
LLWU, PMC, SIM, RCM Flash clock LPO —
Mode controller Flash clock = =
MCM System clock — —
EWM Bus clock LPO =
Watchdog timer Bus clock LPO —
Clocks
MCG Bus clock MCGOUTCLK, MCGPLLCLK, —
MCGFLLCLK, MCGIRCLK,
OSCERCLK
OSC Bus clock OSCERCLK —
Memory and memory interfaces
Flash Controller System clock Flash clock —
Flash memory Flash clock — —
FlexBus System clock — CLKOUT
EzPort System clock = EZP_CLK
Security
CRC Bus clock — —
Analog
ADC Bus clock OSCERCLK —
CMP Bus clock — —
VREF Bus clock — —
Timers
PDB Bus clock — —
FlexTimers Bus clock MCGFFCLK FTM_CLKINx
PIT Bus clock = =

Table continues on the next page...
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Table 5-2. Module clocks (continued)

Module Bus interface clock Internal clocks 1/0 interface clocks
LPTMR Flash clock LPO, OSCERCLK, —
MCGIRCLK, ERCLK32K
CMT Bus clock — —
RTC Flash clock EXTAL32 —
Communication interfaces
USB FS OTG System clock USB FS clock —
USB DCD Bus clock — —
FlexCAN Bus clock OSCERCLK —
DSPI Bus clock — DSPI_SCK
12C Bus clock — I2C_SCL
UARTO, UART1 System clock — —
UART2 Bus clock — —
12S Bus clock [2S master clock [2S_TX_BCLK,
12S_RX_BCLK
Human-machine interfaces
GPIO System clock — —

5.7.1 PMC 1-kHz LPO clock

The Power Management Controller (PMC) generates a 1-kHz clock that is enabled in all
modes of operation, including all low power modes except VLLSO. This 1-kHz source is
commonly referred to as LPO clock or 1-kHz LPO clock.

5.7.2 WDOG clocking

The WDOG may be clocked from two clock sources as shown in the following figure.

LPO

— WDOG clock

Bus clock ——

|

WDOG_STCTRLH[CLKSRC]
Figure 5-2. WDOG clock generation
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5.7.3 Debug trace clock

The debug trace clock source can be clocked as shown in the following figure.

MCGOUTCLK ———

TRACECLKIN | TPV | tRACE cLkoUT

Core / system clock ——

|

SIM_SOPT2[TRACECLKSEL]
Figure 5-3. Trace clock generation

5.7.4 PORT digital filter clocking
The digital filters in the PORTD module can be clocked as shown in the following figure.

NOTE
In stop mode, the digital input filters are bypassed unless they
are configured to run from the 1 kHz LPO clock source.

Bus clock ——

PORTXx digital input
filter clock

LPO

|

PORTx_DFCR[CS]
Figure 5-4. PORTXx digital input filter clock generation

5.7.5 LPTMR clocking

The prescaler and glitch filters in each of the LPTMRx modules can be clocked as shown
in the following figure.
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NOTE

The chosen clock must remain enabled if the LPTMRx is to
continue operating in all required low-power modes.

MCGIRCLK
LPO
ERCLK32K

OSCERCLK

/1

LPTMRx_PSR[PCS]

LPTMRx prescaler/glitch
filter clock

Figure 5-5. LPTMRXx prescaler/glitch filter clock generation

5.7.6 USB FS OTG Controller clocking

The USB FS OTG controller is a bus master attached to the crossbar switch. As such, it

uses the system clock.

NOTE

For the USB FS OTG controller to operate, the minimum
system clock frequency is 20 MHz.

The USB OTG controller also requires a 48 MHz clock. The clock source options are

shown below.

MCGPLLCLK or
MCGFLLCLK

USB_CLKIN

SIM_CLKDIV2
| [USBFRAC, USBDIV]

—> USB 48MHz

SIM_SOPT2[USBSRC]

Figure 5-6. USB 48 MHz clock source

NOTE

The MCGFLLCLK does not meet the USB jitter specifications

for certification.
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5.7.7 FlexCAN clocking

The clock for the FlexCAN's protocol engine can be selected as shown in the following
figure.
OSCERCLK ———>

—> FlexCAN clock

Bus clock ————

|

CANx_CTRL1[CLKSRC]
Figure 5-7. FlexCAN clock generation

5.7.8 UART clocking

UARTO and UART1 modules operate from the core/system clock, which provides higher
performance level for these modules. All other UART modules operate from the bus
clock.

5.7.9 [I2S/SAl clocking

The audio master clock (MCLK) is used to generate the bit clock when the receiver or
transmitter is configured for an internally generated bit clock. The audio master clock can
also be output to or input from a pin. The transmitter and receiver have the same audio
master clock inputs.

Each SAI peripheral can control the input clock selection, pin direction and divide ratio
of one audio master clock.

The I12S/SAI transmitter and receiver support asynchronous bit clocks (BCLKs) that can
be generated internally from the audio master clock or supplied externally. The module
also supports the option for synchronous operation between the receiver and transmitter
product.

The transmitter and receiver can independently select between the bus clock and the
audio master clock to generate the bit clock.
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The MCLK and BCLK source options appear in the following figure.

Clock Generation

MCGPLLCLK

OSCOERCLK
SYSCLK

1

10
01
00,

Fractional
Clock
Divider

MCLK_OUT

MCLK_IN

3
0

12S/SAl

12Sx_TCR2/RCR2 BCLK_OUT
1 Bit
MCLK H  Clock
> BCLK
BUSCLK—0! Divider BCLK_IN
I -
[MSEL] [DIV] [BCD]
12Sx_MCR[MOE]

128x_MDR[FRACT,DIVIDE]

12Sx_MCRIMICS]

Figure 5-8. I2S/SAI clock generation
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Chapter 6
Reset and Boot

6.1 Introduction

The following reset sources are supported in this MCU:

Table 6-1. Reset sources

Reset sources

Description

POR reset

Power-on reset (POR)

System resets

External pin reset (PIN)

Low-voltage detect (LVD)

Computer operating properly (COP) watchdog reset
Low leakage wakeup (LLWU) reset

Multipurpose clock generator loss of clock (LOC) reset
Multipurpose clock generator loss of lock (LOL) reset
Stop mode acknowledge error (SACKERR)

Software reset (SW)

Lockup reset (LOCKUP)

EzPort reset

MDM DAP system reset

Debug reset

JTAG reset
NnTRST reset

Each of the system reset sources has an associated bit in the system reset status (SRS)
registers. See the Reset Control Module for register details.

The MCU exits reset in functional mode that is controlled by EZP_CS pin to select
between the single chip (default) or serial flash programming (EzPort) modes. See Boot

options for more details.
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6.2 Reset

This section discusses basic reset mechanisms and sources. Some modules that cause
resets can be configured to cause interrupts instead. Consult the individual peripheral
chapters for more information.

6.2.1 Power-on reset (POR)

When power is initially applied to the MCU or when the supply voltage drops below the
power-on reset re-arm voltage level (Vpgr), the POR circuit causes a POR reset
condition.

As the supply voltage rises, the LVD circuit holds the MCU in reset until the supply has
risen above the LVD low threshold (V[ ypr). The POR and LVD bits in SRSO register are
set following a POR.

6.2.2 System reset sources

Resetting the MCU provides a way to start processing from a known set of initial
conditions. System reset begins with the on-chip regulator in full regulation and system
clocking generation from an internal reference. When the processor exits reset, it
performs the following:

* Reads the start SP (SP_main) from vector-table offset O

» Reads the start PC from vector-table offset 4

* LR is set to OxFFFF_FFFF

The on-chip peripheral modules are disabled and the non-analog I/O pins are initially
configured as disabled. The pins with analog functions assigned to them default to their
analog function after reset.

During and following a reset, the JTAG pins have their associated input pins configured
as:

e TDI in pull-up (PU)
* TCK in pull-down (PD)
e TMS in PU

and associated output pin configured as:

* TDO with no pull-down or pull-up
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Note that the n'TRST signal is initially configured as disabled, however once configured
to its JTAG functionality its associated input pin is configured as:

e nTRST in PU

6.2.2.1 External pin reset (PIN)

On this device, RESET is a dedicated pin. This pin is open drain and has an internal
pullup device. Asserting RESET wakes the device from any mode. During a pin reset, the
RCM's SRSO[PIN] bit is set.

6.2.2.1.1 Reset pin filter

The RESET pin filter supports filtering from both the 1 kHz LPO clock and the bus
clock. A separate filter is implemented for each clock source. In stop and VLPS mode
operation, this logic either switches to bypass operation or has continued filtering

operation depending on the filtering mode selected. In low leakage stop modes, a separate
LPO filter in the LLWU can continue filtering the RESET pin.

The RPFC[RSTFLTSS], RPFC[RSTFLTSRW], and RPFW[RSTFLTSEL] fields in the
reset control (RCM) register set control this functionality; see the RCM chapter. The
filters are asynchronously reset by Chip POR. The reset value for each filter assumes the
RESET pin is negated.

The two clock options for the RESET pin filter when the chip is not in low leakage
modes are the LPO (1 kHz) and bus clock. For low leakage modes VLLS3, VLLS2,
VLLSI1, VLLSO, the LLWU provides control (in the LLWU_RST register) of an optional
fixed digital filter running the LPO. When entering VLLSO, the RESET pin filter is
disabled and bypassed.

The LPO filter has a fixed filter value of 3. Due to a synchronizer on the input data, there
is also some associated latency (2 cycles). As a result, 5 cycles are required to complete a
transition from low to high or high to low.

The bus filter initializes to off (logic 1) when the bus filter is not enabled. The bus clock
is used when the filter selects bus clock, and the number of counts is controlled by the
RCM's RPFW[RSTFLTSEL] field.
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6.2.2.2 Low-voltage detect (LVD)

The chip includes a system for managing low voltage conditions to protect memory
contents and control MCU system states during supply voltage variations. The system
consists of a power-on reset (POR) circuit and an LVD circuit with a user-selectable trip
voltage. The LVD system is always enabled in normal run, wait, or stop mode. The LVD
system is disabled when entering VLPx, LLS, or VLLSx modes.

The LVD can be configured to generate a reset upon detection of a low voltage condition
by setting the PMC's LVDSCI1[LVDRE] bit to 1. The low voltage detection threshold is
determined by the PMC's LVDSCI1[LVDV] field. After an LVD reset has occurred, the
LVD system holds the MCU in reset until the supply voltage has risen above the low
voltage detection threshold. The RCM's SRSO[LVD] bit is set following either an LVD
reset or POR.

6.2.2.3 Computer operating properly (COP) watchdog timer

The computer operating properly (COP) watchdog timer (WDOG) monitors the operation
of the system by expecting periodic communication from the software. This
communication is generally known as servicing (or refreshing) the COP watchdog. If this
periodic refreshing does not occur, the watchdog issues a system reset. The COP reset
causes the RCM's SRSO[WDOG] bit to set.

6.2.2.4 Low leakage wakeup (LLWU)

The LLWU module provides the means for a number of external pins, the RESET pin,
and a number of internal peripherals to wake the MCU from low leakage power modes.
The LLWU module is functional only in low leakage power modes.

e In LLS mode, only the RESET pin via the LLWU can generate a system reset.
* In VLLSx modes, all enabled inputs to the LLWU can generate a system reset.

After a system reset, the LLWU retains the flags indicating the input source of the last
wakeup until the user clears them.

NOTE

Some flags are cleared in the LLWU and some flags are
required to be cleared in the peripheral module. Refer to the
individual peripheral chapters for more information.
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6.2.2.5 Multipurpose clock generator loss-of-clock (LOC)
The MCG module supports an external reference clock.

If the C6|CME] bit in the MCG module is set, the clock monitor is enabled. If the
external reference falls below fjoc jow OF fioc_nigh, s controlled by the C2[RANGE] field
in the MCG module, the MCU resets. The RCM's SRSO[LOC] bit is set to indicate this
reset source.

NOTE
To prevent unexpected loss of clock reset events, all clock
monitors should be disabled before entering any low power
modes, including VLPR and VLPW.

6.2.2.6 MCG loss-of-lock (LOL) reset

The MCG includes a PLL loss-of-lock detector. The detector is enabled when configured
for PEE and lock has been achieved. If the MCG_CS8[LOLRE] bit in the MCG module is
set and the PLL lock status bit (MCG_S[LOLSO0]) becomes set, the MCU resets. The
RCM_SRSO[LOL] bit is set to indicate this reset source.

NOTE
This reset source does not cause a reset if the chip is in any stop
mode.

6.2.2.7 Stop mode acknowledge error (SACKERR)

This reset is generated if the core attempts to enter stop mode, but not all modules
acknowledge stop mode within 1025 cycles of the 1 kHz LPO clock.

A module might not acknowledge the entry to stop mode if an error condition occurs. The
error can be caused by a failure of an external clock input to a module.

6.2.2.8 Software reset (SW)

The SYSRESETREQ bit in the NVIC application interrupt and reset control register can
be set to force a software reset on the device. (See ARM's NVIC documentation for the
full description of the register fields, especially the VECTKEY field requirements.)
Setting SYSRESETREQ generates a software reset request. This reset forces a system
reset of all major components except for the debug module. A software reset causes the
RCM's SRS1[SW] bit to set.
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6.2.2.9 Lockup reset (LOCKUP)

The LOCKUP gives immediate indication of seriously errant kernel software. This is the
result of the core being locked because of an unrecoverable exception following the
activation of the processor’s built in system state protection hardware.

The LOCKUP condition causes a system reset and also causes the RCM's
SRST[LOCKUPT] bit to set.

6.2.2.10 EzPort reset

The EzPort supports a system reset request via EzPort signaling. The EzPort generates a
system reset request following execution of a Reset Chip (RESET) command via the
EzPort interface. This method of reset allows the chip to boot from flash memory after it
has been programmed by an external source. The EzPort is enabled or disabled by the
EZP_CS pin.

An EzPort reset causes the RCM's SRS1[EZPT] bit to set.

6.2.2.11 MDM-AP system reset request

Set the system reset request bit in the MDM-AP control register to initiate a system reset.
This is the primary method for resets via the JTAG/SWD interface. The system reset is
held until this bit is cleared.

Set the core hold reset bit in the MDM-AP control register to hold the core in reset as the
rest of the chip comes out of system reset.

6.2.3 MCU Resets

A variety of resets are generated by the MCU to reset different modules.

6.2.3.1 VBAT POR

The VBAT POR asserts on a VBAT POR reset source. It affects only the modules within
the VBAT power domain: RTC and VBAT Register File. These modules are not affected
by the other reset types.
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6.2.3.2 POR Only

The POR Only reset asserts on the POR reset source only. It resets the PMC and System
Register File.

The POR Only reset also causes all other reset types (except VBAT POR) to occur.

6.2.3.3 Chip POR not VLLS

The Chip POR not VLLS reset asserts on POR and LVD reset sources. It resets parts of
the SMC and SIM. It also resets the LPTMR.

The Chip POR not VLLS reset also causes these resets to occur: Chip POR, Chip Reset
not VLLS, and Chip Reset (including Early Chip Reset).

6.2.3.4 Chip POR

The Chip POR asserts on POR, LVD, and VLLS Wakeup reset sources. It resets the
Reset Pin Filter registers and parts of the SIM and MCG.

The Chip POR also causes the Chip Reset (including Early Chip Reset) to occur.

6.2.3.5 Chip Reset not VLLS

The Chip Reset not VLLS reset asserts on all reset sources except a VLLS Wakeup that
does not occur via the RESET pin. It resets parts of the SMC, LLWU, and other modules
that remain powered during VLLS mode.

The Chip Reset not VLLS reset also causes the Chip Reset (including Early Chip Reset)
to occur.

6.2.3.6 Early Chip Reset

The Early Chip Reset asserts on all reset sources. It resets only the flash memory module.
It negates before flash memory initialization begins ("earlier”" than when the Chip Reset
negates).

K22 Sub-Family Reference Manual, Rev. 4, November 2014

Freescale Semiconductor, Inc. 181



neset

6.2.3.7 Chip Reset

Chip Reset asserts on all reset sources and only negates after flash initialization has
completed and the RESET pin has also negated. It resets the remaining modules (the
modules not reset by other reset types).

6.2.4 Reset Pin

For all reset sources except a VLLS Wakeup that does not occur via the RESET pin, the
RESET pin is driven low by the MCU for at least 128 bus clock cycles and until flash
initialization has completed.

After flash initialization has completed, the RESET pin is released, and the internal Chip
Reset negates after the RESET pin is pulled high. Keeping the RESET pin asserted
externally delays the negation of the internal Chip Reset.

6.2.5 Debug resets

The following sections detail the debug resets available on the device.

6.2.5.1 JTAG reset

The JTAG module generate a system reset when certain IR codes are selected. This
functional reset is asserted when EzPort, EXTEST, HIGHZ and CLAMP instructions are
active. The reset source from the JTAG module is released when any other IR code is
selected. A JTAG reset causes the RCM's SRS1[JTAG] bit to set.

6.2.5.2 nTRST reset

The nTRST pin causes a reset of the JTAG logic when asserted. Asserting the nTRST pin
allows the debugger to gain control of the TAP controller state machine (after exiting
LLS or VLLSx) without resetting the state of the debug modules.

The nTRST pin does not cause a system reset.
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6.2.5.3 Resetting the Debug subsystem

Use the CDBGRSTREQ bit within the SWJ-DP CTRL/STAT register to reset the debug
modules. However, as explained below, using the CDBGRSTREQ bit does not reset all
debug-related registers.

CDBGRSTREQ resets the debug-related registers within the following modules:

* SWJ-DP

 AHB-AP

« ETM

* ATB replicators

e ATB upsizers

* ATB funnels

* ETB

» TPIU

* MDM-AP (MDM control and status registers)
* MCM (ETB “Almost Full” logic)

CDBGRSTREQ does not reset the debug-related registers within the following modules:

* CM4 core (core debug registers: DHCSR, DCRSR, DCRDR, DEMCR)
 FPB

 DWT

e ITM

e NVIC

e Crossbar bus switch!

« AHB-AP!

* Private peripheral bus!

6.3 Boot

This section describes the boot sequence, including sources and options.

6.3.1 Boot sources

This device only supports booting from internal flash. Any secondary boot must go
through an initialization sequence in flash.

1. CDBGRSTREQ does not affect AHB resources so that debug resources on the private peripheral bus are available
during System Reset.
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6.3.2 Boot options

The device's functional mode is controlled by the state of the EzPort chip select
(EZP_CS) pin during reset.

The device can be in single chip (default) or serial flash programming mode (EzPort).
While in single chip mode the device can be in run or various low power modes
mentioned in Power mode transitions.

Table 6-2. Mode select decoding

EzPort chip select (EZP_CS) Description
0 Serial flash programming mode (EzPort)

Single chip (default)

6.3.3 FOPT boot options

The flash option register (FOPT) in the flash memory module allows the user to
customize the operation of the MCU at boot time. The register contains read-only bits
that are loaded from the NVM's option byte in the flash configuration field. The user can
reprogram the option byte in flash to change the FOPT values that are used for
subsequent resets. For more details on programming the option byte, refer to the flash
memory chapter.

The MCU uses the FOPT register bits to configure the device at reset as shown in the
following table.

Table 6-3. Flash Option Register Bit Definitions

Bit Field Value Definition
Num
7-3 Reserved Reserved for future expansion.
2 NMI_DIS Enable/disable control for the NMI function.
0 NMI interrupts are always blocked. The associated pin continues to default to NMI
pin controls with internal pullup enabled.
1 NMI pin/interrupts reset default to enabled.

Table continues on the next page...
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Table 6-3. Flash Option Register Bit Definitions (continued)

Bit Field Value Definition
Num
1 EZPORT_DIS Enable/disable EzPort function.

0 EzPort operation is disabled. The device always boots to normal CPU execution
and the state of EZP_CS signal during reset is ignored. This option avoids
inadvertent resets into EzPort mode if the EZP_CS/NMI pin is used for its NMI
function.

1 EzPort operation is enabled. The state of EZP_CS pin during reset determines if
device enters EzPort mode.

0 LPBOOT Control the reset value of OUTDIVx values in SIM_CLKDIV1 register. Larger divide value

selections produce lower average power consumption during POR, VLLSx recoveries and
reset sequencing and after reset exit.

0

Low-power boot: OUTDIVx values in SIM_CLKDIV1 register are auto-configured at
reset exit for higher divide values that produce lower power consumption at reset
exit.
* Core and system clock divider (OUTDIV1) and bus clock divider (OUTDIV2)
are 0x7 (divide by 8)
* Flash clock divider (OUTDIV4) and FlexBus clock divider (OUTDIV3) are OxF
(divide by 16)

Normal boot: OUTDIVx values in SIM_CLKDIV1 register are auto-configured at
reset exit for higher frequency values that produce faster operating frequencies at
reset exit.

» Core and system clock divider (OUTDIV1) and bus clock divider (OUTDIV2)
are 0x0 (divide by 1)

* Flash clock divider (OUTDIV4) and FlexBus clock divider (OUTDIV3) are 0x1
(divide by 2)

6.3.4 Boot sequence

At power up, the on-chip regulator holds the system in a POR state until the input supply
is above the POR threshold. The system continues to be held in this static state until the
internally regulated supplies have reached a safe operating voltage as determined by the
LVD. The Mode Controller reset logic then controls a sequence to exit reset.

1. A system reset is held on internal logic, the RESET pin is driven out low, and the
MCQG is enabled in its default clocking mode.

2. Required clocks are enabled (Core Clock, System Clock, Flash Clock, and any Bus
Clocks that do not have clock gate control).

3. The system reset on internal logic continues to be held, but the Flash Controller is
released from reset and begins initialization operation while the Mode Control logic
continues to drive the RESET pin out low for a count of ~128 Bus Clock cycles.

4. The RESET pin is released, but the system reset of internal logic continues to be held
until the Flash Controller finishes initialization. EzPort mode is selected instead of
the normal CPU execution if EZP_CS is low when the internal reset is deasserted.
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EzPort mode can be disabled by programming the FOPT[EZPORT_DIS] field in the
Flash Memory module.

When Flash Initialization completes, the RESET pin is observed. If RESET
continues to be asserted (an indication of a slow rise time on the RESET pin or
external drive in low), the system continues to be held in reset. Once the RESET pin
1s detected high, the system is released from reset.

At release of system reset, clocking is switched to a slow clock if the
FOPT[LPBOOQTT field in the Flash Memory module is configured for Low Power
Boot

. When the system exits reset, the processor sets up the stack, program counter (PC),

and link register (LR). The processor reads the start SP (SP_main) from vector-table
offset 0. The core reads the start PC from vector-table offset 4. LR is set to
OxFFFF_FFFF. What happens next depends on the NMI input and the
FOPT[NMI_DIS] field in the Flash Memory module:

e If the NMI input is high or the NMI function is disabled in the NMI_DIS field,
the CPU begins execution at the PC location.

e If the NMI input is low and the NMI function is enabled in the NMI_DIS field,
this results in an NMI interrupt. The processor executes an Exception Entry and
reads the NMI interrupt handler address from vector-table offset 8. The CPU
begins execution at the NMI interrupt handler.

If FlexXNVM is enabled, the flash controller continues to restore the FlexNVM data.
This data is not available immediately out of reset and the system should not access
this data until the flash controller completes this initialization step as indicated by the
EEERDY flag.

Subsequent system resets follow this reset flow beginning with the step where system
clocks are enabled.
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Chapter 7
Power Management

7.1 Introduction

This chapter describes the various chip power modes and functionality of the individual

modules in these modes.

7.2 Power Modes Description

The power management controller (PMC) provides multiple power options to allow the

user to optimize power consumption for the level of functionality needed.

Depending on the stop requirements of the user application, a variety of stop modes are

available that provide state retention, partial power down or full power down of certain
logic and/or memory. I/O states are held in all modes of operation. The following table
compares the various power modes available.

For Run and VLPR mode there is a corresponding wait and stop mode. Wait modes are

similar to ARM sleep modes. Stop modes (VLPS, STOP) are similar to ARM sleep deep
mode. The very low power run (VLPR) operating mode can drastically reduce runtime
power when the maximum bus frequency is not required to handle the application needs.

The three primary modes of operation are run, wait and stop. The WFI instruction
invokes both wait and stop modes for the chip. The primary modes are augmented in a
number of ways to provide lower power based on application needs.

Table 7-1. Chip power modes

Chip mode | Description Core mode Normal
recovery
method

Normal run Allows maximum performance of chip. Default mode out of reset; on- Run

chip voltage regulator is on.
Table continues on the next page...
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Table 7-1. Chip power modes (continued)

Chip mode Description Core mode Normal
recovery
method
Normal Wait - | Allows peripherals to function while the core is in sleep mode, reducing Sleep Interrupt
via WFI power. NVIC remains sensitive to interrupts; peripherals continue to be
clocked.
Normal Stop - |Places chip in static state. Lowest power mode that retains all registers | Sleep Deep Interrupt
via WFI while maintaining LVD protection. NVIC is disabled; AWIC is used to
wake up from interrupt; peripheral clocks are stopped.
VLPR (Very Low |On-chip voltage regulator is in a low power mode that supplies only Run Interrupt
Power Run) |enough power to run the chip at a reduced frequency. Reduced
frequency Flash access mode (0.8 MHz); LVD off; internal oscillator
provides a low power 4 MHz source for the core, the bus and the
peripheral clocks.
VLPW (Very |Same as VLPR but with the core in sleep mode to further reduce Sleep Interrupt
Low Power |power; NVIC remains sensitive to interrupts (FCLK = ON). On-chip
Wait) -via WFI |voltage regulator is in a low power mode that supplies only enough
power to run the chip at a reduced frequency.
VLPS (Very Low | Places chip in static state with LVD operation off. Lowest power mode Sleep Deep Interrupt
Power Stop)-via |with ADC and pin interrupts functional. Peripheral clocks are stopped,
WFI but LPTimer, RTC, CMP, DAC can be used. NVIC is disabled (FCLK =
OFF); AWIC is used to wake up from interrupt. On-chip voltage
regulator is in a low power mode that supplies only enough power to
run the chip at a reduced frequency. All SRAM is operating (content
retained and I/O states held).
LLS (Low State retention power mode. Most peripherals are in state retention Sleep Deep Wakeup
Leakage Stop) |mode (with clocks stopped), but LLWU, LPTimer, RTC, CMP, DAC can Interrupt!
be used. NVIC is disabled; LLWU is used to wake up.
NOTE: The LLWU interrupt must not be masked by the interrupt
controller to avoid a scenario where the system does not fully
exit stop mode on an LLS recovery.
All SRAM is operating (content retained and I/O states held).
VLLS3 (Very |Most peripherals are disabled (with clocks stopped), but LLWU, Sleep Deep Wakeup Reset?
Low Leakage |LPTimer, RTC, CMP, DAC can be used. NVIC is disabled; LLWU is
Stop3) used to wake up.
SRAM_U and SRAM_L remain powered on (content retained and 1/0
states held).
VLLS2 (Very |Most peripherals are disabled (with clocks stopped), but LLWU, Sleep Deep Wakeup Reset?
Low Leakage |LPTimer, RTC, CMP, DAC can be used. NVIC is disabled; LLWU is
Stop?2) used to wake up.
SRAM_L is powered off. A portion of SRAM_U remains powered on
(content retained and I/O states held).
VLLS1 (Very |Most peripherals are disabled (with clocks stopped), but LLWU, Sleep Deep Wakeup Reset?
Low Leakage |LPTimer, RTC, CMP, DAC can be used. NVIC is disabled; LLWU is
Stop1) used to wake up.
All of SRAM_U and SRAM_L are powered off. The 32-byte system
register file and the 32-byteVBAT register file remain powered for
customer-critical data.
Table continues on the next page...
K22 Sub-Family Reference Manual, Rev. 4, November 2014
188 Freescale Semiconductor, Inc.




Chapter 7 Power Management

Table 7-1. Chip power modes (continued)

Chip mode Description Core mode Normal
recovery
method
VLLSO (Very |Most peripherals are disabled (with clocks stopped), but LLWU and Sleep Deep Wakeup Reset?
Low Leakage |RTC can be used. NVIC is disabled; LLWU is used to wake up.
Stop 0) All of SRAM_U and SRAM_L are powered off. The 32-byte system
register file and the 32-byte VBAT register file remain powered for
customer-critical data.
The POR detect circuit can be optionally powered off.
BAT (backup |The chip is powered down except for the VBAT supply. The RTC and Off Power-up
battery only) |the 32-byte VBAT register file for customer-critical data remain Sequence

powered.

1. Resumes normal run mode operation by executing the LLWU interrupt service routine.
2. Follows the reset flow with the LLWU interrupt flag set for the NVIC.

7.3 Entering and exiting power modes

The WFI instruction invokes wait and stop modes for the chip. The processor exits the
low-power mode via an interrupt. The Nested Vectored Interrupt Controller (NVIC)
describes interrupt operation and what peripherals can cause interrupts.

NOTE
The WFE instruction can have the side effect of entering a low-
power mode, but that is not its intended usage. See ARM
documentation for more on the WFE instruction.

Recovery from VLLSx is through the wake-up Reset event. The chip wake-ups from
VLLSx by means of reset, an enabled pin or enabled module. See the table "LLWU
inputs" in the LLWU configuration section for a list of the sources.

The wake-up flow from VLLSx is through reset. The wakeup bit in the SRS registers in
the RCM is set indicating that the chip is recovering from a low power mode. Code
execution begins; however, the I/O pins are held in their pre low power mode entry
states, and the system oscillator and MCG registers are reset (even if EREFSTEN had
been set before entering VLLSx). Software must clear this hold by writing a 1 to the
ACKISO bit in the Regulator Status and Control Register in the PMC module.

NOTE
To avoid unwanted transitions on the pins, software must re-
initialize the I/O pins to their pre-low-power mode entry states
before releasing the hold.
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If the oscillator was configured to continue running during VLLSx modes, it must be re-
configured before the ACKISO bit is cleared. The oscillator configuration within the
MCAQG is cleared after VLLSx recovery and the oscillator will stop when ACKISO is
cleared unless the register is re-configured.

7.4 Power mode transitions

The following figure shows the power mode transitions. Any reset always brings the chip
back to the normal run state. In run, wait, and stop modes active power regulation is
enabled. The VLPx modes offer a lower power operating mode than normal modes.
VLPR and VLPW are limited in frequency. The LLS and VLLSx modes are the lowest
power stop modes based on amount of logic or memory that is required to be retained by
the application.
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Any reset

Figure 7-1. Power mode state transition diagram

7.5 Power modes shutdown sequencing

When entering stop or other low-power modes, the clocks are shut off in an orderly
sequence to safely place the chip in the targeted low-power state. All low-power entry
sequences are initiated by the core executing an WFI instruction. The ARM core's
outputs, SLEEPDEEP and SLEEPING, trigger entry to the various low-power modes:

e System level wait and VLPW modes equate to: SLEEPING & SLEEPDEEP
» All other low power modes equate to: SLEEPING & SLEEPDEEP

When entering the non-wait modes, the chip performs the following sequence:
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* Shuts off Core Clock and System Clock to the ARM Cortex-M4 core immediately.

* Polls stop acknowledge indications from the non-core crossbar masters (DMA),
supporting peripherals (SPI, PIT) and the Flash Controller for indications that System
Clocks, Bus Clock and/or Flash Clock need to be left enabled to complete a
previously initiated operation, effectively stalling entry to the targeted low power
mode. When all acknowledges are detected, System Clock, Bus Clock and Flash
Clock are turned off at the same time.

* MCG and Mode Controller shut off clock sources and/or the internal supplies driven
from the on-chip regulator as defined for the targeted low power mode.

In wait modes, most of the system clocks are not affected by the low power mode entry.
The Core Clock to the ARM Cortex-M4 core is shut off. Some modules support stop-in-
wait functionality and have their clocks disabled under these configurations.

The debugger modules support a transition from stop, wait, VLPS, and VLPW back to a
halted state when the debugger is enabled. This transition is initiated by setting the Debug
Request bit in MDM-AP control register. As part of this transition, system clocking is re-
established and is equivalent to normal run/VLPR mode clocking configuration.

7.6 Module Operation in Low Power Modes

The following table illustrates the functionality of each module while the chip is in each
of the low power modes. (Debug modules are discussed separately; see Debug in Low
Power Modes.) Number ratings (such as 2 MHz and 1 Mbit/s) represent the maximum
frequencies or maximum data rates per mode. Also, these terms are used:

* FF = Full functionality. In VLPR and VLPW the system frequency is limited, but if a
module does not have a limitation in its functionality, it is still listed as FF.

* static = Module register states and associated memories are retained.

* powered = Memory is powered to retain contents.

* low power = Flash has a low power state that retains configuration registers to
support faster wakeup.

* OFF = Modules are powered off; module is in reset state upon wakeup.

» wakeup = Modules can serve as a wakeup source for the chip.

Table 7-2. Module operation in low power modes

Modules | Stop | VLPR | VLPW | VLPS | LLS | VLLSx
Core modules
NVIC | static | FF | FF | static | static | OFF
System modules
Mode Controller | FF | FF | FF | FF | FF | FF

Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)

Modules Stop VLPR VLPW VLPS LLS VLLSx
LLwU'! static static static static FF FF2
Regulator ON low power low power low power low power low power in

VLLS2/3, OFF in
VLLS0/1
LVD ON disabled disabled disabled disabled disabled
Brown-out ON ON ON ON ON ONin
Detection VLLS1/2/3,
optionally
disabled in
VLLS0?3
DMA static FF FF static static OFF
Watchdog FF FF FF FF static OFF
EWM static FF static static static OFF
Clocks
1kHz LPO ON ON ON ON ON ONin
VLLS1/2/3, OFF
in VLLSO
System OSCERCLK OSCERCLK OSCERCLK OSCERCLK limited to low limited to low
oscillator (OSC) optional max of 4 MHz max of 4 MHz max of 4 MHz | range/low power | range/low power
crystal crystal crystal in VLLS1/2/3,
OFF in VLLSO
MCG static - MHz IRC MHz IRC static - no clock | static - no clock OFF
MCGIRCLK output output
optional; PLL
optionally on but
gated
Core clock OFF MHz max OFF OFF OFF OFF
System clock OFF MHz max MHz max OFF OFF OFF
Bus clock OFF MHz max MHz max OFF OFF OFF
Memory and memory interfaces
Flash powered 0.8 MHz max low power low power OFF OFF
access - no pgm
Portion of low power low power low power low power low power low power in
SRAM_U* VLLS3,2;
otherwise OFF
Remaining low power low power low power low power low power low power in
SRAM_U and all VLLSS;
of SRAM_L otherwise OFF
FlexMemory low power low power® low power low power low power OFF
VBAT Register powered powered powered powered powered powered
file®
System Register powered powered powered powered powered powered
files
FlexBus static FF FF static static OFF
EzPort disabled disabled disabled disabled disabled disabled
Communication interfaces
Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)

Modules Stop VLPR VLPW VLPS LLS VLLSx
USB FS/LS static static static static static OFF
USB DCD static FF FF static static OFF
USB Voltage optional optional optional optional optional optional
Regulator
UART static, wakeup 125 kbit/s 125 kbit/s static, wakeup static OFF

on edge on edge
SPI static 1 Mbit/s 1 Mbit/s static static OFF
12C static, address 100 kbit/s 100 kbit/s static, address static OFF
match wakeup match wakeup
CAN wakeup 256 kbit/s 256 kbit/s wakeup static OFF
12S FF with external FF FF FF with external static OFF
clock” clock”
Security
CRC static FF FF static static OFF
Timers
FTM static FF FF static static OFF
PIT static FF FF static static OFF
PDB static FF FF static static OFF
LPTMR FF FF FF FF FF FF8
RTC - 32kHz FF FF FF FF FF® FF®
0OSC*®
CMT static FF FF static static OFF
Analog
16-bit ADC ADC internal FF FF ADC internal static OFF
clock only clock only
CMP10 HS or LS level FF FF HS or LS level LS level LS level
compare compare compare compare in
VLLS1/2/3, OFF
in VLLSO
6-bit DAC static FF FF static static static
VREF FF FF FF FF static OFF
12-bit DAC static FF FF static static static
Human-machine interfaces
GPIO wakeup FF FF wakeup static, pins OFF, pins
latched latched

1. Using the LLWU module, the external pins available for this chip do not require the associated peripheral function to be
enabled. It only requires the function controlling the pin (GPIO or peripheral) to be configured as an input to allow a
transition to occur to the LLWU.

Since LPO clock source is disabled, filters will be bypassed during VLLSO

The VLLSCTRL[PORPOQ] bit in the SMC module controls this option.

A KB portion of SRAM_U block is left powered on in low power mode VLLS2.

FlexRAM enabled as EEPROM is not writable in VLPR and writes are ignored. Read accesses to FlexRAM as EEPROM
while in VLPR are allowed. There are no access restrictions for FlexRAM configured as traditional RAM.

These components remain powered in BAT power mode.

Use an externally generated bit clock or an externally generated audio master clock (including EXTAL).

akrwbd

No
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©

System OSC and LPO clock sources are not available in VLLSO

RTC_CLKOUT is not available.

10. CMP in stop or VLPS supports high speed or low speed external pin to pin or external pin to DAC compares. CMP in LLS
or VLLSx only supports low speed external pin to pin or external pin to DAC compares. Windowed, sampled & filtered
modes of operation are not available while in stop, VLPS, LLS, or VLLSx modes.

©

7.7 Clock Gating

To conserve power, the clocks to most modules can be turned off using the SCGCx
registers in the SIM module. These bits are cleared after any reset, which disables the
clock to the corresponding module. Prior to initializing a module, set the corresponding
bit in the SCGCx register to enable the clock. Before turning off the clock, make sure to
disable the module. For more details, refer to the clock distribution and SIM chapters.
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Chapter 8
Security

8.1 Introduction

This device implements security based on the mode selected from the flash module. The
following sections provide an overview of flash security and details the effects of security
on non-flash modules.

8.2 Flash Security

The flash module provides security information to the MCU based on the state held by
the FSEC[SEC] bits. The MCU, in turn, confirms the security request and limits access to
flash resources. During reset, the flash module initializes the FSEC register using data
read from the security byte of the flash configuration field.

NOTE
The security features apply only to external accesses via debug
and EzPort. CPU accesses to the flash are not affected by the
status of FSEC.

In the unsecured state all flash commands are available to the programming interfaces
(JTAG and EzPort), as well as user code execution of Flash Controller commands. When
the flash is secured (FSEC[SEC] = 00, 01, or 11), programmer interfaces are only
allowed to launch mass erase operations and have no access to memory locations.

Further information regarding the flash security options and enabling/disabling flash
security is available in the Flash Memory Module.
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8.3 Security Interactions with other Modules

The flash security settings are used by the SoC to determine what resources are available.
The following sections describe the interactions between modules and the flash security
settings or the impact that the flash security has on non-flash modules.

8.3.1 Security interactions with FlexBus

When flash security is enabled, SIM_SOPT2[FBSL] enables/disables off-chip accesses
through the FlexBus interface. The FBSL bitfield also has an option to allow opcode and
operand accesses or only operand accesses.

8.3.2 Security Interactions with EzPort

When flash security is active the MCU can still boot in EzPort mode. The EzPort holds
the flash logic in NVM special mode and thus limits flash operation when flash security
1s active. While in EzPort mode and security is active, flash bulk erase (BE) can still be
executed. The write FCCOB registers (WRFCCOB) command is limited to the mass
erase (Erase All Blocks) and verify all 1s (Read 1s All Blocks) commands. Read accesses
to internal memories via the EzPort are blocked when security is enabled.

The mass erase can be used to disable flash security, but all of the flash contents are lost
in the process. A mass erase via the EzPort is allowed even when some memory locations
are protected.

When mass erase has been disabled, mass erase via the EzPort 1s blocked and cannot be
defeated.

8.3.3 Security Interactions with Debug

When flash security is active the JTAG port cannot access the memory resources of the
MCU. Boundary scan chain operations work, but debugging capabilities are disabled so
that the debug port cannot read flash contents.

Although most debug functions are disabled, the debugger can write to the Flash Mass
Erase in Progress bit in the MDM-AP Control register to trigger a mass erase (Erase All
Blocks) command. A mass erase via the debugger is allowed even when some memory
locations are protected.
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When mass erase is disabled, mass erase via the debugger is blocked.
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Chapter 9
Debug

9.1 Introduction

This device's debug is based on the ARM coresight architecture and is configured in each
device to provide the maximum flexibility as allowed by the restrictions of the pinout and
other available resources.

Four debug interfaces are supported:

e IEEE 1149.1 JITAG

* IEEE 1149.7 JTAG (cJTAG)

» Serial Wire Debug (SWD)

e ARM Real-Time Trace Interface

The basic Cortex-M4 debug architecture is very flexible. The following diagram shows
the topology of the core debug architecture and its components.

K22 Sub-Family Reference Manual, Rev. 4, November 2014

Freescale Semiconductor, Inc. 201



g |

mwroduction
rtex-M4
INTNMI » _Interrupts Cortex
. ,  Sleep o
——INTISR[239:0]+| NVIC [ > Core >
<«—+—SLEEPING o Debug : » ETM
_ SLEEPDEEP Instr. Data Trigger
A A
Trace port
v (serial wire
\ 4 or multi-pin)
AWIC |« ETB TPIU >
A A A
\A / I_y MCM
—p FPB o> DWT = [ITM
Private Peripheral Bus 7
(internal)
APB ROM
i/f ¢ P Table
l-code bus | T
Bus v Code bus
»| Matrix D-code bus > >
/
%SWJ-DP »| AHB-AP > System bus >
JTAG
» MDM-AP

Figure 9-1. Cortex-M4 Debug Topology

The following table presents a brief description of each one of the debug components.

Table 9-1. Debug Components Description

Module

Description

SWJ-DP+ cJTAG

Modified Debug Port with support for SWD, JTAG, cJTAG

AHB-AP AHB Master Interface from JTAG to debug module and SOC
system memory maps

MDM-AP Provides centralized control and status registers for an
external debugger to control the device.

ROM Table Identifies which debug IP is available.

Core Debug Singlestep, Register Access, Run, Core Status

CoreSight Trace Funnel (not shown in figure)

The CSTF combines multiple trace streams onto a single ATB
bus.

CoreSight Trace Replicator (not shown in figure)

The ATB replicator enables two trace sinks to be wired
together and operate from the same incoming trace stream.

ETM (Embedded Trace Macrocell)

ETMv3.5 Architecture

CoreSight ETB (Embedded Trace Buffer)

Memory mapped buffer used to store trace data.

™

S/W Instrumentation Messaging + Simple Data Trace
Messaging + Watchpoint Messaging

Table continues on the next page...
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Table 9-1. Debug Components Description (continued)

Module

Description

DWT (Data and Address Watchpoints)

4 data and address watchpoints

FPB (Flash Patch and Breakpoints)

The FPB implements hardware breakpoints and patches code
and data from code space to system space.

The FPB unit contains two literal comparators for matching
against literal loads from Code space, and remapping to a
corresponding area in System space.

The FBP also contains six instruction comparators for
matching against instruction fetches from Code space, and
remapping to a corresponding area in System space.
Alternatively, the six instruction comparators can individually
configure the comparators to return a Breakpoint Instruction
(BKPT) to the processor core on a match, so providing
hardware breakpoint capability.

TPIU (Trace Port Inteface Unit)

Asynchronous Mode (1-pin) = TRACE_SWO (available on
JTAG_TDO)

MCM (Miscellaneous Control Module)

The MCM provides miscellaneous control functions including
control of the ETB and trace path switching.

9.1.1 References

For more information on ARM debug components, see these documents:

e ARMv7-M Architecture Reference Manual

* ARM Debug Interface v5.1

* ARM CoreSight Architecture Specification
* ARM ETM Architecture Specification v3.5

9.2 The Debug Port

The configuration of the cJTAG module, JTAG controller, and debug port is illustrated in

the following figure:
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Figure 9-2. Modified Debug Port

The debug port comes out of reset in standard JTAG mode and is switched into either
cJTAG or SWD mode by the following sequences. Once the mode has been changed,
unused debug pins can be reassigned to any of their alternative muxed functions.

9.2.1 JTAG-to-SWD change sequence

1. Send more than 50 TCK cycles with TMS (SWDIO) =1
2. Send the 16-bit sequence on TMS (SWDIO)=0111_1001_1110_0111 (MSB

transmitted first)
3. Send more than 50 TCK cycles with TMS (SWDIO) =1

NOTE
See the ARM documentation for the CoreSight DAP Lite for
restrictions.

9.2.2 JTAG-to-cJTAG change sequence
1. Reset the debug port
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2. Set the control level to 2 via zero-bit scans
3. Execute the Store Format (STFMT) command (00011) to set the scan format register
to 1149.7 scan format

9.3 Debug Port Pin Descriptions

The debug port pins default after POR to their JTAG functionality with the exception of
JTAG_TRST_b and can be later reassigned to their alternate functionalities. In cJTAG

and SWD modes JTAG_TDI and JTAG_TRST_b can be configured to alternate GPIO
functions.

Table 9-2. Debug port pins

Pin Name JTAG Debug Port c¢JTAG Debug Port SWD Debug Port Internal Pull-
up\Down
Type Description Type Description Type Description
JTAG_TMS/ [I/O JTAG Test 1/0 cJTAG Data 1/0 Serial Wire Pull-up
SWD_DIO Mode Data
Selection
JTAG_TCLK/ |I JTAG Test | cJTAG Clock | Serial Wire Pull-down
SWD_CLK Clock Clock
JTAG_TDI | JTAG Test Pull-up
Data Input
JTAG_TDO/ |O JTAG Test 0] Trace output 0] Trace output |N/C
TRACE_SWO Data Output over a single over a single
pin pin
JTAG_TRST_ |l JTAG Reset |l cJTAG Reset |- Pull-up
b

9.4 System TAP connection

The system JTAG controller is connected in parallel to the ARM TAP controller. The
system JTAG controller IR codes overlay the ARM JTAG controller IR codes without
conflict. Refer to the IR codes table for a list of the available IR codes. The output of the
TAPs (TDO) are muxed based on the IR code which is selected. This design is fully
JTAG compliant and appears to the JTAG chain as a single TAP. At power on reset,
ARM's IDCODE (IR=4'b1110) is selected.
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9.4.1 IR Codes
Table 9-3. JTAG Instructions

Instruction Code[3:0] Instruction Summary

IDCODE 0000 Selects device identification register for shift

SAMPLE/PRELOAD 0010 Selects boundary scan register for shifting, sampling, and
preloading without disturbing functional operation

SAMPLE 0011 Selects boundary scan register for shifting and sampling
without disturbing functional operation

EXTEST 0100 Selects boundary scan register while applying preloaded
values to output pins and asserting functional reset

HIGHZ 1001 Selects bypass register while three-stating all output pins and
asserting functional reset

CLAMP 1100 Selects bypass register while applying preloaded values to
output pins and asserting functional reset

EZPORT 1101 Enables the EZPORT function for the SoC and asserts
functional reset.

ARM_IDCODE 1110 ARM JTAG-DP Instruction

BYPASS 1111 Selects bypass register for data operations

Factory debug reserved 0101, 0110, 0111 Intended for factory debug only

ARM JTAG-DP Reserved 1000, 1010, 1011, 1110 | These instructions will go the ARM JTAG-DP controller.

Please look at ARM JTAG-DP documentation for more
information on these instructions.

Reserved ' All other opcodes Decoded to select bypass register

1. The manufacturer reserves the right to change the decoding of reserved instruction codes in the future

9.5 JTAG status and control registers

Through the ARM Debug Access Port (DAP), the debugger has access to the status and
control elements, implemented as registers on the DAP bus as shown in the following
figure. These registers provide additional control and status for low power mode recovery
and typical run-control scenarios. The status register bits also provide a means for the
debugger to get updated status of the core without having to initiate a bus transaction
across the crossbar switch, thus remaining less intrusive during a debug session.

It is important to note that these DAP control and status registers are not memory mapped
within the system memory map and are only accessible via the Debug Access Port (DAP)
using JTAG, cJTAG, or SWD. The MDM-AP is accessible as Debug Access Port 1 with
the available registers shown in the table below.

Table 9-4. MDM-AP Register Summary

|Address | Register | Description

Table continues on the next page...
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Table 9-4. MDM-AP Register Summary (continued)

0x0100_0000 Status See MDM-AP Status Register
0x0100_0004 Control See MDM-AP Control Register
0x0100_00FC ID Read-only identification register that
always reads as 0x001C_0000
DPACC APACC A
Data[31:0] | A[3:2] | RnW| | Data[31:0] | A[3:2] | RnW|
o s o O
o © O O
X X X X
o O O o
T )
[a] = £
o
o 5|5 ®  SWJ-DP
.Z’ _% E:l e E _8 See the ARM Debug Interface v5p1 Supplement.
o | 2|lElo]3
Q glolo| 3 8
o' 1l
[a] elwl <=
o =l121a| =
o |[s|E|x]e
a|l21813
ol?o| o m
2l2[%]3 Generic
alol<]cx Debug Port
(DP) 4
]
¥
APSEL Data[31:0] | A[7:4] | A[3:2] | RnW| *
Decode yy 5 SELECT[31:24] (APSEL) selects the AP
| B SELECT[7:4] (APBANKSEL) selects the bank
c
o) A[3:2] from the APACC selects the register
< within the bank
\ A 4 \ 4 v <
- AHB-AP
§ R R SELECT[31:24] = 0x00 selects the AHB-AP
AHB Access Port © ° See ARM documentation for further details
(AHB-AP) MDM-AP =
) ° [E MDM-AP
® E SELECT[31:24] = 0x01 selects the MDM-AP
o =] A
SELECT[7:4] = 0x0 selects the bank with Status and Ctrl
4 A[3:2] = 2'b00 selects the Status Register
A[3:2] = 2'b01 selects the Control Register
Bus Matrix v J SELECT[?:4] = OxF selects the baqk with IDR
See Control and Satus Fbg'ser A[3:2] = 2 b11 selects the IDR Register
Descriptions (IDR register reads 0x001C_0000)

Figure 9-3. MDM AP Addressing
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9.5.1 MDM-AP Control Register
Table 9-5. MDM-AP Control register assignments

Bit

Name

Secure!

Description

Flash Mass Erase in Progress

Y

Set to cause mass erase. Cleared by hardware after mass erase
operation completes.

When mass erase is disabled (via MEEN and SEC settings), the erase
request does not occur and the Flash Mass Erase in Progress bit
continues to assert until the next system reset.

Debug Disable

Set to disable debug. Clear to allow debug operation. When set it
overrides the C_DEBUGEN bit within the DHCSR and force disables
Debug logic.

Debug Request

Set to force the Core to halt.

If the Core is in a stop or wait mode, this bit can be used to wakeup the
core and transition to a halted state.

System Reset Request

Set to force a system reset. The system remains held in reset until this
bit is cleared.

Core Hold Reset

Configuration bit to control Core operation at the end of system reset
sequencing.

0 Normal operation - release the Core from reset along with the rest of
the system at the end of system reset sequencing.

1 Suspend operation - hold the Core in reset at the end of reset
sequencing. Once the system enters this suspended state, clearing
this control bit immediately releases the Core from reset and CPU
operation begins.

VLLSx Debug Request
(VLLDBGREQ)

Set to configure the system to be held in reset after the next recovery
from a VLLSx mode.

This bit holds the in reset when VLLSx modes are exited to allow the
debugger time to re-initialize debug IP before the debug session
continues.

The Mode Controller captures this bit logic on entry to VLLSx modes.
Upon exit from VLLSx modes, the Mode Controller will hold the in reset
until VLLDBGACK is asserted.

The VLLDBGREQ bit clears automatically due to the POR reset
generated as part of the VLLSx recovery.

VLLSx Debug Acknowledge
(VLLDBGACK)

Set to release a being held in reset following a VLLSx recovery

This bit is used by the debugger to release the system reset when it is
being held on VLLSx mode exit. The debugger re-initializes all debug
IP and then assert this control bit to allow the Mode Controller to
release the from reset and allow CPU operation to begin.

The VLLDBGACK bit is cleared by the debugger or can be left set
because it clears automatically due to the POR reset generated as part
of the next VLLSXx recovery.

LLS, VLLSx Status Acknowledge

Set this bit to acknowledge the DAP LLS and VLLS Status bits have
been read. This acknowledge automatically clears the status bits.

This bit is used by the debugger to clear the sticky LLS and VLLSx
mode entry status bits. This bit is asserted and cleared by the
debugger.

Table continues on the next page...
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Table 9-5. MDM-AP Control register assignments (continued)

Bit Name Secure! Description

8 |Timestamp Disable N Set this bit to disable the 48-bit global trace timestamp counter during
debug halt mode when the core is halted.

0 The timestamp counter continues to count assuming trace is enabled
and the ETM is enabled. (default)

1 The timestamp counter freezes when the core has halted (debug halt
mode).

9 — |[Reserved for future use N
31

1. Command available in secure mode

9.5.2 MDM-AP Status Register
Table 9-6. MDM-AP Status register assignments

Bit Name Description

0 Flash Mass Erase Acknowledge The Flash Mass Erase Acknowledge bit is cleared after any system reset.
The bit is also cleared at launch of a mass erase command due to write of
Flash Mass Erase in Progress bit in MDM AP Control Register. The Flash
Mass Erase Acknowledge is set after Flash control logic has started the
mass erase operation.

When mass erase is disabled (via MEEN and SEC settings), an erase
request due to seting of Flash Mass Erase in Progress bit is not
acknowledged.

1 Flash Ready Indicate Flash has been initialized and debugger can be configured even if
system is continuing to be held in reset via the debugger.

2 System Security Indicates the security state. When secure, the debugger does not have
access to the system bus or any memory mapped peripherals. This bit
indicates when the part is locked and no system bus access is possible.

3 System Reset Indicates the system reset state.
0 System is in reset

1 System is not in reset

Reserved
Mass Erase Enable Indicates if the MCU can be mass erased or not
0 Mass erase is disabled
1 Mass erase is enabled
6 Backdoor Access Key Enable Indicates if the MCU has the backdoor access key enabled.
0 Disabled
1 Enabled

Table continues on the next page...
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Table 9-6. MDM-AP Status register assignments (continued)

Bit

Name

Description

LP Enabled

Decode of LPLLSM control bits to indicate that VLPS, LLS, or VLLSx are
the selected power mode the next time the ARM Core enters Deep Sleep.

0 Low Power Stop Mode is not enabled
1 Low Power Stop Mode is enabled

Usage intended for debug operation in which Run to VLPS is attempted.
Per debug definition, the system actually enters the Stop state. A
debugger should interpret deep sleep indication (with SLEEPDEEP and
SLEEPING asserted), in conjuntion with this bit asserted as the debugger-
VLPS status indication.

Very Low Power Mode

Indicates current power mode is VLPx. This bit is not ‘sticky’ and should
always represent whether VLPx is enabled or not.

This bit is used to throttle JTAG TCK frequency up/down.

LLS Mode Exit

This bit indicates an exit from LLS mode has occurred. The debugger will
lose communication while the system is in LLS (including access to this
register). Once communication is reestablished, this bit indicates that the
system had been in LLS. Since the debug modules held their state during
LLS, they do not need to be reconfigured.

This bit is set during the LLS recovery sequence. The LLS Mode Exit bit is
held until the debugger has had a chance to recognize that LLS was exited
and is cleared by a write of 1 to the LLS, VLLSx Status Acknowledge bit in
MDM AP Control register.

10

VLLSx Modes Exit

This bit indicates an exit from VLLSx mode has occurred. The debugger
will lose communication while the system is in VLLSx (including access to
this register). Once communication is reestablished, this bit indicates that
the system had been in VLLSx. Since the debug modules lose their state
during VLLSx modes, they need to be reconfigured.

This bit is set during the VLLSx recovery sequence. The VLLSx Mode Exit
bit is held until the debugger has had a chance to recognize that a VLLS
mode was exited and is cleared by a write of 1 to the LLS, VLLSx Status
Acknowledge bit in MDM AP Control register.

11-15

Reserved for future use

Always read 0.

16

Core Halted

Indicates the Core has entered debug halt mode

17

Core SLEEPDEEP

18

Core SLEEPING

Indicates the Core has entered a low power mode
SLEEPING==1 and SLEEPDEEP==0 indicates wait or VLPW mode.
SLEEPING==1 and SLEEPDEEP==1 indicates stop or VLPS mode.

19-31

Reserved for future use

Always read 0.

9.6 Debug Resets

The debug system receives the following sources of reset:

* JTAG_TRST_b from an external signal. This signal is optional and may not be

available in all packages.
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* Debug reset (CDBGRSTREQ bit within the SWJ-DP CTRL/STAT register) in the
TCLK domain that allows the debugger to reset the debug logic.

* TRST asserted via the cJTAG escape command.

* System POR reset

Conversely the debug system is capable of generating system reset using the following
mechanism:

* A system reset in the DAP control register which allows the debugger to hold the
system in reset.

* SYSRESETREQ bit in the NVIC application interrupt and reset control register

* A system reset in the DAP control register which allows the debugger to hold the
Core in reset.

9.7 AHB-AP

AHB-AP provides the debugger access to all memory and registers in the system,
including processor registers through the NVIC. System access is independent of the
processor status. AHB-AP does not do back-to-back transactions on the bus, so all
transactions are non-sequential. AHB-AP can perform unaligned and bit-band
transactions. AHB-AP transactions bypass the FPB, so the FPB cannot remap AHB-AP
transactions. SWJ/SW-DP-initiated transaction aborts drive an AHB-AP-supported
sideband signal called HABORT. This signal is driven into the Bus Matrix, which resets
the Bus Matrix state, so that AHB-AP can access the Private Peripheral Bus for last ditch
debugging such as read/stop/reset the core. AHB-AP transactions are little endian.

The MPU includes default settings and protections for the Region Descriptor 0 (RGDO0)
such that the Debugger always has access to the entire address space and those rights
cannot be changed by the core or any other bus master.

For a short period at the start of a system reset event the system security status is being
determined and debugger access to all AHB-AP transactions is blocked. The MDM-AP
Status register is accessible and can be monitored to determine when this initial period is
completed. After this initial period, if system reset is held via assertion of the RESET pin,
the debugger has access via the bus matrix to the private peripheral bus to configure the
debug IP even while system reset is asserted. While in system reset, access to other
memory and register resources, accessed over the Crossbar Switch, is blocked.
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9.8 ITM

The I'TM is an application-driven trace source that supports printf style debugging to
trace Operating System (OS) and application events, and emits diagnostic system
information. The ITM emits trace information as packets. There are four sources that can
generate packets. If multiple sources generate packets at the same time, the ITM
arbitrates the order in which packets are output. The four sources in decreasing order of
priority are:

1. Software trace -- Software can write directly to I'TM stimulus registers. This emits
packets.

2. Hardware trace -- The DWT generates these packets, and the ITM emits them.

3. Time stamping -- Timestamps are emitted relative to packets. The ITM contains a
21-bit counter to generate the timestamp. The Cortex-M4 clock or the bitclock rate of
the Serial Wire Viewer (SWV) output clocks the counter.

4. Global system timestamping. Timestamps can optionally be generated using a
system-wide 48-bit count value. The same count value can be used to insert
timestamps in the ETM trace stream, allowing coarse-grain correlation.

9.9 Core Trace Connectivity

The ETM and I'TM can route its data to the ETB or the TPIU. (See the MCM
(Miscellaneous Control Module) for controlling the routing to the TPIU.) This
configuration enables the use of trace with low cost tools while maintaining the
compatibility with trace probes. The arbitration between the ETM and I'TM is performed
inside the TPIU.

9.10 Embedded Trace Macrocell v3.5 (ETM)

The Cortex-M4 Embedded Trace Macrocell (ETM-M4) is a debug component that
enables a debugger to reconstruct program execution. The CoreSight ETM-M4 supports
only instruction trace. You can use it either with the Cortex-M4 Trace Port Interface Unit
(M4-TPIU), or with the CoreSight ETB.

The main features of an ETM are:

* tracing of 16-bit and 32-bit Thumb instructions
 four EmbeddedICE watchpoint inputs
* a Trace Start/Stop block with EmbeddedICE inputs
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one reduced function counter
two external inputs

a 24-byte FIFO queue

global timestamping

9.11 Coresight Embedded Trace Buffer (ETB)

The ETB provides on-chip storage of trace data using 32-bit RAM. The ETB accepts
trace data from any CoreSight-compliant component trace source with an ATB master
port, such as a trace source or a trace funnel. It is included in this device to remove

dependencies from the trace pin pad speed, and enable low cost trace solutions. The
TraceRAM size is 2 KB.

ATB
ATB slave port P i »  Formatter >
Trace RAM >
1‘ interface
4
P TraceRAM
TRIGIN > Control <«
(from ETM Trigger out) 7y 7 2
A 4 v A4
APB » Ai'/DfB e Register Bank

Figure 9-4. ETB Block Diagram

The ETB contains the following blocks:

* Formatter -- Inserts source ID signals into the data packet stream so that trace data
can be re-associated with its trace source after the data is read back out of the ETB.

* Control -- Control registers for trace capture and flushing.

* APB interface -- Read, write, and data pointers provide access to ETB registers. In
addition, the APB interface supports wait states through the use of a PREADYDBG
signal output by the ETB. The APB interface is synchronous to the ATB domain.

» Register bank -- Contains the management, control, and status registers for triggers,
flushing behavior, and external control.

» Trace RAM interface -- Controls reads and writes to the Trace RAM.
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9.11.1 Performance Profiling with the ETB

To create a performance profile (e.g. gprof) for the target application, a means to collect
trace over a long period of time is needed. The ETB buffer is too small to capture a
meaningful profile in just one take. What is needed is to collect and concatenate data
from the ETB buffer for multiple sequential runs. Using the ETB packet counter
(described in Miscellaneous Control Module (MCM)), the trace analysis tool can capture
multiple sequential runs by executing code until the ETB is almost full, and halting or
executing an interrupt handler to allow the buffer to be emptied, and then continuing
executing code. The target halts or executes an interrupt handler when the buffer is
almost full to empty the data and then the debugger runs the target again.

9.11.2 ETB Counter Control

The ETB packet counter is controlled by the ETB counter control register, ETB reload
register, and ETB counter value register implemented in the Miscellaneous Control
Module (MCM) accessible via the Private Peripheral Bus. Via the ETB counter control
register the ETB control logic can be configured to cause an MCM Alert Interrupt, an
NMI Interrupt, or cause a Debug halt when the down counter reaches 0. Other features of
the ETB control logic include:

* Down counter to count as many as 512 x 32-bit packets.

* Reload request transfers reload value to counter.

e ATB valid and ready signals used to form counter decrement.
* The counter disarms itself when the count reaches 0.

9.12 TPIU

The TPIU acts as a bridge between the on-chip trace data from the Embedded Trace
Macrocell (ETM) and the Instrumentation Trace Macrocell (ITM), with separate IDs, to a

data stream, encapsulating IDs where required, that is then captured by a Trace Port
Analyzer (TPA). The TPIU is specially designed for low-cost debug.

9.13 DWT
The DWT is a unit that performs the following debug functionality:
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* It contains four comparators that you can configure as a hardware watchpoint, an
ETM trigger, a PC sampler event trigger, or a data address sampler event trigger. The
first comparator, DWT_COMPO, can also compare against the clock cycle counter,
CYCCNT. The second comparator, DWT_COMPI, can also be used as a data
comparator.

* The DWT contains counters for:

* Clock cycles (CYCCNT)

* Folded instructions

* Load store unit (LSU) operations

 Sleep cycles

* CPI (all instruction cycles except for the first cycle)
* Interrupt overhead

NOTE

An event is emitted each time a counter overflows.

* The DWT can be configured to emit PC samples at defined intervals, and to emit
interrupt event information.

9.14 Debug in Low Power Modes

In low power modes in which the debug modules are kept static or powered off, the
debugger cannot gather any debug data for the duration of the low power mode. In the
case that the debugger is held static, the debug port returns to full functionality as soon as
the low power mode exits and the system returns to a state with active debug. In the case
that the debugger logic is powered off, the debugger is reset on recovery and must be
reconfigured once the low power mode is exited.

Power mode entry logic monitors Debug Power Up and System Power Up signals from
the debug port as indications that a debugger is active. These signals can be changed in
RUN, VLPR, WAIT and VLPW. If the debug signal is active and the system attempts to
enter stop or VLPS, FCLK continues to run to support core register access. In these
modes in which FCLK is left active the debug modules have access to core registers but
not to system memory resources accessed via the crossbar.

With debug enabled, transitions from Run directly to VLPS are not allowed and result in
the system entering Stop mode instead. Status bits within the MDM-AP Status register
can be evaluated to determine this pseudo-VLPS state. Note with the debug enabled,
transitions from Run--> VLPR --> VLPS are still possible but also result in the system
entering Stop mode instead.
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In VLLS mode all debug modules are powered off and reset at wakeup. In LLS mode, the
debug modules retain their state but no debug activity is possible.

NOTE
When using cJTAG and entering LLS mode, the cJTAG
controller must be reset on exit from LLS mode.

Going into a VLLSx mode causes all the debug controls and settings to be reset. To give
time to the debugger to sync up with the HW, the MDM-AP Control register can be
configured hold the system in reset on recovery so that the debugger can regain control
and reconfigure debug logic prior to the system exiting reset and resuming operation.

9.14.1 Debug Module State in Low Power Modes

The following table shows the state of the debug modules in low power modes. These
terms are used:

* FF = Full functionality. In VLPR and VLPW the system frequency is limited, but if a
module does not have a limitation in its functionality, it is still listed as FF.

* static = Module register states and associated memories are retained.

* OFF = Modules are powered off; module is in reset state upon wakeup.

Table 9-7. Debug Module State in Low Power Modes

Module STOP VLPR VLPW VLPS LLS VLLSx
Debug Port FF FF FF OFF static OFF
AHB-AP FF FF FF OFF static OFF
IT™ FF FF FF OFF static OFF
TPIU FF FF FF OFF static OFF
DWT FF FF FF OFF static OFF

9.15 Debug & Security

When security is enabled (FSEC[SEC] != 10), the debug port capabilities are limited in
order to prevent exploitation of secure data. In the secure state the debugger still has
access to the MDM-AP Status Register and can determine the current security state of the
device. In the case of a secure device, the debugger also has the capability of performing
a mass erase operation via writes to the MDM-AP Control Register. In the case of a
secure device that has mass erase disabled (FSEC[MEEN] = 10), attempts to mass erase
via the debug interface are blocked.
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Chapter 10
Signal Multiplexing and Signal Descriptions

10.1 Introduction

To optimize functionality in small packages, pins have several functions available via
signal multiplexing. This chapter illustrates which of this device's signals are multiplexed
on which external pin.

The Port Control block controls which signal is present on the external pin. Reference
that chapter to find which register controls the operation of a specific pin.

10.2 Signal Multiplexing Integration

This section summarizes how the module is integrated into the device. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus
controller 1

Register
access

- Transfers Transfers
e

Signal Multiplexing/ |~ o &
: : Port Control : . g
I ———

Figure 10-1. Signal multiplexing integration

Table 10-1. Reference links to related information

Topic Related module Reference
Full description Port control Port control
System memory map System memory map

Table continues on the next page...
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Table 10-1. Reference links to related information (continued)

Topic Related module Reference
Clocking Clock Distribution
Register access Peripheral bus Peripheral bridge
controller

10.2.1 Port control and interrupt module features
* Five 32-pin ports
NOTE

Not all pins are available on the device. See the following
section for details.

* Each 32-pin port is assigned one interrupt.

10.2.2 PCRnN reset values for port A
PCRn bit reset values for port A are 1 for the following bits:

e For PCRO: bits 1, 6, 8, 9, and 10.
e For PCR1 to PCR4: bits 0, 1, 6, 8, 9, and 10.
e For PCRS5 : bits O, 1, and 6.

All other PCRn bit reset values for port A are 0.

10.2.3 Clock gating

The clock to the port control module can be gated on and off using the SCGC5[PORTXx]
bits in the SIM module. These bits are cleared after any reset, which disables the clock to
the corresponding module to conserve power. Prior to initializing the corresponding
module, set SCGCS5[PORTX] in the SIM module to enable the clock. Before turning off
the clock, make sure to disable the module. For more details, refer to the clock
distribution chapter.

10.2.4 Signal multiplexing constraints
1. A given peripheral function must be assigned to a maximum of one package pin. Do
not program the same function to more than one pin.
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2. To ensure the best signal timing for a given peripheral's interface, choose the pins in
closest proximity to each other.

10.3 Pinout

10.3.1 K22 Signal Multiplexing and Pin Assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The Port Control Module is responsible
for selecting which ALT functionality is available on each pin.

NOTE

* The analog input signals ADCO_DP2 and ADC0O_DM?2 on
PTE2 and PTE3 are available only for K21 and K22
devices and are not present on K10 and K20 devices.

* The TRACE signals on PTEO, PTE1, PTE2, PTE3, and
PTE4 are available only for K11, K12, K21, and K22
devices and are not present on K10 and K20 devices.

* If the VBAT pin is not used, the VBAT pin should be left
floating. Do not connect VBAT pin to VSS.

* The FTM_CLKIN signals on PTB16 and PTB17 are
available only for K11, K12, K21, and K22 devices and is
not present on K10 and K20 devices. For K22D devices
this signal is on ALT7, and for K22F devices, this signal is
on ALT4.

e The FTMO_CH2 signal on PTC5/LLWU_P9 is available
only for K11, K12, K21, and K22 devices and is not
present on K10 and K20 devices.

e The I2C0O_SCL signal on PTD2/LLWU_P13 and
[12CO_SDA signal on PTD3 are available only for K11,
K12, K21, and K22 devices and are not present on K10 and
K20 devices.

64 Pin Name Default ALTO ALTY ALT2 ALT3 ALT4 ALTS ALT6 ALT7 EzPort
LQFP

1 | PTEO ADC1_SE4a | ADC1_SE4a | PTEQ UART1_TX TRACE_ 12C1_SDA RTC_CLKOUT
CLKOUT

2 | PTEY ADC1_SE5a | ADC1_SE5a | PTE1/ UART1_RX TRACED3 | 12C1_SCL
LLWU_PO LLWU_PO

3 | VDD VDD VDD
4 | VSS V88 VSS
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64 Pin Name Default ALTO ALTY ALT2 ALTS ALT4 ALTS ALT6 ALT7 EzPort
LQFP

5 | USBO_DP USB0_DP USB0_DP
USB0_DM USB0_DM USB0_DM
VOUTS3 VOUT33 VOUT33
VREGIN VREGIN VREGIN

ADCO_DPO/ | ADCO_DPO/ | ADCO_DPO/
ADC1_DP3 | ADC1_DP3 | ADC1_DP3

10 | ADCO_DMO/ | ADCO_DMO/ | ADCO_DM0/
ADC1_DM3 | ADC1_DM3 | ADC1_DM3

11 | ADC1_DPO/ | ADC1_DPO/ | ADC1_DPO/
ADCO_DP3 | ADCO_DP3 | ADC0_DP3

12 | ADCI_DMO/ | ADC1_DMO/ | ADC1_DMO/
ADCO_DM3 | ADCO_DM3 | ADCO_DMS3

© | | | o

13 | VDDA VDDA VDDA
14 | VREFH VREFH VREFH
15 | VREFL VREFL VREFL
16 | VSSA VSSA VSSA

17 | VREFOUT/ | VREF_OUT/ | VREF_OUT/
CMP1_INS/ | CMP1_IN5/ | CMP1_IN5/
CMPO_INS/ | CMPO_INS/ | CMPO_IN5/
ADC1_SE18 | ADC1_SE18 | ADC1_SE18

18 | DACO_OUT/ | DACO_OUT/ | DACO_OUT/
CMP1_INY/ | CMP1_IN3/ | CMP1_IN3/
ADCO_SE23 | ADCO_SE23 | ADCO_SE23

19 | XTALR2 XTAL32 XTAL32
20 | EXTAL32 EXTAL32 EXTAL32

21 | VBAT VBAT VBAT

2 | PTAD JTAG_TCLK/ PTAO UART0_CTS_ | FTM0_CH5 JTAG_TCLK/ | EZP_CLK
SWD_CLK/ bl SWD_CLK
EZP_CLK UART0_COL b

23 | PTA1 JTAG_TDI/ PTA1 UARTO_RX | FTM0_CH6 JTAG_TDI EZP_DI
EzP DI

4 | PTA2 JTAG_TDO/ PTA?2 UARTO_TX FTM0_CH7 JTAG_TDO/ | EZP_DO
TRAGE_SWO/ TRACE_SWO
EzP_DO

25 | PTA3 JTAG_TMS/ PTA3 UARTO_RTS b | FTM0_CHO JTAG_TMS/
SWD_DIO SWD_DIO

26 | PTA NMI_b/ PTAY/ FTM0_CHT NMI_b EZP CS b

LLWU_P3 EZP_CS b LLWU_P3
21 | PTAS DISABLED PTAS USB_CLKIN | FTM0_CH2 CMP2_OUT | I250_TX_BCLK | JTAG_TRST_b
28 | PTA12 CMP2_INO CMP2_INO PTA12 CANO_TX FTM1_CHO 2C2_SCL [280_TXDO | FTM1_QD_
PHA
29 | PTA1Y CMP2_IN1 CMP2_IN1 PTA1Y/ CANO_RX FTM1_CH 2G2_SDA [280_TX_FS | FTM1_QD_
LLWU_P4 LLWU_P4 PHB

30 | VDD VDD VDD

3 | VSS V88 (B8

32 | PTA18 EXTALO EXTALO PTA18 FTMO_FLT2 | FTM_CLKINO
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64 Pin Name Default ALTO ALTY ALT2 ALTS ALT4 ALTS ALT6 ALT7 EzPort
LQFP
33 | PTA19 XTALO XTALO PTA19 FTM1_FLTO | FTM_CLKIN1 LPTMRO_ALT
3 | RESET b RESET b RESET b
3 | PTBO/ ADCO_SES/ | ADCO_SE§/ | PTBU/ 120_SCL FTM1_CHO FTM1_QD_
LLWU_P5 ADC1_SE8 | ADC1_SE8 | LLWU_P5 PHA
3% | PTB1 ADCO_SEY | ADCO_SEY | PTBI 12C0_SDA FTM1_CHT FTMI_QD_
ADC1_SE9 | ADC1_SE9 PHB
37 | PTB2 ADCO_SE12 | ADCO_SE12 | PTB2 120_SCL UARTO_RTS b FTMO_FLTS
3 | PTBS ADCO_SE13 | ADCO_SE13 | PTB3 12C0_SDA UART0_CTS_ FTMO_FLTO
b/
UART0_COL b
39 | PTB16 DISABLED PTB16 UARTO_RX | FTM_CLKINO | FB_AD17 EWM_IN
40 | PTBI7 DISABLED PTB17 UARTO_TX | FTM_CLKINT | FB_AD16 EWM_OUT_b
4 | PTB18 DISABLED PTB18 CANO_TX FTM2_CHO | 1250_TX_BCLK | FB_AD15 FTM2_QD_
PHA
42 | PTB19 DISABLED PTB19 CANO_RX FTM2_CH! [250_TX FS | FB_OEb FTM2_QD_
PHB
43 | PTCO ADCO_SE14 | ADCO_SEt4 | PTCO SPIO_PCS4 | PDBO_EXTRG FB_AD14 [250_TXD1
44 | PTCY/ ADCO_SE15 | ADCO_SE15 | PTCY/ SPIO_PCS3 | UART1_RTSb | FTMO_CHO | FB_AD13 280_TXDO
LLWU_P6 LLWU_P6
45 | PTC2 ADCO_SE4b/ | ADCO_SE4b/ | PTC2 SPIO_PCS2 | UART1_CTS_b | FTMO_CH! FB_AD12 [280_TX_FS
CMP1_INO CMP1_INO
46 | PTCY CMP1_IN1 CMP1_IN1 PTCY SPIO_PCS | UARTI_RX | FTMO_CH2 | CLKOUT [280_TX_BCLK
LLWU_P7 LLWU_P7
47 | VSS VSS VSS
48 | VDD VDD \DD
49 | PTC4 DISABLED PTC4 SPIO_PCSO | UARTI_TX | FTMOCH3 | FB_AD11 CMP1_OUT
LLWU_P8 LLWU_P8
50 | PTCY/ DISABLED PTCS/ SPI0_SCK LPTMRO_ALT2 | 1250_RXDO | FB_AD10 CMPO_OUT | FTM0_CH2
LLWU_P9 LLWU_P9
51| PTCE/ CMPO_INO CMPO_INO PTCE/ SPI0_SOUT | PDBO_EXTRG | 1280_RX_BCLK | FB_AD9 280_MCLK
LLWU_P10 LLWU_P10
52 | PTC7 CMPO_IN1 CMPO_IN1 PTC7 SPI0_SIN USB_SOF_ | I2S0_RX_FS | FB_ADS
out
53 | PTC8 ADC1_SE4b/ | ADC1_SE4b/ | PTC8 FTM3_CH4 | I2S0.MCLK | FB_AD7
CMPO_IN2 CMPO_IN2
54 | PTCY ADC1_SESb/ | ADC1_SES/ | PTC9 FTM3_CH5 | 12S0_RX_BCLK | FB_AD6 FTM2_FLTO
CMPO_IN3 CMPO_IN3
55 | PTC10 ADC1_SE6b | ADC1_SE6b | PTC10 12C1_SCL FTM3_CH6 | I2S0_RX_FS | FB_AD5
5 | PTC1/ ADC1_SE7b | ADC1_SE7b | PTCH1/ [2C1_SDA FTM3_CH7 | 12S0_RXD1 | FB_RW.b
LLWU_P11 LLWU_P11
57 | PTDO/ DISABLED PTDO/ SPI_PCS0 | UART2_RTSb | FTM3 CHO | FB_ALE/
LLWU_P12 LLWU_P12 FB_CS1_b/
FB_TS b
5 | PTD1 ADCO_SESb | ADCO_SE5b | PTDH SPI0_SCK UART2_CTS b | FTM3_CH1 FB_CS0_b
59 | PTDY DISABLED PTD/ SPIO_SOUT | UART2.RX | FTM3.CH2 | FB_AD4 12C0_SCL
LLWU_P13 LLWU_P13
60 | PTD3 DISABLED PTD3 SPI0_SIN UART2.TX | FTM3.CH3 | FB_AD3 12C0_SDA
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61 | PTD4/ DISABLED PTD4/ SPI0_PCST UARTO_RTS_b | FTMO0_CH4 FB_AD2 EWM_IN
LLWU_P14 LLWU_P14
62 | PTD5 ADCO_SE6b | ADCO_SE6b | PTD5 SPI0_PCS2 UARTO_CTS_ | FTMO0_CH5 FB_AD1 EWM_OUT_b
b/
UARTO_COL_b
63 | PTD6/ ADCO_SE7b | ADCO_SE7h | PTDG/ SPI0_PCS3 UARTO_RX FTM0_CH6 FB_ADO FTMO_FLTO
LLWU_P15 LLWU_P15
64 | PTD7 DISABLED PTD7 CMT_IRO UARTO_TX FTMO0_CH7 FTMO_FLT

10.3.2 K22 Pinouts

The below figure shows the pinout diagram for the devices supported by this document.
Many signals may be multiplexed onto a single pin. To determine what signals can be
used on which pin, see the previous section.
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Figure 10-2. K22 64 LQFP Pinout Diagram

The following sections correlate the chip-level signal name with the signal name used in
the module's chapter. They also briefly describe the signal function and direction.
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10.4.1 Core Modules
Table 10-2. JTAG Signal Descriptions

Chip signal name Module signal Description /0
name
JTAG_TMS JTAG_TMS/ JTAG Test Mode Selection I/0
SWD_DIO
JTAG_TCLK JTAG_TCLK/ JTAG Test Clock
SWD_CLK
JTAG_TDI JTAG_TDI JTAG Test Data Input I
JTAG_TDO JTAG_TDO/ JTAG Test Data Output (0]
TRACE_SWO
JTAG_TRST JTAG_TRST_b  |JTAG Reset
Table 10-3. SWD Signal Descriptions
Chip signal name Module signal Description /0
name
SWD_DIO JTAG_TMS/ Serial Wire Data I/O
SWD_DIO
SWD_CLK JTAG_TCLK/ Serial Wire Clock
SWD_CLK
Table 10-4. TPIU Signal Descriptions
Chip signal name Module signal Description /0
name
TRACE_SWO JTAG_TDO/ Trace output data from the ARM CoreSight debug block over a (0]
TRACE_SWO single pin
10.4.2 System Modules
Table 10-5. System Signal Descriptions
Chip signal name Module signal Description /0
name
NMI — Non-maskable interrupt
NOTE: Driving the NMI signal low forces a non-maskable
interrupt, if the NMI function is selected on the
corresponding pin.
RESET — Reset bi-directional signal I/0
VDD — MCU power I
VSS — MCU ground I
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Table 10-6. EWM Signal Descriptions

Chip signal name Module signal Description /0
name
EWM_IN EWM_in EWM input for safety status of external safety circuits. The polarity

of EWM_in is programmable using the EWM_CTRL[ASSIN] bit. The
default polarity is active-low.

EWM_OUT EWM_out EWM reset out signal (0]

10.4.3 Clock Modules
Table 10-7. OSC Signal Descriptions

Chip signal name Module signal Description /0
name
EXTALO EXTAL External clock/Oscillator input I
XTALO XTAL Oscillator output o]

Table 10-8. RTC OSC Signal Descriptions

Chip signal name Module signal Description /0
name
EXTAL32 EXTAL32 32.768 kHz oscillator input I
XTAL32 XTAL32 32.768 kHz oscillator output (0]

10.4.4 Memories and Memory Interfaces
Table 10-9. EzPort Signal Descriptions

Chip signal name Module signal Description /0
name
EZP_CLK EZP_CK EzPort Clock Input
EZP_CS EZP_CS EzPort Chip Select Input
EZP_DI EZP_D EzPort Serial Data In Input
EZP_DO EZP_Q EzPort Serial Data Out Output

K22 Sub-Family Reference Manual, Rev. 4, November 2014

Freescale Semiconductor, Inc. 225



A 4
4\ |

mouudle Signal Description Tables

Table 10-10. FlexBus Signal Descriptions

Chip signal name

Module signal
name

Description

Te}

CLKOUT

FB_CLK

0]

FlexBus
Clock
Output

FB_AD[31:0]

FB_D31-FB_DO

Data Bus—During the first cycle, this bus drives the upper address
byte, addr[31:24].

When FlexBus is used in a nonmultiplexed configuration, this is the
data bus, FB_D. When FlexBus is used in a multiplexed
configuration, this is the address and data bus, FB_AD.

The number of byte lanes carrying the data is determined by the
port size associated with the matching chip-select.

When FlexBus is used in a multiplexed configuration, the full 32-bit
address is driven on the first clock of a bus cycle (address phase).
After the first clock, the data is driven on the bus (data phase).
During the data phase, the address is driven on the pins not used
for data. For example, in 16-bit mode, the lower address is driven
on FB_AD15-FB_ADQO, and in 8-bit mode, the lower address is
driven on FB_AD23-FB_ADO.

I/0

General Purpose Chip-Selects—Indicate which external memory or
peripheral is selected. A particular chip-select is asserted when the
transfer address is within the external memory's or peripheral's
address space, as defined in CSAR[BA] and CSMR[BAM].

FB_BE31_24_BLS7_

(=]

FB_BE23_16_BLS15

_8

FB_BE15_8_BLS23_

-
5

BLS31_2

FB_BE7_

»O

FB_BE_31_24
FB_BE_23_16
FB_BE_15_8
FB_BE_7_0

Byte Enables—Indicate that data is to be latched or driven onto a
specific byte lane of the data bus. CSCR[BEM] determines if these
signals are asserted on reads and writes or on writes only.

For external SRAM or flash devices, the FB_BE outputs should be
connected to individual byte strobe signals.

FB_OE

Output Enable—Sent to the external memory or peripheral to
enable a read transfer. This signal is asserted during read accesses
only when a chip-select matches the current address decode.

FB_LRW

Read/Write—Indicates whether the current bus operation is a read
operation (FB_R/W high) or a write operation (FB_R/W low).

FB_TS/FB_ALE

Transfer Start—Indicates that the chip has begun a bus transaction
and that the address and attributes are valid.

An inverted FB_TS is available as an address latch enable
(FB_ALE), which indicates when the address is being driven on the
FB_AD bus.

FB_TS/FB_ALE is asserted for one bus clock cycle.

The chip can extend this signal until the first positive clock edge
after FB_CS asserts. See CSCR[EXTS] and Extended Transfer
Start/Address Latch Enable.

Table continues on the next page...

K22 Sub-Family Reference Manual, Rev. 4, November 2014

226 Freescale Semiconductor, Inc.



g |

. ___________________________________________________________________________4
Chapter 10 Signal Multiplexing and Signal Descriptions

Table 10-10. FlexBus Signal Descriptions

(continued)
Chip signal name Module signal Description /0
name
FB_TSIZ[1:0] FB_TSIZ1-FB_TSIZO0 | Transfer Size—Indicates (along with FB_TBST) the data transfer (0]

size of the current bus operation. The interface supports 8-, 16-,
and 32-bit operand transfers and allows accesses to 8-, 16-, and
32-bit data ports.

* 00b = 4 bytes

* 01b =1 byte

* 10b = 2 bytes

* 11b = 16 bytes (line)

For misaligned transfers, FB_TSIZ1-FB_TSIZO0 indicate the size of
each transfer. For example, if a 32-bit access through a 32-bit port
device occurs at a misaligned offset of 1h, 8 bits are transferred first
(FB_TSIZ1-FB_TSIZ0 = 01b), 16 bits are transferred next at offset
2h (FB_TSIZ1-FB_TSIZ0 = 10b), and the final 8 bits are transferred
at offset 4h (FB_TSIZ1-FB_TSIZ0 = 01b).

For aligned transfers larger than the port size, FB_TSIZ1—-
FB_TSIZ0 behave as follows:

e If bursting is used, FB_TSIZ1-FB_TSIZ0 are driven to the
transfer size.

e If bursting is inhibited, FB_TSIZ1-FB_TSIZO0 first show the
entire transfer size and then show the port size.

For burst-inhibited transfers, FB_TSIZ1-FB_TSIZ0 change with
each FB_TS assertion to reflect the next transfer size.

For transfers to port sizes smaller than the transfer size,
FB_TSIZ1-FB_TSIZO0 indicate the size of the entire transfer on the
first access and the size of the current port transfer on subsequent
transfers. For example, for a 32-bit write to an 8-bit port,
FB_TSIZ1-FB_TSIZ0 are 00b for the first transaction and 01b for
the next three transactions. If bursting is used for a 32-bit write to
an 8-bit port, FB_TSIZ1-FB_TSIZ0 are driven to 00b for the entire
transfer.

Table continues on the next page...
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Table 10-10. FlexBus Signal Descriptions
(continued)

Chip signal name

Module signal Description /0
name

FB_TA

FB_TA Transfer Acknowledge—Indicates that the external data transfer is
complete. When FB_TA is asserted during a read transfer, FlexBus
latches the data and then terminates the transfer. When FB_TA is
asserted during a write transfer, the transfer is terminated.

If auto-acknowledge is disabled (CSCR[AA] = 0), the external
memory or peripheral drives FB_TA to terminate the transfer. If
auto-acknowledge is enabled (CSCR[AA] = 1), FB_TA is generated
internally after a specified number of wait states, or the external
memory or peripheral may assert external FB_TA before the wait-
state countdown to terminate the transfer early. The chip deasserts
FB_CS one cycle after the last FB_TA is asserted. During read
transfers, the external memory or peripheral must continue to drive
data until FB_TA is recognized. For write transfers, the chip
continues driving data one clock cycle after FB_CS is deasserted.

The number of wait states is determined by CSCR or the external
FB_TA input. If the external FB_TA is used, the external memory or
peripheral has complete control of the number of wait states.

Note: External memory or peripherals should assert FB_TA only
while the FB_CS signal to the external memory or
peripheral is asserted.

The CSPMCR register controls muxing of FB_TA with other
signals. If auto-acknowledge is not used and CSPMCR
does not allow FB_TA control, FlexBus may hang.

FB_TBST

FB_TBST Transfer Burst—Indicates that a burst transfer is in progress as (0]
driven by the chip. A burst transfer can be 2 to 16 beats depending
on FB_TSIZ1-FB_TSIZ0 and the port size.

Note: When a burst transfer is in progress (FB_TBST = 0Ob), the
transfer size is 16 bytes (FB_TSIZ1-FB_TSIZ0 = 11b), and
the address is misaligned within the 16-byte boundary, the
external memory or peripheral must be able to wrap around
the address.

10.4.5 Analog

Table 10-11. ADC 0 Signal Descriptions

Chip signal name Module signal Description /0
name
ADCO_DPo, DADP3-DADPO |Differential Analog Channel Inputs
ADCO_DP3
ADCO0_DMO, DADM3-DADMO |Differential Analog Channel Inputs
ADCO_DM3

ADCO_SEn[15:12,9:4
]

ADn Single-Ended Analog Channel Inputs

Table continues on the next page...
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Table 10-11. ADC 0 Signal Descriptions (continued)

Chip signal name Module signal Description /0
name
VREFH VREFSH Voltage Reference Select High I
VREFL VREFsL Voltage Reference Select Low I
VDDA Vppa Analog Power Supply I
VSSA Vssa Analog Ground |
Table 10-12. ADC 1 Signal Descriptions
Chip signal name Module signal Description /0
name
ADC1_DP3, DADP3-DADPO Differential Analog Channel Inputs
ADC1_DPO
ADC1_DMS, DADM3-DADMO |Differential Analog Channel Inputs
ADC1_DMO
ADC1_SE[9:4] ADn Single-Ended Analog Channel Inputs I
VREFH VREFSH Voltage Reference Select High I
VREFL VREFsL Voltage Reference Select Low I
VDDA Vppa Analog Power Supply I
VSSA Vssa Analog Ground |
Table 10-13. CMP 0 Signal Descriptions
Chip signal name Module signal Description /0
name
CMPO_IN[5:0] IN[5:0] Analog voltage inputs I
CMPO_OUT CMPO Comparator output (0]
Table 10-14. CMP 1 Signal Descriptions
Chip signal name Module signal Description /0
name
CMP1_IN[5:0] IN[5:0] Analog voltage inputs I
CMP1_OUT CMPO Comparator output (0]
Table 10-15. CMP 2 Signal Descriptions
Chip signal name Module signal Description /0
name
CMP2_IN[5:0] IN[5:0] Analog voltage inputs I
CMP2_OUT CMPO Comparator output (0]
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Table 10-16. DAC 0 Signal Descriptions

Chip signal name Module signal Description /0
name
DACO_OUT — DAC output (0]
Table 10-17. VREF Signal Descriptions
Chip signal name Module signal Description /0
name
VREF_OUT VREF_OUT Internally-generated Voltage Reference output (0]
10.4.6 Timer Modules
Table 10-18. FTM 0 Signal Descriptions
Chip signal name Module signal Description /0
name
FTM_CLKINI[1:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
FTMO_CH][7:0] CHn FTM channel (n), where n can be 7-0 I/0
FTMO_FLT[3:0] FAULT,] Fault input (j), where j can be 3-0 I
Table 10-19. FTM 1 Signal Descriptions
Chip signal name Module signal Description /0
name
FTM_CLKIN[1:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
FTM1_CH[1:0] CHn FTM channel (n), where n can be 7-0 I/0
FTM1_FLTO FAULT,] Fault input (j), where j can be 3-0 I
FTM1_QD_PHA PHA Quadrature decoder phase A input. Input pin associated with I
quadrature decoder phase A.
FTM1_QD_PHB PHB Quadrature decoder phase B input. Input pin associated with
quadrature decoder phase B.
Table 10-20. FTM 2 Signal Descriptions
Chip signal name Module signal Description /0
name
FTM_CLKIN[1:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
FTM2_CH[1:0] CHn FTM channel (n), where n can be 7-0 I/O
FTM2_FLTO FAULT] Fault input (j), where j can be 3-0 I

Table continues on the next page...
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Table 10-20. FTM 2 Signal Descriptions (continued)
Chip signal name Module signal Description /0
name
FTM2_QD_PHA PHA Quadrature decoder phase A input. Input pin associated with
quadrature decoder phase A.
FTM2_QD_PHB PHB Quadrature decoder phase B input. Input pin associated with
quadrature decoder phase B.
Table 10-21. FTM 3 Signal Descriptions
Chip signal name Module signal Description /0
name
FTM_CLKIN[1:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
FTM3_CH[7:0] CHn FTM channel (n), where n can be 7-0 I/0
FTM3_FLT[3:0] FAULT,] Fault input (j), where j can be 3-0 I
Table 10-22. CMT Signal Descriptions
Chip signal name Module signal Description /0
name
CMT_IRO CMT_IRO Infrared Output (0]
Table 10-23. PDB 0 Signal Descriptions
Chip signal name Module signal Description /0
name
PDBO_EXTRG EXTRG External Trigger Input Source
If the PDB is enabled and external trigger input source is selected,
a positive edge on the EXTRG signal resets and starts the counter.
Table 10-24. LPTMR 0 Signal Descriptions
Chip signal name Module signal Description /0
name
LPTMRO_ALT[:1] LPTMR_ALTn Pulse Counter Input pin
Table 10-25. RTC Signal Descriptions
Chip signal name Module signal Description /0
name
VBAT — Backup battery supply for RTC and VBAT register file I
RTC_CLKOUT RTC_CLKOUT 1 Hz square-wave output (0]
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10.4.7 Communication Interfaces
Table 10-26. USB FS OTG Signal Descriptions

Chip signal name Module signal Description /0
name
USB0_DM usb_dm USB D- analog data signal on the USB bus. I/0
USBO_DP usb_dp USB D+ analog data signal on the USB bus. I/0
USB_CLKIN — Alternate USB clock input I
USB_SOF_OUT — USB start of frame signal. Can be used to make the USB start of (0]
frame available for external synchronization.

Table 10-27. USB VREG Signal Descriptions

Chip signal name Module signal Description /0
name
VOUT33 reg33_out Regulator output voltage (0]
VREGIN reg33_in Unregulated power supply I

Table 10-28. CAN 0 Signal Descriptions

Chip signal name Module signal Description /0
name
CANO_RX CAN Rx CAN Receive Pin Input
CANO_TX CAN Tx CAN Transmit Pin Output

Table 10-29. SPI 0 Signal Descriptions

Chip signal name Module signal Description /0
name
SPI0_PCSO0 PCS0/SS Peripheral Chip Select 0 output I/0
SPI0_PCS[3:1] PCS[3:1] Peripheral Chip Select 1 -3 (0]
SPIO_PCS4 PCS4 Peripheral Chip Select 4 (0]
SPI0_PCS5 PCS5/ PCSS Peripheral Chip Select 5 /Peripheral Chip Select Strobe (0]
SPIO_SIN SIN Serial Data In I

SPIO_SOUT SOUT Serial Data Out (0]
SPI0_SCK SCK Master mode: Serial Clock (output) I/0

Table 10-30. I2C 0 Signal Descriptions

Chip signal name Module signal Description /0
name
12C0_SCL SCL Bidirectional serial clock line of the 12C system. I/0

Table continues on the next page...
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Table 10-30. I2C 0 Signal Descriptions (continued)

Chip signal name Module signal Description /0
name
12C0_SDA SDA Bidirectional serial data line of the I2C system. I/0
Table 10-31. UART 0 Signal Descriptions
Chip signal name Module signal Description /0
name
UARTO_CTS CTS Clear to send I
UARTO_RTS RTS Request to send 0
UARTO_TX TXD Transmit data (6]
UARTO_RX RXD Receive data I
Table 10-32. UART 1 Signal Descriptions
Chip signal name Module signal Description /0
name
UART1_CTS CTS Clear to send I
UART1_RTS RTS Request to send o]
UART1_TX TXD Transmit data (0]
UART1_RX RXD Receive data I
Table 10-33. UART 2 Signal Descriptions
Chip signal name Module signal Description /0
name
UART2_CTS CTS Clear to send I
UART2_RTS RTS Request to send (0]
UART2_TX TXD Transmit data (0]
UART2_RX RXD Receive data |
Table 10-34. 12S0 Signal Descriptions
Chip signal name Module signal Description /0
name
12S0_MCLK SAI_MCLK Audio Master Clock I/0
1250_RX_BCLK SAI_RX_BCLK Receive Bit Clock I/O
12S0_RX_FS SAI_RX_SYNC Receive Frame Sync I/0
1250_RXD SAI_RX_DATA[1:0] |Receive Data I
12S0_TX_BCLK SAI_TX_BCLK Transmit Bit Clock I/O
I2S0_TX_FS SAI_TX_SYNC Transmit Frame Sync I/0
12S0_TXD SAI_TX_DATA[1:0] |Transmit Data o]
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10.4.8 Human-Machine Interfaces (HMI)
Table 10-35. GPIO Signal Descriptions

Chip signal name Module signal Description /0
name

PTA[31:0] PORTA31-PORTAOQ |General-purpose input/output I/0

PTB[31:0] PORTB31-PORTBO |General-purpose input/output I/0

PTC[31:0]" PORTC31-PORTCO | General-purpose input/output I/0

PTD[31:0] PORTD31-PORTDO |General-purpose input/output I/0

PTE[31:0] PORTE31-PORTEO |General-purpose input/output I/0

1. The available GPIO pins depends on the specific package. See the signal multiplexing section for which exact GPIO
signals are available.
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Chapter 11
Port control and interrupts (PORT)

11.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

11.2 Overview

The port control and interrupt (PORT) module provides support for port control, digital
filtering, and external interrupt functions. Most functions can be configured
independently for each pin in the 32-bit port and affect the pin regardless of its pin
muxing state.

There is one instance of the PORT module for each port. Not all pins within each port are
implemented on a specific device.

11.2.1 Features
The PORT module has the following features:

* Pin interrupt
* Interrupt flag and enable registers for each pin
* Support for edge sensitive (rising, falling, both) or level sensitive (low, high)
configured per pin
* Support for interrupt or DMA request configured per pin
* Asynchronous wakeup in Low-Power modes
* Pin interrupt is functional in all digital Pin Muxing modes
* Digital input filter on selected pins

K22 Sub-Family Reference Manual, Rev. 4, November 2014

Freescale Semiconductor, Inc. 235



uvverview

* Digital input filter for each pin, usable by any digital peripheral muxed onto the
pin

* Individual enable or bypass control field per pin

* Selectable clock source for digital input filter with a five bit resolution on filter
size

* Functional in all digital Pin Muxing modes

 Port control

* Individual pull control fields with pullup, pulldown, and pull-disable support

* Individual drive strength field supporting high and low drive strength

* Individual slew rate field supporting fast and slow slew rates

* In