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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 K10 microcontroller.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using the K10 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).

REVNO[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, REVNOI[6:4] refers to bits 6-4 that are part of the COREREYV field that
occupies bits 6-0 of the REVNO register.

* A continuous range of individual signals of a bus
For example, XAD[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.
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Chapter 2
Introduction

2.1 Overview

This chapter provides an overview of the Kinetis portfolio and K10 family of products. It
also presents high-level descriptions of the modules available on the devices covered by
this document.

2.2 Kinetis Portfolio

Kinetis is the most scalable portfolio of low power, mixed-signal ARM®Cortex'"'-M4
MCUs in the industry. Phase 1 of the portfolio consists of five MCU families with over
200 pin-, peripheral- and software-compatible devices. Each family offers excellent
performance, memory and feature scalability with common peripherals, memory maps,
and packages providing easy migration both within and between families.

Kinetis MCUs are built from Freescale’s innovative 90nm Thin Film Storage (TFS) flash
technology with unique FlexMemory. Kinetis MCU families combine the latest low-
power innovations and high performance, high precision mixed-signal capability with a
broad range of connectivity, human-machine interface, and safety & security peripherals.
Kinetis MCUs are supported by a market-leading enablement bundle from Freescale and
numerous ARM 3rd party ecosystem partners.
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Figure 2-1. Kinetis MCU portfolio

All Kinetis families include a powerful array of analog, communication and timing and
control peripherals with the level of feature integration increasing with flash memory size
and the number of inputs/outputs. Some of the available features in Kinetis families
include:

* Core:
* ARM Cortex-M4 Core delivering 1.25 DMIPS/MHz with DSP instructions
(floating-point unit available on certain Kinetis families)
* Up to 32-channel DMA for peripheral and memory servicing with minimal CPU
intervention
* Broad range of performance levels rated at maximum CPU frequencies of 50
MHz, 72 MHz, 100 MHz, 120 MHz, and 150 MHz
 Ultra-low power:
» Multiple low power operating modes for optimizing peripheral activity and
wake-up times for extended battery life.
* Low-leakage wake-up unit, low power timer, and low power RTC for additional
low power flexibility
* Industry-leading fast wake-up times
* Memory:
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» Scalable memory footprints from 32 KB flash / 8 KB RAM to 1 MB flash / 128
KB RAM. Independent flash banks enable concurrent code execution and
firmware updates

* Optional 16 KB cache memory for optimizing bus bandwidth and flash
execution performance. Offered on K10, K20, and K60 family devices with CPU
performance of up to 150 MHz.

* FlexMemory with up to 512 KB FlexNVM and up to 16 KB FlexRAM.
FlexXNVM can be partitioned to support additional program flash memory (ex.
bootloader), data flash (ex. storage for large tables), or EEPROM backup.
FlexRAM supports EEPROM byte-write/byte-erase operations and dictates the
maximum EEPROM size.

 EEPROM endurance capable of exceeding 10 million cycles

* EEPROM erase/write times an order of magnitude faster than traditional
EEPROM

» Multi-function external bus interface capable of interfacing to external
memories, gate-array logic

* Mixed-signal analog:

* Fast, high precision 16-bit ADCs, 12-bit DACs, high speed comparators and an
internal voltage reference. Powerful signal conditioning, conversion and analysis
capability with reduced system cost

* Human Machine Interface (HMI):

 Capacitive Touch Sensing Interface with full low-power support and minimal

current adder when enabled
* Connectivity and Communications:

* UARTSs with ISO7816, CEA709.1-B (LON), and IrDA support, 12S, CAN, I2C

and DSPI
* Reliability, Safety and Security:

» Hardware cyclic redundancy check engine for validating memory contents/
communication data and increased system reliability

* Independent-clocked computer operating properly (COP) for protection against
code runaway in fail-safe applications

» External watchdog monitor

* Timing and Control:

» Powerful FlexTimers which support general purpose, PWM, and motor control
functions

* Carrier Modulator Transmitter for IR waveform generation

* Programmable Interrupt Timer for RTOS task scheduler time base or trigger
source for ADC conversion and programmable delay block

e System:
* 5 V tolerant GPIO with pin interrupt functionality
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* Wide operating voltage range from 1.71 V to 3.6 V with flash programmable
down to 1.71 V with fully functional flash and analog peripherals
* Ambient operating temperature ranges from -40 °C to 105 °C

2.3 K10 Family Introduction

The K10 family is the entry point into the Kinetis portfolio. Devices start from 32 KB of
flash in a small-footprint 5 x 5 mm 32 QFN package extending up to 1 MB in a
144MAPBGA package with a rich suite of analog, communication, timing and control
peripherals. High memory density K10 family devices include a single precision floating
point unit and NAND flash controller. Additionally, pin compatibility, flexible low-
power capabilities and innovative FlexMemory help to solve many of the major pain
points for system implementation.

2.4 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, 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
Peripheral bridge
Direct memory access (DMA) controller with multiplexer to increase
available DMA requests
¢ External watchdog monitor
e Watchdog

Memories ¢ Internal memories include:
¢ Program flash memory
* FlexMemory
e FlexNVM
* FlexRAM
¢ SRAM
» Serial programming interface: EzPort

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

Module category Description

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 with integrated programmable gain
amplifier

e Comparator
Internal voltage reference

Timers Programmable delay block
FlexTimers

Periodic interrupt timer

Low power timer

Carrier modulator transmitter

Independent real time clock

Communications Serial peripheral interface
Inter-integrated circuit (12C)
UART

Integrated interchip sound (I12S)

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

¢ Capacitive touch sense input interface enabled in hardware

2.4.1 ARM Cortex-M4 Core Modules

The following core modules are available on this device.

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.

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.

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

Module Description

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 |[EEE 1149.7 JTAG (cJTAG)

* Serial Wire Debug (SWD)

* ARM Real-Time Trace Interface

2.4.2 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.

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.

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.

Table continues on the next page...

K10 Sub-Family Reference Manual, Rev. 2, Feb 2012

50 Freescale Semiconductor, Inc.




g |

Chapter 2 Introduction

Table 2-3. System modules (continued)

Module

Description

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.

2.4.3 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:
* FlexNVM — Non-volatile flash memory that can execute program
code, store data, or backup EEPROM data
* FlexRAM — RAM memory that can be used as traditional RAM or as
high-endurance EEPROM storage, and also 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.

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.

2.4.4 Clocks

The following clock modules are available on this device.

K10 Sub-Family Reference Manual, Rev. 2, Feb 2012

Freescale Semiconductor, Inc.

51



g |

moudle Functional Categories

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.

2.4.5 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.

2.4.6 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.

2.4.7 Timer modules

The following timer modules are available on this device:
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Table 2-8. Timer modules

Module Description

Programmable delay block (PDB) ¢ 16-bit resolution

e 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

¢ Supports bypass mode

¢ Supports DMA

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

e 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

¢ Clocked by system clock frequency

¢ 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) e 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

Table continues on the next page...
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Table 2-8. Timer modules (continued)

Module Description

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

2.4.8 Communication interfaces

The following communication interfaces are available on this device:

Table 2-9. Communication modules

Module Description
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.
Universal asynchronous receiver/ Asynchronous serial bus communication interface with programmable 8- or 9-bit
transmitters (UART) data format and support of CEA709.1-B (LON), ISO 7816 smart card interface
12S The I2S 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

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

Capacitive touch sense input (TSI) Contains up to 16 channel inputs for capacitive touch sensing applications.
Operation is available in low-power modes via interrupts.

2.5 Orderable part numbers

The following table summarizes the part numbers of the devices covered by this
document.
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Table 2-11. Orderable part numbers summary

Freescale part number CPU Pin Package Total Program | EEPROM| SRAM GPIO
count flash flash
frequenc
memory
y
MK10DN32VFM5 50 MHz |32 QFN 32 KB 32 KB — 8 KB 24
MK10DX32VFM5 50 MHz |32 QFN 64 KB 32 KB 2 KB 8 KB 24
MK10DN64VFM5 50 MHz |32 QFN 64 KB 64 KB — 16 KB 24
MK10DX64VFM5 50 MHz |32 QFN 96 KB 64 KB 2 KB 16 KB 24
MK10DN128VFM5 50 MHz 32 QFN 128 KB 128 KB — 16 KB 24
MK10DX128VFM5 50 MHz |32 QFN 160 KB 128 KB 2 KB 16 KB 24
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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 http://
www.arm.com.
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Figure 3-1. Core configuration

Table 3-1.

Reference links to related information

Topic

Related module

Reference

Full description

ARM Cortex-M4 core,
rop1

http://www.arm.com

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
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

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.

System bus

The system bus is connected to a separate master port on the crossbar.

Private peripheral (PPB) bus

The PPB provides access to these modules:
¢ ARM modules such as the NVIC, ITM, DWT, FBP, and ROM table

¢ Freescale Miscellaneous Control Module (MCM)
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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 http://
www.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 http://www.arm.com
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 0

R 0|j0|j0|O 0|jo0|j0|O0 o|jojo0|o0 o(ojo|o

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 error interrupt channel
0x0000_0054 21 5 0 1 DMA -
0x0000_0058 22 6 0 1 Flash memory Command complete
0x0000_005C 23 7 0 1 Flash memory Read collision
0x0000_0060 24 8 0 2 Mode Controller Low-voltage detect, low-voltage warning

Table continues on the next page...

K10 Sub-Family Reference Manual, Rev. 2, Feb 2012

Freescale Semiconductor, Inc. 61




\
Y

y
A

vure modules

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_0064 25 9 0 2 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_0068 26 10 0 2 WDOG Both EWM and WDOG interrupt
sources set this IRQ
0x0000_006C 27 11 0 2 [2Co -
0x0000_0070 28 12 0 3 SPIO Single interrupt vector for all sources
0x0000_0074 29 13 0 3 12S0 Transmit
0x0000_0078 30 14 0 3 12S1 Receive
0x0000_007C 31 15 0 3 UARTO Single interrupt vector for CEA709.1-B
(LON) status sources
0x0000_0080 32 16 0 4 UARTO Single interrupt vector for UART status
sources
0x0000_0084 33 17 0 4 UARTO Single interrupt vector for UART error
sources
0x0000_0088 34 18 0 4 UARTH1 Single interrupt vector for UART status
sources
0x0000_008C 35 19 0 4 UART1 Single interrupt vector for UART error
sources
0x0000_0090 36 20 0 5 UART2 Single interrupt vector for UART status
sources
0x0000_0094 37 21 0 5 UART2 Single interrupt vector for UART error
sources
0x0000_0098 38 22 0 5 ADCO
0x0000_009C 39 23 0 5 CMPO —
0x0000_00A0 40 24 0 6 CMP1 —
0x0000_00A4 41 25 0 6 FTMO —
0x0000_00A8 42 26 0 6 FTMA1 —
0x0000_00AC 43 27 0 6 CMT —
0x0000_00B0 44 28 0 7 RTC Alarm interrupt
0x0000_00B4 45 29 0 7 RTC Seconds interrupt
0x0000_00B8 46 30 0 7 PIT Channel 0

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_00BC 47 31 0 7 PIT Channel 1
0x0000_00C0 48 32 1 8 PIT Channel 2
0x0000_00C4 49 33 1 8 PIT Channel 3
0x0000_00C8 50 34 1 8 PDB —
0x0000_00CC 51 35 1 8 Reserved —
0x0000_00D0 52 36 1 9 Reserved —
0x0000_00D4 53 37 1 9 TSI —
0x0000_00D8 54 38 1 9 MCG —
0x0000_00DC 55 39 1 9 Low Power Timer |—
0x0000_00EO 56 40 1 10 Port control Pin detect (Port A)
module
0x0000_00E4 57 41 1 10 Port control Pin detect (Port B)
module
0x0000_00E8 58 42 1 10 Port control Pin detect (Port C)
module
0x0000_00EC 59 43 1 10 Port control Pin detect (Port D)
module
0x0000_00F0 60 44 1 11 Port control Pin detect (Port E)
module
0x0000_00F4 61 45 1 11 Software initiated | —
interrupt?

—_

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

Suppose you need to configure the low-power timer (LPTMR) interrupt. The following

Determining the bitfield and register location for configuring a
particular interrupt

table is an excerpt of the LPTMR row from Interrupt channel assignments.
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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_00DC 55 39 1 9 Low Power Timer |—

—

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

e The NVIC registers you would use to configure the interrupt are:
* NVICISER1
e NVICICERI
* NVICISPR1
* NVICICPR1
* NVICIABRI1
* NVICIPRY9
* To determine the particular IRQ's bitfield location within these particular registers:
e NVICISER1, NVICICERI, NVICISPR1, NVICICPR1, NVICIABRI1 bit
location = IRQ mod 32 =7
* NVICIPRY bitfield starting location = 8 * (IRQ mod 4) + 4 = 28

Since the NVICIPR bitfields are 4-bit wide (16 priority levels), the NVICIPR9
bitfield range is 28-31

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

e NVICISERI1[7]
e NVICICERI1[7]
e NVICISPRI[7]
e NVICICPRI1[7]
* NVICIABRI1[7]
* NVICIPRY[31:28]

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 http://
WWW.arm.com.
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Clock logic

Wake-up
requests

Asynchronous
Wake-up Interrupt -

Controller (AWIC) : H

Nested vectored
interrupt controller
(NVIC)

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

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
12C Address match wakeup
UART Active edge on RXD
LPTMR Functional in Stop/VLPS modes
RTC Functional in Stop/VLPS modes
12S Functional when using an external bit clock or external master clock
TSI
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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

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

Table continues on the next page...
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Table 3-9. Reference links to related information (continued)

Topic Related module

Reference

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.

Peripheral
bridge

Register
access

Resets

System Mode
Controller (SMC)

Controller (PMC)

Power Management

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

(RCM)

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

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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Power Management
Controller (PMC)

Peripheral
bridge 0
Register
access
Wake-up
requests
Low-Leakage Wake-up
Unit (LLWU) . :

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
Controller (PMC)

Power Management 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-MT7IF 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 | LPTMR?
LLWU_P5 PTBO/LLWU_P5 pin LLWU_M1IF |CMPOQ?
LLWU_P6 PTC1/LLWU_PS6 pin LLWU_M2IF |CMP12
LLWU_P7 PTC3/LLWU_P7 pin LLWU_MBSIF | Reserved
LLWU_P8 PTC4/LLWU_PS8 pin LLWU_M4IF | TSI?
LLWU_P9 PTC5/LLWU_P9 pin LLWU_MSIF | RTC Alarm?
LLWU_P10 |PTC6/LLWU_P10 pin LLWU_MG6IF | Reserved
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. NMI can also be disabled via the FOPT[NMI_DIS] bit.

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 Tranet Control Module
ransiers

é (MCM)

Figure 3-9. MCM configuration

Table 3-14. Reference links to related information

Topic Related module Reference

Miscellaneous control MCM

module (MCM)

Full description

System memory map System memory map

Clocking Clock distribution

Power management Power management

Table continues on the next page...
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Table 3-14. Reference links to related information (continued)

Topic Related module Reference

Transfers ARM Cortex-M4 core ARM Cortex-M4 core

Private Peripheral Bus
(PPB)

3.3.6 Crossbar-Light 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 =}
code bus ~1=
o Flash
ARM core @ controller
system bus =
DMA - SRAM
B * controller_L
] > g
=
SRAM
EzPort Y controller_U
Peripheral
bridge 0
g %
GPIO
USB - g controller

Figure 3-10. Crossbar-Light switch integration
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Table 3-15. Reference links to related information

Topic

Related module

Reference

Full description

Crossbar switch

Crossbar Switch

System memory map

System memory map

Clocking

Clock Distribution

Crossbar switch master

ARM Cortex-M4 core

ARM Cortex-M4 core

DMA controller

DMA controller

Crossbar switch master
Crossbar switch master EzPort EzPort
Crossbar switch slave Flash Flash

Crossbar switch slaves

SRAM controllers

SRAM configuration

Crossbar switch slave

Peripheral bridges

Peripheral bridge

Crossbar switch slave

GPIO controller

GPIO controller

3.3.6.1

Crossbar-Light 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
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-Light Switch Slave Assignments

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

Slave port number

Protected by MPU?

Slave module

Flash memory controller 0 No

SRAM controllers 1,2 No

Peripheral bridge 0/GPIO! 3 No. Protection built into bridge.

1. See System memory map for access restrictions.
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3.3.6.3 PRS register reset values
The AXBS_PRSn registers reset to 0000_3210h.

3.3.7 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 AIPS-Lite Transfers
peripheral bridge

Crossbar switch
Peripherals

Figure 3-11. Peripheral bridge configuration

Table 3-16. Reference links to related information

Topic Related module Reference
Full description Peripheral bridge Peripheral bridge (AIPS-Lite)
(AIPS-Lite)
System memory map System memory map
Clocking Clock Distribution
Crossbar switch Crossbar switch Crossbar switch

3.3.7.1 Number of peripheral bridges

This device contains one peripheral bridge.

3.3.7.2 Memory maps

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

3.3.8 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.
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Figure 3-12. DMA request multiplexer configuration

Table 3-17. 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

3.3.8.1 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 4 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 3-18. 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 UART1 Receive

5 UART1 Transmit

6 UART2 Receive

7 UART2 Transmit

Table continues on the next page...
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Table 3-18. DMA request sources - MUX 0 (continued)

Source Source module Source description
number

8 Reserved —

9 Reserved -

10 Reserved —

11 Reserved —

12 Reserved —

13 Reserved —

14 12S0 Receive
15 12S0 Transmit
16 SPIO Receive
17 SPIO Transmit
18 Reserved —

19 Reserved —

20 Reserved —

21 Reserved —

22 12Co —

23 Reserved —

24 FTMO Channel 0
25 FTMO Channel 1
26 FTMO Channel 2
27 FTMO Channel 3
28 FTMO Channel 4
29 FTMO Channel 5
30 FTMO Channel 6
31 FTMO Channel 7
32 FTM1 Channel 0
33 FTMA1 Channel 1
34 Reserved —

35 Reserved —

36 Reserved —

37 Reserved —

38 Reserved —

39 Reserved —

40 ADCO —

41 Reserved -

Table continues on the next page...
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Table 3-18. DMA request sources - MUX 0 (continued)

Source Source module Source description
number

42 CMPO —

43 CMP1 —

44 Reserved —

45 Reserved —

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.

3.3.8.2 DMA transfers via PIT trigger

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

3.3.9 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 3-13. DMA Controller configuration

Table 3-19. 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

3.3.10 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 3-14. External Watchdog Monitor configuration

Table 3-20. 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

3.3.10.1 EWM clocks
This table shows the EWM clocks and the corresponding chip clocks.

Table 3-21. EWM clock connections

Module clock Chip clock

Low Power Clock 1 kHz LPO Clock

3.3.10.2 EWM low-power modes

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

Table 3-22. EWM low-power modes

Module mode Chip mode
Wait Wait, VLPW
Stop Stop, VLPS, LLS
Power Down VLLSS, VLLS2, VLLS1
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3.3.10.3 EWM_OUT pin state in low power modes

During Wait, Stop and Power Down modes the EWM_OUT pin enters a high-impedance
state. A user has the option to control the logic state of the pin using an external pull
device or by configuring the internal pull device. 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.

3.3.11 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 0

Register
access

WDOG

Mode Controller

Figure 3-15. Watchdog configuration

Table 3-23. 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) System Mode Controller

3.3.11.1 WDOG clocks
This table shows the WDOG module clocks and the corresponding chip clocks.
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Table 3-24. 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

3.3.11.2 WDOG low-power modes

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

modes.
Table 3-25. 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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Chapter 3 Chip Configuration
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Figure 3-16. MCG configuration

Table 3-26. 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