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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 KEO2 microcontroller.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using the KEO2 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 Ob.

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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cunventions

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, REVNOI6:4] refers to bits 6 4 that are part of the COREREV 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 KEO2 product family of ARM

Cortex -MO+ MCUs.

It also presents 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-MO+ core

32-bit MCU core from ARM s Cortex-M class, 1.77 CoreMark /MHz from
single-cycle access memories, up to 40 MHz CPU frequency

System

System integration module (SIM)

Power management and mode controllers (PMC)
Miscellaneous control module (MCM)

Bit manipulation engine (BME)

Peripheral bridge (AIPS)

Watchdog (WDOG)

Memories

Internal memories include:
Up to 64 KB flash memory
Up to 256 B EEPROM memory
Up to 4 KB SRAM

Clocks

External crystal oscillator or resonator
Low range: 31.25 39.0625 kHz
High range: 4 20 MHz
External square wave input clock
Internal clock references
31.25 to 39.0625 kHz oscillator
1 kHz LPO oscillator
Frequency-locked loop (FLL) range: 32 40 MHz

Table continues on the next page...
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wivuule functional categories

Table 2-1. Module functional categories (continued)

Module category Description

Security Watchdog (WDOG) with independent clock source
Cyclic redundancy check (CRC) module for error detection

Analog One 12-bit analog-to-digital converters (ADC) with up to 16 channels
Two analog comparators (ACMP) with internal 6-bit digital-to-analog
converter (DAC)

Timers One 6-channel FlexTimer (FTM) with full function
Two 2-channel FTMs with basic TPM function
2-channel periodic interrupt timer (PIT)

Real time clock (RTC)

System tick timer (SysTick)

Communications Two 8-bit serial peripheral interfaces (SPI)
One inter-integrated circuit (12C) module
Up to three universal asynchronous receiver/transmitter (UART) modules

Human-Machine Interfaces (HMI) General purpose input/output (GPIO) controller
Two keyboard Interrupt (KBI)
Interrupt (IRQ)

2.2.1 ARM Cortex-M0O+ core modules

The following core modules are available on this device.

Table 2-2. Core modules

Module Description

ARM Cortex-MO+ The ARM Cortex-M0+ is the newest member of the Cortex M Series of processors
targeting microcontroller applications focused on very cost sensitive, deterministic,
interrupt driven environments. The Cortex MO+ processor is based on the ARMv6
Architecture and Thumb -2 ISA and is 100% instruction set compatible with its
predecessor, the Cortex-MO core, and upward compatible to Cortex-M3 and M4
cores.

The ARM Cortex-M0+ improvements include an ARMv6 Thumb-2 DSP, ported
from the ARMv6-A/R profile architectures, that provide 32-bit instructions with
SIMD (single instruction multiple data) DSP style multiply-accumulates and
saturating arithmetic to support single cycle 32x32 multiplier.

Nested vectored interrupt controller The ARMv6-M exception model and nested-vectored interrupt controller (NVIC)
(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.

Asynchronous wakeup interrupt The primary function of the Asynchronous Wake-up Interrupt Controller (AWIC) is
controller (AWIC) 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.

Table continues on the next page...
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Chapter 2 Introduction

Table 2-2. Core modules (continued)

Module Description

Single-cycle I/O port (IOPORT) For high-speed, single-cycle access to peripherals, the Cortex-M0O+ processor
implements a dedicated single-cycle 1/O port. On this device, fast GPIO (FGPIO) is
implemented on IOPORT interface.

Debug interfaces Most of this device s debug is based on the ARM CoreSight architecture. One
debug interface is supported:

Serial Wire Debug (SWD)

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.

Power management controller (PMC) The PMC provides the user with multiple power options. Multiple 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.

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

Peripheral bridge (AIPS-Lite) The peripheral bridge converts the ARM AHB interface to an interface to access a
majority of peripherals on the device.

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.

Bit manipulation engine (BME) The BME provides hardware support for atomic read-modify-write memory
operations to the peripheral address space in Cortex-M0+ based microcontrollers.

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 (FTMRH) Flash memory  up to 64 KB of the non-volatile flash memory that can execute
program code.

EEPROM memory - 256 B of EEPROM memory with byte access

Flash memory controller (FMC) FMC is a memory acceleration unit that provides an interface between Cortex MO+
core and the 32-bit program flash memory. The FMC contains one 32-bit

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

Module Description
speculation buffer and one 32-byte cache that can accelerate instruction fetch and
flash access.

SRAM Up to 4 KB internal system RAM, supporting bit operation through BME module or
aliased bit-band domain.

2.2.4 Clocks

The following clock modules are available on this device.
Table 2-5. Clock modules

Module Description
Internal Clock Source (ICS) ICS module containing an internal reference clock (ICSIRCLK) and a frequency-
locked-loop (FLL).
System oscillator (OSC) The system oscillator, in conjunction with an external crystal or resonator,

generates a reference clock for the MCU.

Low-Power Oscillator (LPO) The PMC module contains a 1 kHz low-power oscillator which acts as a standalone
low-frequency clock source in all modes.

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) CRC generates 16/32-bit CRC code for error detection.
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.

2.2.6 Analog modules
The following analog modules are available on this device:

KEO2 Sub-Family Reference Manual, Rev. 3, Nov. 2014
Freescale Semiconductor, Inc.

38



g |

Chapter 2 Introduction

Table 2-7. Analog modules

Module

Description

Analog-to-digital converters (ADC)

12-hit successive-approximation ADC module with up to 16 channels.

Analog comparators (ACMP)

Two comparators with support of analog input voltages across the full range of the
supply voltage and CPU interrupt. ACMPO is further capable to trigger FTM update.

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

64-tap resistor ladder network which provides a selectable voltage reference for
comparator.

2.2.7 Timer modules

The following timer modules are available on this device:

Table 2-8. Timer modules

Module

Description

FlexTimer 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

complementary outputs, or independent channels with independent outputs

Deadtime insertion is available for each complementary pair

Software control of PWM outputs

Up to two fault inputs for global fault control

Configurable channel polarity

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

Periodic interrupt timers (PIT)

One general purpose interrupt timer

Interrupt timers for triggering ADC conversions
32-bit counter resolution

Clocked by bus clock frequency

Real-time counter (RTC)

16-bit up-counter
16-bit modulo match limit
Software controllable periodic interrupt on match

Software selectable clock sources for input to prescaler with programmable

16-bit prescaler
Bus clock
IRC clock (31.25~39.0625 kHz)
LPO (~1 kHz)
System oscilator output clock

2.2.8 Communication interfaces

The following communication interfaces are available on this device:
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Table 2-9. Communication modules

Module Description
Serial peripheral interface (SPI) Two SPIs synchronous serial bus for communication to an external device.
Inter-integrated circuit (12C) One 12C module for inter device communications. Also supports the System
Management Bus (SMBus) Specification, version 2.
Universal asynchronous receiver/ Up to three asynchronous serial bus communication interfaces (UART) modules
transmitters (UART) with optional 13-bit break, full duplex non-return to zero (NRZ), and LIN extension
support.

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 (GPIO) Up to 57 general purpose input or output (GPIO) pins.

Keyboard Interrupts (KBI) Two KBI modules to support pin interrupts.

Interrupt (IRQ) IRQ module provides a maskable interrupt input.

2.2.10 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 count Package | Total flash RAM Temperature range
frequency memory
MKEQ02Z16VLC4(R) 40 MHz 32 LQFP 16 KB 2KB -40to0 105 C
MKEO02Z32VLCA4(R) 40 MHz 32 LQFP 32 KB 4 KB -40to0 105 C
MKEO02Z64VLCA4(R) 40 MHz 32 LQFP 64 KB 4 KB -40t0 105 C
MKEO02Z16VLD4(R) 40 MHz 44 LQFP 16 KB 2 KB -40t0 105 C
MKEO02Z32VLDA4(R) 40 MHz 44 LQFP 32 KB 4 KB -40t0 105 C
MKEQ02Z64VLD4(R) 40 MHz 44 LQFP 64 KB 4 KB -40t0 105 C
MKEO02Z32VLH4(R) 40 MHz 64 LQFP 32 KB 4 KB -40t0 105 C
MKEQ02Z64VLH4(R) 40 MHz 64 LQFP 64 KB 4 KB -40to 105 C
MKEO02Z32VQH4(R) 40 MHz 64 QFP 32 KB 4 KB -40t0 105 C
MKEO02Z264VQH4(R) 40 MHz 64 QFP 64 KB 4 KB -40t0 105 C
MKE02Z16VFMA4(R) 40 MHz 32 QFN 16 KB 2KB -40to0 105 C

Table continues on the next page...
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Table 2-11. Orderable part numbers summary (continued)

Freescale part number CPU Pin count Package | Total flash RAM Temperature range
frequency memory
MKE02Z32VFM4(R) 40 MHz 32 QFN 32 KB 4 KB -40t0 105 C
MKEO02Z64VFMA4(R) 40 MHz 32 QFN 64 KB 4 KB -40t0 105 C
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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

Links for more information

3.2 Module to Module Interconnects

3.2.1 Interconnection overview

The following table captures the module-to-module interconnections for this device.

Table 3-1. Module-to-module interconnects

Peripheral Signal to Peripheral Use Case Control Comm
ent
FTM2 INITTRG, to ADC (Trigger) ADC Triggering SIM_SOPT[ADHWT]
MatchTRG
PITO TIFO to ADC (Trigger) ADC Triggering SIM_SOPT[ADHWT]
RTC RTC Overflow to ADC (Trigger) ADC Triggering SIM_SOPT[ADHWT]
RTC RTC Overflow to FTM1_CH1 FTM capture input SIM_SOPT[RTCC]
ACMPO CMPO_OUT to FTM1_CHO FTM capture input SIM_SOPT[ACIC]
ACMPO CMPO_OUT to UARTO_RxD UARTO_RxD filter SIM_SOPT[RXDFE]
UARTO UARTO_TxD to Modulated by UART modulation SIM_SOPT[TXDME]
FTMO CHO
Table continues on the next page...
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Table 3-1. Module-to-module interconnects (continued)

Peripheral Signal to Peripheral Use Case Control Comm
ent
UARTO UARTO_RxD to |Tagged by FTMO| UART modulation SIM_SOPT[RXDCE]
CH1
ACMPO CMPO_OUT to | FTM2 Trigger0 | FTM2 Trigger input FTM2_SYNC[TRIGO]
FTMO FTMO CHO to FTM2 Triggerl | FTM2 Trigger input FTM2_SYNC[TRIG1]
Output
FTM2 FTMSYNC to FTM2 Trigger2 | FTM2 Trigger input FTM2_SYNCI[TRIG2]
ACMPO CMPO_OUT to FTM2 FaultO FTM2 fault input FTM2_FLTCTRL[FAULTOEN]
External pin EXTRG_IN to FTM2 Faultl FTM2 fault input FTM2_FLTCTRL[FAULT1EN] PTAG
External pin EXTRG_IN to FTM2 Fault2 FTM2 fault input FTM2_FLTCTRL[FAULT2EN] | PTA7
[_Acic [ RXDFE |
FTML P +
of  RTC ] | T
por 0 [ JuARTO_RX
00 UARTO |
0
ADC trg 4| 01 ovf PITcho L } [ JuaRTO_TX
1 FTMo |/1|>
LQI [ IFT™MO_CH1
j: inittrg  faulto
B faultl [ JFTM2_FLT1
ovf DELAY | \J—|maeht fault2 | JFTM2_FLT2
FTM2 it
BUS CLK LN tr?ggero
2 triggerl 34—
trigger2
ADHWT | | BUSREF | [FTMSYNC| RXDCE | TXDME |
ausour
Figure 3-1. System interconnection diagram
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3.2.2 Analog reference options

Several analog blocks have selectable reference voltages as shown in Table 3-2. These
options allow analog peripherals to share or have separate analog references. Care must
be taken when selecting analog references to avoid cross talk noise.

Table 3-2. Analog reference options

Module Reference option Comment/ reference selection
12-bit ADC VREFH VREFH is internally connected to VDDA, VREFL has a dedicated pin.
VREFL
ACMPO VDDA Selected by ACMPO_C1[DACREF] or ACMP1_C1[DACREF]
ACMP1 Bandgap

3.2.3 ACMPO output capture

When SIM_SOPT[ACIC] is set, the output of ACMPO is connected to FTM1 input
channel0, and could be captured by FTML1 timer. The FTM1_CHO pin is released to other
shared function.

3.2.4 UARTO_TX modulation

UARTO_TX can be modulated by FTMO channel 0 output. When SIM_SOPT[TXDME]
Is set, the UARTO_TX is gated by FTMO channelO output through an AND gate, and then
mapped to UARTO_TX pinout. When this field is clear, the UARTO_TX is directly
mapped on the pinout. To enable IR modulation function, both FTMO_CHO and UART
must be active. The FTMO_CNT and FTMO_MOD registers specify the period of the
PWM, and the FTMO_COV register specifies the duty cycle of the PWM. Then, when
SIM_SOPT[TXDME] is enabled, each data transmitted via UARTO_TX from UARTO is
modulated by the FTMO channel 0 output, and the FTMO_CHO pin is released to other
shared functions.
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X _
UARTO >0 UARTO_TX
1
FTMO_CHO D—» 1
PORT LOGIC

Figure 3-2. IR modulation diagram

3.2.5 UARTO_RX capture

UARTO_RX pin is selectable connected to UARTO module directly or tagged to FTMO
channel 1. When SIM_SOPT[RXDCE] is set, the UARTO_RX pin is connected to both
UARTO and FTMO channel 1, and the FTMO_CH1 pin is released to other shared
functions. When this field is clear, the UARTO_RX pin is connected to UARTO only.

RX
UARTO < J UARTO_RX

FTMO_CH1 |

0 FTMO_CH1

Figure 3-3. UARTO_RX capture function diagram

3.2.6 UARTO_RX filter

When SIM_SOPT[RXDFE] is clear, the UARTO_RX pin is connected to UARTO module
directly. When this field is correctly set, the ACMPO output can be connected to the
receive channel of UARTO. To enable UARTO_RX filter function, both UARTO and
ACMPO must be active. If this function is active, the UARTO external UARTO_RX pin is
released to other shared functions regardless of the configuration of UARTO pin
reassignment. When UARTO_RX capture function is active, the ACMPO output is
injected to FTMO channel 1 as well.
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ﬂ ] UARTO_RX g
RX
UARTO | r

‘ f—or 3.

|

To UARTO_RX 4

Capture Function
RXDFE From Internal or External
Reference Voltage

Figure 3-4. IR demodulation diagram

3.2.7 RTC capture

RTC overflow may be captured by FTM1 channel 1 by setting SIM_SOPT[RTCC].
When this field is set, the RTC overflow is connected to FTM1 channel 1 for capture, and
the FTM1_CHL1 pin is released to other shared functions.

3.2.8 FTM2 software synchronization

FTMZ2 contains three synchronization input triggers, one of which is a software trigger by
writing 1 to SIM_SOPT[FTMSYNC]. Writing 0 to this field takes no effect. This field is
always read 0.

3.2.9 ADC hardware trigger

ADC module may initiate a conversion via a hardware trigger. The following table shows
the available ADC hardware trigger sources by setting SIM_SOPT[ADHWT].

Table 3-3. ADC hardware trigger setting

ADHWT ADC hardware trigger
00 RTC overflow
01 PIT chO overflow
10 FTMZ2 init trigger with 8-bit programmable delay
11 FTM2 match trigger with 8-bit programmable delay
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When ADC hardware trigger selects the output of FTM2 triggers, an 8-bit delay block
will be enabled. This logic delays any trigger from FTM2 with an 8-bit counter whose
value is specified by SIM_SOPT[DELAY]. The reference clock to this module is the bus
clock with selectable predivider specified by SIM_SOPT[BUSREF].

3.3 Core Modules

3.3.1 ARM Cortex-MO0+ 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.

Debug Interrupts

Crossbar ARM Cortex-M0+
switch Core

Figure 3-5. Core configuration

Table 3-4. Reference links to related information

Topic Related module Reference
Full description ARM Cortex-MO+ core, ARM Cortex-M0+ Technical Reference Manual, rOp0
rop0
System memory map System memory map
Clocking Clock distribution
Power management Power management
System/instruction/data Crossbar switch Crossbar switch
bus module
Debug Serial Wire Debug Debug
(SWD)
Interrupts Nested Vectored NVIC
Interrupt Controller
(NVIC)
Miscellaneous Control MCM
Module (MCM)
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3.3.1.1 ARM Cortex MO+ core
The ARM Cortex M0+ parameter settings are as follows:

Table 3-5. ARM Cortex-M0+ parameter settings

Parameter Verilog name Value Description
Arch Clock Gating ACG 1 = Present Implements architectural clock gating
DAP Slave Port AHBSLV 1 Supports any AHB debug access port (like the
Support CM4 DAP)
DAP ROM Table Base BASEADDR 0xF000_2003 Base address for DAP ROM table
Endianess BE 0 Little endian control for data transfers
Breakpoints BKPT 2 Implements 2 breakpoints
Debug Support DBG 1 = Present
Halt Event Support HALTEV 1 = Present
I/O Port IOP 1 = Present Implements single-cycle Id/st accesses to special
addr space
IRQ Mask Enable IRQDIS 0x0
Debug Port Protocol JTAGnSW 0=SWD SWD protocol, not JTAG
Core Memory MPU 0 = Absent No MPU
Protection
Number of IRQs NUMIRQ 32 Assume full NVIC request vector
Reset all regs RAR 0 = Standard Do not force all registers to be async reset
Multiplier SMUL 0 = Fast Mul Implements single-cycle multiplier
Multi-drop Support SWMD 0 = Absent Do not include serial wire support for multi-drop
System Tick Timer SYST 1 = Present Implements system tick timer (for CM4
compatibility)
DAP Target ID TARGETID 0
User/Privileged USER 1 = Present Implements processor operating modes
Vector Table Offset VTOR 1 = Present Implements relocation of exception vector table
Register
WIC Support wiIC 1 = Present Implements WIC interface
WIC Requests WICLINES 34 Exact number of wakeup IRQs is 34
Watchpoints WPT 2 Implements 2 watchpoints

For details on the ARM Cortex-MO0+ processor core see the ARM website: arm.com.

3.3.1.2 Buses, interconnects, and interfaces

The ARM Cortex-MO0+ core has two bus interfaces:
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Single 32-bit AMBA-3 AHB-L.ite system interface that provides connections to
peripherals and all system memory, which includes flash and RAM.,

Single 32-bit 1/0 port bus (IOPORT) interfacing to the FGPIO with 1-cycle loads
and stores.

3.3.1.3 System Tick Timer

The CLKSOURCE field in SysTick Control and Status register selects either the core
clock (when CLKSOURCE = 1) or a divide-by-16 of the core clock (when
CLKSOURCE = 0). Because the timing reference is a variable frequency, the TENMS
field in the SysTick Calibration VValue Register is always zero.

3.3.1.4 Core privilege levels

The core on this device is implemented with both privileged and unprivileged 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

3.3.1.5 Caches

This device does not have processor related cache memories, but the flash controller has
an internal 32-byte cache for flash access.

3.3.2 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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C;) Interrupts
¥, PPB Nested Vectored

S8 Interrupt Controller . .

s (NVIC) : :

:

Figure 3-6. NVIC configuration

Table 3-6. Reference links to related information

Topic Related module Reference
Full description Nested Vectored ARM Cortex-M0+ Technical Reference Manual
Interrupt Controller
(NVIC)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Private Peripheral Bus | ARM Cortex-M0+ core ARM Cortex-MO0+ core
(PPB)

3.3.2.1 Interrupt priority levels

This device supports four priority levels for interrupts. Therefore in the NVIC, each
source in the IPR registers contains two 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 1 10 9 8 7 6 5 4 3 2 1 O

R olojofofo|oO olojofofo|oO olojofofo|oO o|lojo|ofofoO
IRQ3 IRQ2 IRQ1 IRQO

3.3.2.2 Non-maskable interrupt

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

3.3.2.3 Interrupt channel assignments

The interrupt vector 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 3-8. Interrupt vector assignments

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?
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
0x0000_0014 5
0x0000_0018 6
0x0000_001C 7
0x0000_0020 8
0x0000_0024 9
0x0000_0028 10
0x0000_002C 11 ARM core Supervisor call (SVCall)
0x0000_0030 12
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
0x0000_0044 17 1 0
0x0000_0048 18 2 0
0x0000_004C 19 3 0
0x0000_0050 20 4 1
0x0000_0054 21 5 1 FTMRH Command complete and error interrupt
0x0000_0058 22 6 1 PMC Low-voltage warning
0x0000_005C 23 7 1 IRQ External interrupt
0x0000_0060 24 8 2 12C0 Single interrupt vector for all sources
0x0000_0064 25 9 2
0x0000_0068 26 10 2 SPIO Single interrupt vector for all sources
0x0000_006C 27 11 2 SPI1 Single interrupt vector for all sources
0x0000_0070 28 12 3 UARTO Status and error

Table continues on the next page...
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Table 3-8. Interrupt vector assignments (continued)

Address Vector IRQ? NVIC Source module Source description
IPR
register
number?
0x0000_0074 29 13 3 UART1 Status and error
0x0000_0078 30 14 3 UART23 Status and error
0x0000_007C 31 15 3 ADCO ADC conversion complete interrupt
0x0000_0080 32 16 4 ACMPO Analog comparator O interrupt
0x0000_0084 33 17 4 FTMO Single interrupt vector for all sources
0x0000_0088 34 18 4 FTM1 Single interrupt vector for all sources
0x0000_008C 35 19 4 FTM2 Single interrupt vector for all sources
0x0000_0090 36 20 5 RTC RTC overflow
0x0000_0094 37 21 5 ACMP1 Analog comparator 1 interrupt
0x0000_0098 38 22 5 PIT_CHO PIT CHO overflow
0x0000_009C 39 23 5 PIT_CH1 PIT CH1 overflow
0x0000_00AO 40 24 6 KBIO Keyboard interruptO
0x0000_00A4 41 25 6 KBI1 Keyboard interruptl
0x0000_00A8 42 26 6
0x0000_00AC 43 27 6 ICS Clock loss of lock
0x0000_00BO 44 28 7 WDOG Watchdog timeout
0x0000_00B4 45 29 7
0x0000_00B8 46 30 7
0x0000_00BC 47 31 7

1. Indicates the NVIC s interrupt source number.
2. Indicates the NVIC s IPR register number used for this IRQ. The equation to calculate this value is: IRQ div 4
3. 32-pin LQFP and QFN packages do not have this module.

3.3.2.3.1 Determining the field and register location for configuring a
particular interrupt

Suppose you need to configure the SPIO interrupt. The following table is an excerpt of the
SPI0 row from Interrupt priority levels.

Table 3-9. Interrupt vector assignments

Address Vector IRQ! NVIC IPR Source module Source description
register
number?
0x0000_0068 26 10 2 SPIO Single interrupt vector for all sources

1. Indicates the NVIC s interrupt source number.
2. 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:
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NVICIPR2
To determine the particular IRQ s field location within these particular registers:

NVICIPR2 field starting location = 8 * (IRQ mod 4) + 6 = 22

Since the NVICIPR fields are 2-bit wide (4 priority levels), the NVICIPR2 field
range is bits 22 23.

Therefore, the field locations NVICIPR2[23:22] are used to configure the SPIO interrupts.

3.3.3 Asynchronous wakeup 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) :
Module

Nested vectored
interrupt controller
(NVIC)

Asynchronous
Wake-up Interrupt

Figure 3-7. Asynchronous wake-up interrupt controller configuration

Table 3-10. Reference links to related information

Topic Related module Reference

System memory map
Clock distribution

Power management

System memory map
Clocking

Power management
Interrupt control Nested vectored NVIC
interrupt controller
(NVIC)
AWIC wake-up sources

Wake-up requests
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3.3.3.1 Wakeup sources

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

Table 3-11. AWIC stop wakeup sources

Wake-up source

Description

Available system resets

RESET pin when LPO is its clock source

Low-voltage warning

Power management controller

IRQ

IRQ pin

Pin interrupts

KBI - Any enabled pin interrupt is capable of waking the system.

ADC The ADC is functional in Stop mode when using internal clock source.
ACMP Interrupt in normal

12C Address match wake-up

SPI SPI slave mode interrupt

UART UART active edge detect at UART_RX pin

RTC Alarm interrupt

Non-maskable interrupt

NMI pin

3.4 System Modules

3.4.1 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.
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Peripheral
bridge

Register
access

System integration
module (SIM)

Figure 3-8. SIM configuration

Table 3-12. 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

3.4.2 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.

Peripheral
bridge

Register access

Power Management
Controller (PMC)

Figure 3-9. PMC configuration

Table 3-13. Reference links to related information

Topic Related module Reference
Full description PMC PMC
System memory map System memory map
Clocking Clock distribution
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3.4.3 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.

Miscellaneous
Control Module
(MCM)

Transfers

ARM Cortex-M0O+
core

Figure 3-10. MCM configuration

Table 3-14. Reference links to related information

Topic Related module Reference
Full description Miscellaneous Control MCM
module (MCM)
System memory map System memory map
Clocking Clock distribution
Power management Power management
Private Peripheral Bus | ARM Cortex-M0+ core ARM Cortex-MO0+ core
(PPB)
Transfer Flash memory Flash memory controller
controller

3.4.4 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.
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Figure 3-11. Crossbar-Light switch integration
Table 3-15. Reference links to related information
Topic Related module Reference
System memory map System memory map
Clocking Clock Distribution
Crossbar switch master | ARM Cortex-MO+ core ARM Cortex-MO0+ core
Crossbar switch slave Flash memory Flash memory controller
controller
Crossbar switch slave SRAM controller SRAM configuration
Crossbar switch slave Peripheral bridge Peripheral bridge
2-ported peripheral GPIO controller GPIO controller

3.4.4.1 Crossbar-Light switch master assignments

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

Master module Master port number
ARM core unified bus 0
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3.4.4.2 Crossbar switch slave assignments

This device contains 3 slaves connected to the crossbar switch.

The slave assignment is as follows:

Slave module Slave port number

Flash memory controller 0
SRAM controller
Peripheral bridge

3.4.5 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 3-12. 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

3.4.5.1 Number of peripheral bridges

This device contains one peripheral bridge.

3.4.5.2 Memory maps

The peripheral bridges are used to access the registers of most of the modules on this
device. See AIPS-Lite Memory Map for the memory slot assignment for each module.
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3.5 System Security

3.5.1 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.

Peripheral
bridge

Register
access

CRC

Figure 3-13. CRC configuration

Table 3-17. Reference links to related information

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

3.5.2 Watchdog configuration

This section summarizes how the module has been configured in the chip.
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Peripheral
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Register
access
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System integration
module

Figure 3-14. Watchdog configuration

Table 3-18. Reference links to related information

Topic Related module Reference
Full description Watchdog (WDOG) Watchdog (WDOG)
Clocking Clock distribution
Power management Power management
Programming model System Integration SIM
Module (SIM)

3.5.2.1 WDOG clocks

The watchdog has four selectable clock sources:
1 kHz internal low power oscillator (LPOCLK)
Internal 32 kHz reference clock (ICSIRCLK)
External clock (OSCERCLK)
Bus clock

3.5.2.2 WDOG operation

The WDOG module provides a fail-safe mechanism to ensure the system can be reset to a
known state of operation in case of system failure, such as the CPU clock stopping or
there being a run away condition in the software code. The watchdog counter runs
continuously off a selectable clock source and expects to be serviced (refreshed)
periodically. If it is not, it resets the system.

After any reset, the WDOG watchdog is enabled. If the WDOG watchdog is not used in
an application, it can be disabled by clearing WDOG_CS1[EN].

The refresh write sequence is a write of 0xA602 followed by a write of 0xB480 to the
WDOG_CNTH:L registers. The write of the 0xB480 must occur within 16 bus clocks
after the write of 0XxA602; otherwise, the watchdog resets the MCU.
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The watchdog counter has four clock source options selected by programming
WDOG_CS2[CLK]. The clock source options are the bus clock, internal 1 kHz clock,
external clock, or an internal 32 kHz clock source.

The refresh timeout time is defined by WDOG_TOVALH:L. In addition, if window
mode is used, software must not start the refresh sequence until after the time value set in
the WDOG_WINH:L registers.

An optional fixed prescaler for all clock sources allows for longer timeout periods. When
WDOG_CS2[PRES] is set, the clock source is prescaled by 256 before clocking the
watchdog counter.

The watchdog counter registers CNTH:L provide access to the value of the free-running
watchdog counter. The software can read the counter registers at any time but cannot
write directly to the watchdog counter. The refresh sequence resets the watchdog counter
to 0x0000. Write to the WDOG_CNTH:L registers of 0xC520 followed by 0xD928
within 16 bus clocks start the unlock sequence. On completing the unlock sequence, the
user must reconfigure the watchdog within 128 bus clocks; otherwise, the watchdog
forces a reset to the MCU.

By default, the watchdog is not functional in Debug mode, Wait mode, or Stop mode.
Setting WDOG_CS1[DBG], WDOG_CS1[WAIT] or WDOG_CS1[STOP] can activate
the watchdog in Debug, Wait or Stop modes.

3.6 Clock Modules

3.6.1 ICS 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
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access

ICS

oscillator

System

System integration
module (SIM)

Figure 3-15. ICS configuration

Table 3-19. Reference links to related information

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

3.6.1.1 Clock gating

This family of devices includes clock gating control for each peripheral, that is, the clock
to each peripheral can explicitly be gated on or off, using clock-gate control bits in the
SIM_SCGC register.

3.6.2 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.
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System oscillator

ICS

Signal multiplexing

Figure 3-16. OSC configuration

Table 3-20. Reference links to related information

Topic Related module Reference
Full description osC OosC
System memory map System memory map
Clocking Clock distribution
Power management Power management
Full description ICS ICS

3.7 Memories and Memory Interfaces

3.7.1 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
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Register
access

Transfers

Flash memory

Flash memory
controller

Figure 3-17. Flash memory configuration

Table 3-21. Reference links to related information

Topic Related module Reference

Full description Flash memory Flash memory

System memory map System memory map

Clocking Clock Distribution

Transfers Flash memory Flash memory controller

controller

Register access Peripheral bridge Peripheral bridge

3.7.1.1 Flash and EEPROM memory sizes

The devices covered in this document contain one flash block consisting of up to 128
sectors of 512 bytes and one EEPROM block consisting of 128 sectors of 2 bytes.

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

Table 3-22. KEO2 flash and EEPROM memory size

Device EEPROM (B) Flash (KB) Block 0 (flash) address
range
MKEO02Z16VLCA4(R) 256 16 0x0000_0000 0x0000_3FFF
MKEQ02Z32VLCA4(R) 256 32 0x0000_0000 0x0000_7FFF
MKEO02Z64VLCA4(R) 256 64 0x0000_0000 0x0000_FFFF
MKE02Z16VLD4(R) 256 16 0x0000_0000 0x0000_3FFF
MKEQ02Z32VLD4(R) 256 32 0x0000_0000 0x0000_7FFF
MKE02Z64VLD4(R) 256 64 0x0000_0000 0x0000_FFFF
MKEQ02Z32VLH4(R) 256 32 0x0000_0000 0x0000_7FFF
MKEO02Z64VLH4(R) 256 64 0x0000_0000 0x0000_FFFF
MKE02Z32VQH4(R) 256 32 0x0000_0000 0x0000_7FFF
MKEO02Z64VQHA4(R) 256 64 0x0000_0000 0x0000_FFFF

Table continues on the next page...
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Table 3-22. KEO2 flash and EEPROM memory size (continued)

Device EEPROM (B) Flash (KB) Block O (flash) address
range
MKE02Z16VFMA4(R) 256 16 0x0000_0000 0x0000_3FFF
MKEO02Z32VFM4(R) 256 32 0x0000_0000 0x0000_7FFF
MKEO02Z64VFM4(R) 256 64 0x0000_0000 0x0000_FFFF

3.7.1.2 Flash memory map

The flash memory and the flash registers are located at different base addresses as shown
in the figure found here.

The base address for each is specified in System memory map.

Flash memory base address
Registers

Flash base address

Flash configuration field
Flash

Figure 3-18. Flash memory map

The on-chip flash memory is implemented in a portion of the allocated Flash range to
form a contiguous block in the memory map beginning at address 0x0000_0000. See
Flash and EEPROM memory sizes for details of supported ranges.

Access to the flash memory ranges outside the amount of flash on the device causes the
bus cycle to be terminated with an error followed by the appropriate response in the
requesting bus master.

3.7.1.3 Flash security

For information on how flash security is implemented on this device, see Chip Security.
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3.7.1.4 Erase all flash contents

In addition to software, the entire flash memory may be erased external to the flash
memory via the SW-DP debug port by setting MDM-AP CONTROL[O0] (bit O of the
MDM-AP Control register). MDM-AP STATUS[O0] (bit 0 of the MDM-AP Status
register) is set to indicate the mass erase command has been accepted. MDM-AP
CONTROL[O] is cleared when the mass erase completes.

3.7.2 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.

See Platform Control Register (MCM_PLACR) register description for details on the
reset configuration of the FMC.

MCM

Transfers Transfers

Flash memory
controller

Crossbar switch
Flash memory

Figure 3-19. Flash memory controller configuration

Table 3-23. 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

Transfers

Crossbar switch

Crossbar Switch

Register access

MCM

MCM

3.7.3 SRAM configuration
This section summarizes how the module has been configured in the chip.
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Figure 3-20. SRAM configuration

Table 3-24. Reference links to related information

Topic Related module Reference
Full description SRAM SRAM
System memory map System memory map
Clocking Clock Distribution
ARM Cortex-MO+ core ARM Cortex-MO+ core

3.7.3.1 SRAM sizes
The SRAM supports single cycle access (zero wait states) at all core speeds.

The amounts of SRAM for the devices covered in this document are:
Table 3-25. SRAM size

Freescale part number SRAM
MKE02Z16VLCA4(R) 2 KB
MKEO02Z32VLC4(R) 4 KB
MKE02Z64VLCA4(R) 4 KB
MKEO02Z16VLD4(R) 2 KB
MKEO02Z32VLDA4(R) 4 KB
MKEO02Z64VLD4(R) 4 KB
MKEO02Z32VLH4(R) 4 KB
MKE02Z64VLH4(R) 4 KB
MKEO02Z32VQH4(R) 4 KB
MKEO02Z64VQH4(R) 4 KB
MKEO02Z16VFM4(R) 2 KB
MKEO02Z32VFMA4(R) 4 KB
MKE02Z64VFM4(R) 4 KB
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3.7.3.2 SRAM ranges

The on-chip SRAM is split into two ranges; 1/4 is allocated to SRAM_L and 3/4 is
allocated to 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:

SRAM_L = [0x2000_0000 (SRAM_size/4)] to OXLFFF_FFFF
SRAM_U = 0x2000_0000 to [0x2000_0000+(SRAM _size*(3/4))-1]

This is illustrated in the following figure.

QR
=)
Y 0x2000_0000 SRAM_size/4
‘0
= SRAM L
2 i
0 OX1FFF_FFFF
0x2000 0000
S
|| SRAM_U
(O]
N
(7]
=
<
x
(0p)]
Y 0x2000_0000 + SRAM_size(3/4) - 1

Figure 3-21. SRAM blocks memory map

For example, for a device containing 4 KB of SRAM the ranges are:
SRAM_L: Ox1FFF_FC00 Ox1FFF_FFFF
SRAM_U: 0x2000_0000 0x2000_OBFF
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3.8 Analog

3.8.1 12-bit analog-to-digital converter (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.

Peripheral
bridge
Register
access

(=2}
£
)
Transfers Module signals g
Other peripherals SAR ADC E
©
c
2
%)

Figure 3-22. 12-bit SAR ADC configuration

Table 3-26. Reference links to related information

Topic Related module Reference
Full description 12-bit SAR ADC 12-bit SAR ADC
System memory map System memory map
Clocking Clock distribution
Power management Power management

3.8.1.1 ADC instantiation information

This device contains one 12-bit successive approximation ADC with up to 16 channels.
Table 3-27. ADC channels

Freescale part number ADC channels
MKE02Z16VLCA4(R) 12
MKEO02Z32VLCA4(R) 12
MKE02Z64VLC4(R) 12
MKEO02Z16VLD4(R) 12
MKEO02Z32VLDA4(R) 12
MKE02Z64VLD4(R) 12
MKEO02Z32VLH4(R) 16

Table continues on the next page...
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Table 3-27. ADC channels (continued)

Freescale part number ADC channels
MKE02Z64VLH4(R) 16
MKEO02Z32VQH4(R) 16
MKE02Z64VQH4(R) 16
MKEO02Z16VFM4(R) 12
MKEO02Z32VFM4(R) 12
MKE02Z64VFM4(R) 12

The ADC supports both software and hardware triggers. The ADC hardware trigger,
ADHWT, is selectable from FTM2 init trigger, FTM2 match trigger, RTC overflow, or

PITCHO overflow. The hardware trigger can be configured to cause a hardware trigger in
MCU Run, Wait, and Stop modes.

The hardware trigger sources details are listed in the Module-to-Module section.

3.8.1.2 ADCO connections/channel assignment

The ADC channel assignments for the device are shown in following table. Reserved

channels convert to an unknown value.

Table 3-28. ADC channel assigement

ADCH Channel Input
00000 ADO PTAO/ADPO
00001 AD1 PTA1/ADP1
00010 AD2 PTA6/ADP2
00011 AD3 PTA7/ADP3
00100 AD4 PTBO/ADP4
00101 ADS5 PTB1/ADP5
00110 ADG6 PTB2/ADP6
00111 AD7 PTB3/ADP7
01000 ADS8 PTCO/ADP8
01001 AD9 PTC1/ADP9
01010 AD10 PTC2/ADP10
01011 AD11 PTC3/ADP11
01100 AD12 PTF4/ADP12
01101 AD13 PTF5/ADP13
01110 AD14 PTF6/ADP14
01111 AD15 PTF7/ADP15
10000 AD16 Vss

Table continues on the next page...
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Table 3-28. ADC channel assigement (continued)

ADCH Channel Input
10001 AD17 Vss
10010 AD18 Vss
10011 AD19 Vss
10100 AD20 Reserved
10101 AD21 Reserved
10110 AD22 Temperature Sensor
10111 AD23 Bandgap
11000 AD24 Reserved
11001 AD25 Reserved
11010 AD26 Reserved
11011 AD27 Reserved
11100 AD28 Reserved
11101 AD29 VREFH
11110 AD30 VREFL
11111 Module disabled None

3.8.1.3 ADC analog supply and reference connections
This device includes dedicated VDDA and VREFL pins.

The VREFH pin of this device is internally connected to VDDA.

The VSSA pin of this device is internally connected to VSS.

3.8.1.4 Temperature sensor and bandgap

The ADC module integrates an on-chip temperature sensor. Following actions must be
performed to use this temperature sensor.

Configure ADC for long sample with a maximum of 1 MHz clock

Convert the bandgap voltage reference channel (AD23)
By converting the digital value of the bandgap voltage reference channel using
the value of Vg, the user can determine Vpp.

Convert the temperature sensor channel (AD22)
By using the calculated value of Vpp, convert the digital value of AD22 into a
VOltage, VTEMP
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3.8.1.5 Alternate clock

The ADC module is capable of performing conversions using the MCU bus clock, the
bus clock divided by 2, the local asynchronous clock (ADACK) within the module, or the
alternate clock, ALTCLK. The alternate clock for the devices is the external oscillator
output (OSC_OUT).

The selected clock source must run at a frequency such that the ADC conversion clock
(ADCK) runs at a frequency within its specified range (fapck) after being divided down
from the ALTCLK input as determined by ADC_SC3[ADIV].

ALTCLK is active while the MCU is in Wait mode provided the conditions described
above are met. This allows ALTCLK to be used as the conversion clock source for the
ADC while the MCU is in Wait mode.

ALTCLK cannot be used as the ADC conversion clock source while the MCU is in Stop
mode.

3.8.2 ACMP 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

Module signals
Other peripherals ACMP

Signal multiplexing

Figure 3-23. ACMP configuration

Table 3-29. Reference links to related information

Topic Related module Reference
Full description Analog comparator Comparator
(ACMP)
System memory map System memory map
Clocking Clock distribution
Power management Power management
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3.8.2.1 ACMP overview

The device contains two analog comparator modules (ACMP) which provide a circuit for
comparing two analog input voltages or for comparing one analog input voltage to an
internal reference voltage. The comparator circuit is used to operate across the full range
of the supply voltage (rail-to-rail operation).

The ACMP features four different inputs muxed with both positive and negative inputs to
the ACMP. One is fixed connected to built-in DAC output, the others are externally
mapped on pinouts.

The ACMP modules support internal bandgap reference voltage. When using the
bandgap reference, the user must enable the PMC bandgap buffer first.

The ACMP modules can continue to operate in Wait and Stop mode if enabled, and can
wake the MCU when a compare event occurs.

3.8.2.2 ACMP interconnections

The ACMPO output can be configured to connect with FTM1 input capture channel 0 by
setting SIM_SOPT[ACIC]. With ACIC field asserted, the FTM1_CHO pin is not
available externally regardless of the configuration of the FTM1 module for channel 0.

ACMPO output can be directly ejected to UARTO_RX by setting SIM_SOPT[RXDCE].
In this mode, UARTO_RX pinout does not work. Any external signal tagged to ACMPO
inputs can be regarded as input pins.

The following table shows the input connections to the ACMPO and ACMPL1.:
Table 3-30. ACMPO input connections

ACMPO channel Connection
0 PTAO/ACMPO_INO
1 PTAL/ACMPO_IN1
2 PTC4/ACMPO_IN2
3 DAC output

Table 3-31. ACMP1 input connections

ACMP1 channel Connection

PTA6/ACMP1_INO

PTA7/ACMP1_IN1

Table continues on the next page...
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Table 3-31. ACMP1 input connections (continued)

ACMP1 channel Connection
PTB4/ACMP1_IN2
DAC output

3.8.2.3 ACMP in Stop mode

ACMP continues to operate in Stop mode if enabled. If ACMPx_SC[ACOPE] is enabled,
comparator output will operate as in the normal operating mode and will control
ACMPx_OUT pin. The MCU is brought out of Stop mode when a compare event occurs
and ACMPx_CSJACIE] is enabled; ACMPx_CSJACF] flag sets accordingly.

3.9 Timers

3.9.1 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 3-24. FlexTimer configuration

Table 3-32. 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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3.9.1.1 FTM overview

The FTM timer contains up to six channels which support input capture, output compare
and the generation of PWM signals to control electric motor and power management
applications. FTM time reference is a 16-bit counter which can be used as an unsigned or
signed counter.

This device contains up to three FTM modules of one 6-channel FTM with full functions
and two 2-channel FTM with basic TPM functions. Each FTM module can use
independent external clock input. The table below summarizes the configuration of FTM

modules.
Table 3-33. FTM modules features

Feature FTMO/FTM1 FTM2
Number of channels 2 6
Initial counting value no yes
Periodic TOF no yes
Input capture mode yes yes
Channel input filter no channels 0, 1, 2 and 3
Output compare mode yes yes
Edge-Aligned PWM (EPWM) yes yes
Center-Aligned PWM (CPWM) yes yes
Combine mode no yes
Complementary mode no yes
PWM synchronization no yes
Inverting no yes
Software output control (SWOC) no yes
Deadtime insertion no yes
Output mask no yes
Fault control no yes
Number of fault inputs 0 3
Fault input filter no fault inputs 0, 1 and 2
Polarity control no yes
Initialization no yes
Channel match trigger no yes
Initialization trigger no yes
Capture test mode no yes
DMA no no
Dual edge capture mode no yes
Quadrature decoder mode no no
Quadrature decoder input filter no no

Table continues on the next page...
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Table 3-33. FTM modules features (continued)

Feature FTMO/FTM1 FTM2
Debug modes no yes
Intermediary load no yes
Global time base enable! no yes

Registers available

FTM_SC, FTM_CNT,
FTM_MOD,
FTM_COSC, FTM_COV,
FTM_C1SC, and
FTM_C1V,
FTM_EXTTRIG

FTM_SC, FTM_CNT, FTM_MOD, FTM_COSC,
FTM_COV, FTM_C1SC, and FTM_C1V,
FTM_C2SC, FTM_C2V, FTM_C3SC, FTM_C3V,
FTM_C4SC, FTM_C4V, FTM_C5SC, FTM_C5V,
FTM_CNTIN, FTM_STATUS, FTM_MODE,
FTM_SYNC, FTM_OUTINIT, FTM_OUTMASK,
FTM_COMBINE, FTM_DEADTIME,
FTM_EXTTRIG, FTM_POL, FTM_FMS,
FTM_FILTER, FTM_FLTCTRL, FTM_CONF,
FTM_FLTPOL, FTM_SYNCONF,
FTM_INVCTRL, FTM_SWOCTRL, and
FTM_PWMLOAD

1. The global time base (GTB) feature allows the synchronization of multiple FTM modules on a chip. It requires the GTB
function supported by all the related FTM modules. On this device, only one FTM module (FTM2) supports the GTB
function, so the GTB function is actually not usable.

3.9.1.2 FTM clock options

The selectable FTM source clock can be the system clock, the fixed frequency clock, or
an external clock. The selected control source is controlled by FTMx_SC[CLKS].

When FTMx_SC[CLKS] = 00, no clock is selected (this in effect, disables the FTM

counter).

When FTMx_SC[CLKS] = 01, the bus clock is selected.
When FTMx_SC[CLKS] = 10, the fixed frequency clock(ICSFFCLK) is selected.
When FTMx_SC[CLKS] = 11, the external clock is selected.

NOTE

Because the 32-pin LQFP and QFN packages have no
FTM2_CLK or FTM1 _CLK, do not set FTMx_SC[CLKS]

(x=1,2) as 11.

3.9.1.3 FTM interconnections

FTMO has following interconnections:

UARTO_TX signal can be modulated by FTMO channel 0 PWM output.
UARTO_RX signal can be tagged by FTMO channel 1 input capture function by
writing 1 to SIM_SOPT[RXDCE].
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FTM1 has following interconnections:

ACMPO output can be internally connected to FTM1 channel 0 capture input by
writing 1 to SIM_SOPT[ACIC].

RTC overflow can be connected to FTM1 channel 1 capture input by writing 1 to
SIM_SOPT[RTCC].

FTM2 supports three PWM synchronization sources:

Trigger0 is connected to the output of ACMPO .
Triggerl is connected to FTMO channel 0 output.
Trigger2 is a software trigger by writing 1 to SIM_SOPT[FTMSYNC].

FTMZ2 supports four FTM fault sources:

Fault O is connected to ACMPO output.
Faultl is connected to PTAG.

Fault 2 is connected to PTAY.

Fault 3 is not used.

3.9.1.4 FTM interrupts

The FlexTimer has multiple sources of interrupt. However, either source can generate a
single interrupt request to the interrupt controller. When an FTM interrupt occurs, read
the FTM status registers to determine the exact interrupt source.

3.9.2 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 3-25. PIT configuration

Table 3-34. 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

3.9.2.1 PIT overview
The PIT module is an array of timers that can be used to raise interrupts and triggers.

This device contains one PIT module with two channels and supporting chained timer
mode.

3.9.2.2 PIT interconnections

The PIT channel O trigger output can be used as ADC hardware trigger by setting
SIM_SOPT[ADHWT].

3.9.3 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.
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Figure 3-26. RTC configuration

Table 3-35. 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

3.9.3.1 RTC overview

The real-time counter (RTC) used on this device consists of one 16-bit counter, one 16-
bit comparator, several binary-based and decimal-based prescaler dividers, four clock
sources, and one programmable periodic interrupt. This module can be used for time-of-
day, calendar or any task scheduling functions. It can also serve as a cyclic wake-up from
low-power modes without external components.

3.9.3.2 RTC interconnections

Four software selectable clock sources are available for input to prescaler with selectable
binary-based and decimal-based divider values

1 kHz internal low-power oscillator (LPOCLK)
External clock (OSCERCLK)

32 kHz internal reference clock (ICSIRCLK)
Bus clock

RTC overflow trigger can be used as hardware trigger for ADC by configuring
SIM_SOPT[ADHWT] and may also be captured by FTM1 channell by configuring the
SIM_SOPT[RTCC].
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3.10 Communication interfaces

3.10.1 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.
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SPI Signal

multiplexing

Figure 3-27. SPI configuration

Table 3-36. Reference links to related information

Topic Related module Reference
Full description SPI SPI
System memory map System memory map
Clocking Clock Distribution

3.10.1.1 SPI overview
This device contains two SPI modules that support 8-bit data length.

The serial peripheral interface (SPI1) module provides for full-duplex, synchronous, serial
communication between the MCU and peripheral devices. These peripheral devices can
include other microcontrollers, analog-to-digital converters, shift registers, sensors,
memories, etc.

The SPI runs at a baud rate up to the bus clock divided by two in master mode and up to
the bus clock divided by 4 in slave mode. Software can poll the status flags, or SPI
operation can be interrupt-driven.
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3.10.2 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.
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Figure 3-28. 12C configuration

Table 3-37. 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

3.10.2.1 12C overview

This device contains an inter-integrated circuit (1I2C) module providing a method of
communication between a number of devices. The interface is designed to operate up to
100 kbit/s with maximum bus loading and timing. The device is capable of operating at
higher baud rates, up to a maximum of clock/20, with reduced bus loading. The
maximum communication length and the number of devices that can be connected are
limited by a maximum bus capacitance of 400 pF.

3.10.3 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 3-29. UART configuration

Table 3-38. 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

3.10.3.1 UART overview

This device includes up to three universal asynchronous receiver/transmitter (UART)
modules. The 32-pin LQFP and QFN packages have two UART modules and all the
other packages have three UART modules. Typically, these systems are used to connect
to the RS232 serial input/output port of a personal computer or workstation. They can
also be used to communicate with other embedded controllers.

A flexible, 13-bit, modulo-based baud rate generator supports a broad range of standard
baud rates beyond 115.2 kbaud. Transmit and receive within the same UART use a
common baud rate, and each UART module has a separate baud rate generator.

This UART system offers many advanced features not commonly found on other
asynchronous serial 1/0 peripherals on other embedded controllers. The receiver employs
an advanced data sampling technique that ensures reliable communication and noise
detection. Hardware parity, receiver wakeup, and double buffering on transmit and
receive are also included.

3.10.3.2 UART interconnection
UARTO can implement infrared functions through following tricks:
UARTO_TX Modulation:
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UARTO_TX output can be modulated by FTMO channel 0 PWM output.

UARTO_RX Tag:
UARTO_RX input can be tagged to FTMO channel 1 or filtered by ACMPO module

3.11 Human-machine interfaces (HMI)

3.11.1 GPIO configuration
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GPIO controller

Core

Signal multiplexing

ARM Cortex -M0O+

Figure 3-30. GPIO configuration

Table 3-39. 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
Crossbar switch Crossbar switch Crossbar switch

3.11.1.1 GPIO overview

The GPIO is multi-ported and can be accessed directly by the core with zero wait states at
base address 0xF800 0000 (FGPIO). It can also be accessed by the core through the
crossbar/AIPS interface at 0x400F _F000 and at an aliased slot (15) at address
0x4000_F000. All BME operations to the GPIO space can be accomplished referencing
the aliased slot (15) at address 0x4000_F000. Only some of the BME operations can be
accomplished referencing GPIO at address 0x400F_F00O.
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3.11.2 KBI configuration
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Figure 3-31. KBI configuration

Table 3-40. Reference links to related information

Topic

Related module

Reference

Full description

KBI

KBI

System memory map

System memory map

Clocking

Clock Distribution

Power management

Power management

Crossbar switch

Crossbar switch

Crossbar switch

3.11.2.1 KBI overview

This device has two keyboard interrupt modules (KBI) with up to 16 keyboard interrupt
inputs grouped in two KBI modules available depending on package.

3.11.2.2 KBI assighnments

The KBI port assignments is shown by the following table.

NOTE
32-pin LQFP and QFN packages have no KBI1 P4 to
KBI1_P7.
Table 3-41. KBI port assignment
KBI Port pin KBI Port pin
KBIO_PO PTAO KBI1_PO PTDO
KBIO_P1 PTA1 KBI1_P1 PTD1

Table continues on the next page...
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Table 3-41. KBI port assignment (continued)

KBI Port pin KBI Port pin
KBIO_P2 PTA2 KBI1_P2 PTD2
KBIO_P3 PTA3 KBI1_P3 PTD3
KBIO_P4 PTBO KBI1_P4 PTD4
KBIO_P5 PTB1 KBI1_P5 PTD5
KBIO_P6 PTB2 KBI1_P6 PTD6
KBIO_P7 PTB3 KBI1_P7 PTD7

3.11.3 IRQ configuration
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Figure 3-32. IRQ configuration

Table 3-42. Reference links to related information

Topic Related module Reference
Full description IRQ IRQ
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Crossbar switch Crossbar switch Crossbar switch

3.11.3.1 IRQ assignment
The IRQ is assigned to pin PTAS by default .
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Chapter 4
Memory Map

4.1 Introduction

This device contains various memories and memory-mapped peripherals which are
located in a 4 GB 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.

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 196 bytes)

Cortex-MO+ core

0x0800_0000 OxOFFF_FFFF Reserved
0x1000_0000 0x1000_OOFF2 EEPROM Cortex-M0O+ core
0x1000_0100 Ox1FFF_FBFF Reserved

OXLFFF_FCO00 OX1FFF_FFFF3

SRAM_L: Lower SRAM

Cortex-MO+ core

0x2000_0000 0x2000_OBFF

SRAM_U: Upper SRAM

Cortex-MO+ core

0x2000_0CO00 Ox3FFF_FFFF Reserved
0x4000_0000 0x4007_FFFF AIPS Peripherals Cortex-M0+ core
0x4008_0000 0x400F_EFFF Reserved

Ox400F_FO00 Ox400F FFFF

General-purpose input/output (GPIO)

Cortex-MO+ core

0x4010_0000 Ox43FF_FFFF

Reserved

0x4400_0000 OX5FFF_FFFF

Bit Manipulation Engine (BME) access to AIPS Peripherals for
slots 0 1274

Cortex-MO+ core

0x6000_0000 OxDFFF_FFFF

Reserved

0XE000_0000 OXEQOF_FFFF

Private Peripherals

Cortex-MO+ core

OxE010_0000 OXEFFF_FFFF

Reserved

Table continues on the next page...
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Table 4-1. System memory map (continued)

System 32-bit address range Destination slave Access
0xF000_0000 0xFO00_OFFF Reserved
0xFO00_1000 OxFOOO0_1FFF Reserved
0xFO00_2000 OxF000_2FFF System ROM table® Cortex-M0O+ core
0xF000_3000 0xFO00_3FFF Miscellaneous Control Module (MCM) Cortex-M0+ core
OxF000_4000 OxF7FF_FFFF Reserved
0xF800_0000 OxFFFF_FFFF 