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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 KL.25 microcontroller.

1.1.2 Audience

This document is primarily for system architects and software application developers
who are using or considering using the KLL25 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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Conventions

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, REVNOQ[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 70 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 L series of ARM® Cortex™-MO0+
MCUs and KL25 product family. It also presents high-level descriptions of the modules
available on the devices covered by this document.

2.2 Kinetis L Series

The Kinetis L series is the most scalable portfolio of ultra low-power, mixed-signal ARM
Cortex-M0+ MCUs in the industry. The portfolio includes 5 MCU families that offer a
broad range of memory, peripheral and package options. Kinetis L. Series families share
common peripherals and pin-counts allowing developers to migrate easily within an
MCU family or between MCU families to take advantage of more memory or feature
integration. This scalability allows developers to standardize on the Kinetis L Series for
their end product platforms, maximising hardware and software reuse and reducing time-
to-market.

Features common to all Kinetis L series families include:

* 48 MHz ARM Cortex-MO+ core

* High-speed 12/16-bit analog-to-digital converters

* 12-bit digital-to-analog converters for all series except for KLx4/KLx2 family

* High-speed analog comparators

* Low-power touch sensing with wake-up on touch from reduced power states for all
series except for KLx4 family

» Powerful timers for a broad range of applications including motor control

* Low power focused serial communication interfaces such as low power UART, SPI,
I2C etc.

* Single power supply: 1.71V - 3.6V with multiple low-power modes support single
operation temperature: -40 ~ 105 °C (exclude CSP package)
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Kinetis L Series

Kinetis L series MCU families combine the latest low-power innovations with precision
mixed-signal capability and a broad range of communication, connectivity, and human-
machine interface peripherals. Each MCU family is supported by a market-leading
enablement bundle from Freescale and numerous ARM 3rd party ecosystem partners.
The KLOx family is the entry-point to the Kinetis L series and is pin compatible with the
8-bit SO8PT family. The KL1x/2x/3x/4x families are compatible with each other and
their equivalent ARM Cortex-M4 Kinetis K series families - K10/20/30/40.

. Program
KL4x Family 128-256KB  64-121pin - Mwww o~ 8

KL3x Family 64-256KB  64-121pin - ‘WWW\[\,- B
KL2x Family 32-256KB ~ 32-121pin i "WWWIV '%’

KL1x Family 32-256KB 32-80pin - ‘MW[V
KLOx Family 8-32KB 16-48pin - MWW\/\’
i Low power Wr Mixed signal 0%>USB B Segment LCD

Figure 2-1. Kinetis L series families of MCU portfolio

All Kinetis L series 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 pin count. Features within the Kinetis L series families include:

* Core and Architecture:
e ARM Cortex-MO0O+ Core running up to 48 MHz with zero wait state execution
from memories

* Single-cycle access to I/O: Up to 50 percent faster than standard I/O,
improves reaction time to external events allowing bit banging and software
protocol emulation

» Two-stage pipeline: Reduced number of cycles per instruction (CPI),
enabling faster branch instruction and ISR entry, and reducing power
consumption

» Excellent code density vs. 8-bit and 16-bit MCUs - reduces flash size,
system cost and power consumption
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* Optimized access to program memory: Accesses on alternate cycles reduces
power consumption

* 100 percent compatible with ARM Cortex-MO and a subset ARM Cortex-
M3/M4: Reuse existing compilers and debug tools

» Simplified architecture: 56 instructions and 17 registers enables easy
programming and efficient packaging of 8/16/32-bit data in memory

* Linear 4 GB address space removes the need for paging/banking, reducing
software complexity

* ARM third-party ecosystem support: Software and tools to help minimize
development time/cost

* Micro Trace Buffer: Lightweight trace solution allows fast bug identification and
correction

 BME: Bit manipulation engine reduces code size and cycles for bit oriented
operations to peripheral registers eliminating traditional methods where the core
would need to perform read-modify-write operations.

* Up to 4-channel DMA for peripheral and memory servicing with minimal CPU
intervention (feature not available on KLO2 family)

 Ultra low-power:

» Extreme dynamic efficiency: 32-bit ARM Cortex-M0+ core combined with
Freescale 90 nm thin film storage flash technology delivers 50% energy savings
per Coremark versus the closest 8/16-bit competitive solution

* Multiple flexible low-power modes, including new operation clocking option
which reduces dynamic power by shutting off bus and system clocks for lowest
power core processing. Peripherals with an alternate asynchronous clock source
can continue operation.

* UART, SPI, I2C, ADC, DAC, TPM, LPT, and DMA support low-power mode
operation without waking up the core

* Memory:

* Scalable memory footprints from 8 KB flash / 1 KB SRAM to 256 KB flash / 32
KB SRAM

* Embedded 64 B cache memory for optimizing bus bandwidth and flash
execution performance (32 B cache on KLO2 family)

* Mixed-signal analog:

* Fast, high precision 16-, or 12-bit ADC with optional differential pairs, 12-bit
DAC, high speed comparators. Powerful signal conditioning, conversion and
analysis capability with reduced system cost (12-bit DAC not available on KL02
family)

e Human Machine Interface (HMI):

* Optional capacitive Touch Sensing Interface with full low-power support and
minimal current adder when enabled

* Segment LCD controller
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e Connectivity and Communications:

* Up to three UARTS, all UARTS support DMA transfers, and can trigger when
data on bus is detected, UARTO supports 4x to 32x over sampling ratio.
Asynchronous transmit and receive operation for operating in STOP/VLPS
modes.

* Up to two SPIs

« Up to two I*Cs

* Full-speed USB OTG controller with on-chip transceiver

* 5V to 3.3 V USB on-chip regulator

* One I2S

 Reliability, Safety and Security:
* Internal watchdog with independent clock source
e Timing and Control:

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

* Periodic Interrupt Timer for RTOS task scheduler time base or trigger source for
ADC conversion and timer modules

e System:

* GPIO with pin interrupt functionality

* 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 KL25 Sub-Family Introduction
The device is highly-integrated, market leading ultra low power 32-bit microcontroller
based on the enhanced Cortex-M0+ (CMO0+) core platform. The family derivatives
feature:

* Core platform clock up to 48 MHz, bus clock up to 24 MHz

* Memory option is up to 128 KB Flash and 16 KB RAM

* Wide operating voltage ranges from 1.71V to 3.6V with full functional Flash

program/erase/read operations
» Multiple package options from 32-pin to 80-pin
* Ambient operating temperature ranges from —40 °C to 105 °C

The family acts as an ultra low power, cost effective microcontroller to provide
developers an appropriate entry-level 32-bit solution. The family is next generation MCU
solution for low cost, low power, high performance devices applications. It’s valuable for
cost-sensitive, portable applications requiring long battery life-time.
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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-MO0+ core * 32-bit MCU core from ARM’s Cortex-M class, 1.77 CoreMark®/MHz from
single-cycle access memories, 48 MHz CPU frequency

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

Memories ¢ Internal memories include:
* Up to 128 KB flash memory
e upto 16 KB SRAM

Clocks ¢ Multiple clock generation options available from internally- and externally-
generated clocks
¢ MCG module with FLL and PLL for systems and CPU clock sources
* Low power 1 kHz RC oscillator for RTC and COP watchdog
¢ System oscillator to provide clock source for the MCU

Security e COP watchdog timer (COP)

Analog * 16-bit analog-to-digital converters with DMA supported and four muxed
differential pairs

* Comparator (CMP) with internal 6-bit digital-to-analog converter (DAC)

12-bit DAC with DMA support and two 16-bit data buffer

One 6-channel TPM

Two 2-channel TPMs

2-channel periodic interrupt timer
Real time clock

Low-power timer

System tick timer

Timers

Communications Two 8-bit serial peripheral interface

USB OTG controller with built-in FS/LS transceiver
USB voltage regulator

Two inter-integrated circuit (12C) modules

One low power UART module and two UART modules

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

» Capacitive touch sense input interface enabled in hardware
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2.4.1 ARM® Cortex™-M0+ Core Modules
The following core modules are available on this device.

Table 2-2. Core modules

Module Description

ARM® Cortex™-MO0+ The ARM® Cortex™-MO0+ 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-MO0 core, and upward compatible to
Cortex-M3 and M4 cores.

NVIC The ARMv6-M exception model and nested-vectored interrupt controller (NVIC)
implement a relocatable vector table supporting many external interrupts, a single
non-maskable interrupt (NMI), and priority levels.

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

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

Single-cycle 1/0 Port For high-speed, single-cycle access to peripherals, the Cortex-M0+ processor
implements a dedicated single-cycle 1/0O port.

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

» Serial Wire Debug (SWD)

2.4.2 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. 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.

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

Module

Description

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.

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.

Peripheral bridge

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 4 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- and 32-bit
data values.

Computer operating properly 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 — up to 128 KB of the non-volatile flash memory that can
execute program code

Flash memory controller

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

SRAM

Up to 16 KB internal system RAM.

2.4.4 Clocks

The following clock modules are available on this device.

Table 2-5. Clock modules

Module

Description

Multipurpose Clock Generator (MCG)

MCG module containing a frequency-locked-loop (FLL) and phase-locked-loop
(PLL) controlled by internal or external reference oscillator.

System oscillator

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

Watchdog Timer (WDOG) Watchdog Timer keeps a watch on the system functioning and resets it in case of
its failure.

2.4.6 Analog modules

The following analog modules are available on this device:

Table 2-7. Analog modules

Module Description
Analog-to-digital converters (ADC) 16-bit successive-approximation ADC module.
Analog comparators One comparator that compares two analog input voltages across the full range of
the supply voltage and can trigger an ADC acquisition, TPM update, or CPU
interrupt.

6-bit digital-to-analog converters (DAC) |64-tap resistor ladder network which provides a selectable voltage reference for
comparator.

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

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

Timer/PWM module (TPM) » Selectable TPM clock mode

¢ Prescaler divide-by 1, 2, 4, 8, 16, 32, 64, or 128

¢ 16-bit free-running counter or modulo counter with counting be up or up-
down

» Six configurable channels for input capture, output compare, or edge-aligned
PWM mode

» Support the generation of an interrupt and/or DMA request per channel

» Support the generation of an interrupt and/or DMA request when the counter
overflows

* Support selectable trigger input to optionally reset or cause the counter to
start incrementing.

e Support the generation of hardware triggers when the counter overflows and
per channel

Periodic interrupt timers (PIT) One general purpose interrupt timer

Interrupt timers for triggering ADC conversions
32-bit counter resolution

Clocked by bus clock frequency

DMA support

16-bit time counter or pulse counter with compare
» Configurable clock source for prescaler/glitch filter
¢ Configurable input source for pulse counter

Low power timer (LPTMR)

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
¢ XOSC 32.678 kHz nominal
e LPO (~1 kHz)
¢ External RTC_CLKIN

2.4.8 Communication interfaces

The following communication interfaces are available on this device:

Table 2-9. Communication modules

Module Description

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

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

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/ One low power UART module that retains functional in stop modes. Two UART

transmitters (UART) modules.
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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) Some general purpose input or output (GPIO) pins are capable of interrupt and
DMA request generation.
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.

Table 2-11. Orderable part numbers summary

Freescale part number CPU Pin count Package | Total flash RAM Temperature range
frequency memory
MKL25Z32VFM4 48 MHz 32 QFN 32 KB 4 KB -40to 105 °C
MKL25Z64VFM4 48 MHz 32 QFN 64 KB 8 KB -40to 105 °C
MKL25Z128VFM4 48 MHz 32 QFN 128 KB 16 KB -40to 105 °C
MKL25Z32VFT4 48 MHz 48 QFN 32 KB 4 KB -40to 105 °C
MKL25Z64VFT4 48 MHz 48 QFN 64 KB 8 KB -40 to 105 °C
MKL25Z128VFT4 48 MHz 48 QFN 128 KB 16 KB -40to 105 °C
MKL25Z32VLH4 48 MHz 64 LQFP 32 KB 4 KB -40to 105 °C
MKL25Z64VLH4 48 MHz 64 LQFP 64 KB 8 KB -40to 105 °C
MKL25Z2128VLH4 48 MHz 64 LQFP 128 KB 16 KB -40to 105 °C
MKL25Z32VLK4 48 MHz 80 LQFP 32 KB 4 KB -40to 105 °C
MKL25Z64VLK4 48 MHz 80 LQFP 64 KB 8 KB -40to 105 °C
MKL25Z128VLK4 48 MHz 80 LQFP 128 KB 16 KB -40 to 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 Module to Module Interconnects

The below table captures the Module to module interconnections for this device.

Table 3-1. Module to Module Interconnects
Peripheral Signal — to Peripheral Use Case Control Comment
TPM1 CHOF, CH1F to ADC (Trigger) | ADC Triggering | SOPT7_ADCAL | ChOis A, and
(A AND B) TTRGEN =0 Ch1is B,

selecting this
ADC trigger is
for supporting A
and B triggering.
In Stop and
VLPS modes,
the second
trigger must be
set to >10us
after the first
trigger

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 Comment
LPTMR Hardware trigger to ADC (Trigger) | ADC Triggering | SOPT7_ADCOT —
(AorB) RGSEL (4 bit
field),
ADCOPRETRG
SEL to select A
orB
TPMXx TOF to ADC (Trigger) | ADC Triggering | SOPT7_ADCOT —
(AorB) RGSEL (4 bit
field),
SOPT7_ADCOP
RETRGSEL to
select Aor B
PIT CHx TIFO, TIF1 to ADC (Trigger) | ADC Triggering | SOPT7_ADCOT —
(AorB) RGSEL (4 bit
field),
ADCOPRETRG
SEL to select A
orB
RTC ALARM or to ADC (Trigger) | ADC Triggering | SOPT7_ADCOT —
SECONDS (AorB) RGSEL (4 bit
field)
ADCOPRETRG
SEL to select A
orB
EXTRG_IN EXTRG_IN to ADC (Trigger) | ADC Triggering | SOPT7_ADCOT —
(AorB) RGSEL (4 bit
field)
ADCOPRETRG
SEL to select A
orB
CMPO CMPO_OUT to ADC (Trigger) | ADC Triggering | SOPT7_ADCOT —
(Aor B) RGSEL (4 bit
field)
ADCOPRETRG
SEL to select A
orB
CMPO CMPO_OUT to LPTMR_ALTO Count CMP LPTMR_CSRI[T —
events PS]
CMPO CMPO_OUT to TPM1 CHO Input capture | SOPT4_TPM1C —
HOSRC
CMPO CMPO_OUT to TPM2 CHO Input capture | SOPT4_TPM2C —
HOSRC
CMPO CMPO_OUT to UARTO_RX IR interface | SOPT5_UARTO —
RXSRC
CMPO CMPO_OUT to UART1_RX IR Interface | SOPT5_UART1 —
SRC
LPTMR Hardware trigger to CMPx Low power |CMP_CRI1[TRIG —
triggering of the M]
comparator

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 Comment
LPTMR Hardware trigger to TPMx TPM Trigger | TPMx_CONF[T —
input RGSEL] (4 bit
field)
TPMx TOF to TPMx TPM Trigger | TPMx_CONF[T —
input RGSEL] (4 bit
field)
TPM1 Timebase to TPMx TPM Global TPMx_CONF[G —
timebase input TBEEN]
PIT CHx TIFO, TIF1 to TPMx TPM Trigger | TPMx_CONF[T If PIT is
input RGSEL] (4 bit triggering the
field) TPM, the TPM
clock must be
faster than Bus
clock.
RTC ALARM or to TPMx TPM Trigger | TPMx_CONF[T —
SECONDS input RGSEL] (4 bit
field)
EXTRG_IN EXTRG_IN to TPMx TPM Trigger | TPMx_CONF[T —
input RGSEL] (4 bit
field)
CMPO CMPO_OUT to TPMx TPM Trigger | TPMx_CONF[T —
input RGSEL] (4 bit
field)
LPTMR Hardware trigger to TSI TSI triggering | TSI selects HW —
trigger
UARTO UARTO_TX to Modulated by UART SOPT5_UARTO —
TPM1 CHO modulation TXSRC
UARTO UARTO_TX to Modulated by UART SOPT5_UARTO —
TPM2 CHO modulation TXSRC
UARTA1 UART1_TX to Modulated by UART SOPT5_UART1 —
TPM1 CHO modulation TXSRC
UARTH1 UART1_TX to Modulated by UART SOPT5_UART1 —
TPM2 CHO modulation TXSRC
PIT TIFO to DAC Advance DAC DAC HWTRG —
FIFO Select
PIT TIFO to DMA CHO DMA HW DMA MUX —
Trigger register option
PIT TIF1 to DMA CH1 DMA HW DMA MUX —
Trigger register option
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3.2.2 Analog reference options

Several analog blocks have selectable reference voltages as shown in the below table.
These options allow analog peripherals to share or have separate analog references. Care
should be taken when selecting analog references to avoid cross talk noise.

Table 3-2. Analog reference options

Module Reference option Comment/ Reference selection
16-bit SAR ADC 1 - VREFH Selected by ADCx_SC2[REFSEL] bits

2 - VDDA

3 - Reserved

12-bit DAC 1 - VREFH Selected by DACx_CO[DACRFS] bit
2 - VDDA
CMP with 6-bit DAC Vin1 - VREFH Selected by CMPx_DACCR[VRSEL] bit
Vin2 - vDD'

1. Use this option for the best ADC operation.

3.3 Core Modules

3.3.1 ARM Cortex-M0+ 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 www.arm.com.
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Debug Interrupts

Crossbar ARM Cortex-MO0O+
switch Core

Figure 3-1. Core configuration

Table 3-3. Reference links to related information

Topic Related module Reference
Full description ARM Cortex-M0+ 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)

3.3.1.1 ARM Cortex M0+ Core

The ARM Cortex M0+ parameter settings are as follows:
Table 3-4. Table 3. ARM Cortex-M0+ parameter settings

Parameter Verilog Name Value Description
Arch Clock Gating ACG 1 = Present Implements architectural clock
gating
DAP Slave Port Support AHBSLV 1 Support any AHB debug
access port (like the CM4
DAP)
DAP ROM Table Base BASEADDR 0xF000_2003 Base address for DAP ROM
table

Table continues on the next page...
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Table 3-4. Table 3. ARM Cortex-M0+ parameter settings (continued)

Parameter Verilog Name Value Description
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
1/0 Port IOP 1 = Present Implements single-cycle Id/st
accesses to special addr
space
IRQ Mask Enable IRQDIS 0x00000000 Assume (for now) all 32 IRQs
are used (set if IRQ is
disabled)
Debug Port Protocol JTAGNSW 0=SWD SWD protocol, not JTAG
Core Memory Protection MPU 0 = Absent No MPU
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 Register VTOR 1 = Present Implements relocation of
exception vector table
WIC Support WIC 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-MO+ 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:

* single 32-bit AMBA-3 AHB-Lite system interface that provides connections to
peripherals and all system memory, which includes flash and RAM.
* single 32-bit I/O port bus interfacing to the GPIO with 1-cycle loads and stores.
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3.3.1.3 System Tick Timer

The CLKSOURCE bit 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 bit in the SysTick
Calibration Value Register is always zero.

3.3.1.4 Debug Facilities
This device supports standard ARM 2-pin SWD debug port.

3.3.1.5 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

3.3.2 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 www.arm.com.

é Interrupts
5 o PPB Nested Vectored
S8 Interrupt Controller . -
= (NVIC) : :
:

Figure 3-2. NVIC configuration

Table 3-5. Reference links to related information

Topic Related module Reference
Full description Nested Vectored ARM Cortex-M0+ Technical Reference Manual
Interrupt Controller
(NVIC)

Table continues on the next page...
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Table 3-5. Reference links to related information (continued)

Topic Related module Reference
System memory map System memory map
Clocking Clock distribution
Power management Power management
Private Peripheral Bus | ARM Cortex-MO+ core ARM Cortex-MO0+ core
(PPB)

3.3.2.1 Interrupt priority levels

This device supports 4 priority levels for interrupts. Therefore, in the NVIC each source
in the IPR registers contains 2 bits. For example, IPRO is shown below:

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

R 0j0ofo0oj0j0]|O 0j0ofojo0jo0|O 0jofojojo0|O 0jofojojo|o0
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 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.

* 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 3-7. Interrupt vector assignments

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?

ARM Core System Handler Vectors

Table continues on the next page...
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Table 3-7. Interrupt vector assignments (continued)

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?
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 DMA DMA channel 0 transfer complete and error
0x0000_0044 17 1 0 DMA DMA channel 1 transfer complete and error
0x0000_0048 18 2 0 DMA DMA channel 2 transfer complete and error
0x0000_004C 19 3 0 DMA DMA channel 3 transfer complete and error
0x0000_0050 20 4 1 — —
0x0000_0054 21 5 1 FTFA Command complete and read collision
0x0000_0058 22 6 1 PMC Low-voltage detect, low-voltage warning
0x0000_005C 23 7 1 LLWU Low Leakage Wakeup
0x0000_0060 24 8 2 [2Co
0x0000_0064 25 9 2 12C1
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
0x0000_0074 29 13 3 UART1 Status and error
0x0000_0078 30 14 3 UART2 Status and error
0x0000_007C 31 15 3 ADCO
0x0000_0080 32 16 4 CMPO
0x0000_0084 33 17 4 TPMO
0x0000_0088 34 18 4 TPM1
0x0000_008C 35 19 4 TPM2

Table continues on the next page...
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Table 3-7. Interrupt vector assignments (continued)

Address Vector IRQ! NVIC Source module Source description
IPR
register
number?
0x0000_0090 36 20 5 RTC Alarm interrupt
0x0000_0094 37 21 5 RTC Seconds interrupt
0x0000_0098 38 22 5 PIT Single interrupt vector for all channels
0x0000_009C 39 23 5 — —
0x0000_00A0 40 24 6 USB OTG
0x0000_00A4 41 25 6 DACO
0x0000_00A8 42 26 6 TSIO
0x0000_00AC 43 27 6 MCG
0x0000_00B0 44 28 7 LPTMRO
0x0000_00B4 45 29 7 —
0x0000_00B8 46 30 7 Port control module | Pin detect (Port A)
0x0000_00BC 47 31 7 Port control module |Pin detect ( Port D)

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

3.3.2.3.1 Determining the bitfield 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 3-8. 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:
* NVICIPR2

* To determine the particular IRQ's bitfield location within these particular registers:
* NVICIPR?2 bitfield starting location = 8 * (IRQ mod 4) + 6 =22

Since the NVICIPR bitfields are 2-bit wide (4 priority levels), the NVICIPR?2 bitfield
range is 22-23

Therefore, the following bitfield locations are used to configure the SPIO interrupts:
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* NVICIPR2[23:22]

3.3.3 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 www.arm.com.

Clock logic

Wake-up
3 i requests
= O
22~ Asynchronous
XH Moot |
= Wake-up Interrupt
- Controller (AWIC) H H
[N

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

Table 3-9. 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

3.3.3.1 Wake-up sources

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

Table 3-10. AWIC stop wake-up sources

Wake-up source Description
Available system resets RESET pin when LPO is its clock source
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
ADC The ADC is functional when using internal clock source

Table continues on the next page...
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Table 3-10. AWIC stop wake-up sources (continued)

Wake-up source

Description

CMPO Interrupt in normal or trigger mode
[2Cx Address match wakeup
UARTO Any interrupt provided clock remains enabled

UART1 and UART2

Active edge on RXD

RTC

Alarm or seconds interrupt

TSI Any interrupt

NMI NMI pin

TPMXx Any interrupt provided clock remains enabled
LPTMR Any interrupt provided clock remains enabled
SPI Slave mode interrupt

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.

Peripheral
bridge

Register
access

System integration
module (SIM)

Figure 3-4. SIM configuration

Table 3-11. 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
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3.4.2 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

System Mode
Controller (SMC)

Resets

Power Management
Controller (PMC)

Figure 3-5. System Mode Controller configuration

Table 3-12. Reference links to related information

Topic Related module Reference
Full description System Mode SMC
Controller (SMC)
System memory map System memory map
Power management Power management
Power management PMC
controller (PMC)
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.4.2.1 VLLS2 not supported
VLLS2 power mode is not supported on this device.

3.4.3 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 3-6. PMC configuration

Table 3-13. 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 System Mode Controller
Controller (SMC)
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.4.4 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 3-7. Low-Leakage Wake-up Unit configuration

Table 3-14. 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)

System Mode
Controller (SMC)

System Mode Controller

Wake-up requests

LLWU wake-up sources

3.4.4.1 LLWU interrupt

NOTE

Do not mask the LLWU interrupt when in LLS mode. Masking
the interrupt prevents the device from exiting stop mode when a
wakeup is detected.

3.4.4.2 Wake-up Sources

The device uses the following internal peripheral and external pin inputs as wakeup
sources to the LLWU module. LLWU_Px are external pin inputs, and LLWU_MOIF-
MTIF are connections to the internal peripheral interrupt flags.

NOTE

In addition to the LLWU wakeup sources, the device also
wakes from low power modes when NMI or RESET pins are
enabled and the respective pin is asserted.
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Table 3-15. Wakeup Sources

LLWU pin Module source or pin name
LLWU_P5 PTBO
LLWU_P6 PTCA
LLWU_P7 PTC3
LLWU_P8 PTC4
LLWU_P9 PTC5
LLWU_P10 PTC6
LLWU_P14 PTD4
LLWU_P15 PTD6
LLWU_MOIF LPTMRO
LLWU_M1IF CMPO
LLWU_M2IF Reserved
LLWU_MSIF Reserved
LLWU_M4IF TSIO
LLWU_MS5IF RTC Alarm
LLWU_M6IF Reserved
LLWU_M7IF RTC Seconds

3.4.5 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.

Miscellaneous

Control Module
Transfers Transfers

(MCM)

Flash Memory
Controller

ARM Cortex-M0+
core

Figure 3-8. MCM configuration

Table 3-16. 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-MO+ core ARM Cortex-MO0+ core
(PPB)

Table continues on the next page...
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Table 3-16. Reference links to related information (continued)

Topic

Related module Reference

Transfer

Flash memory
controller

Flash memory controller

3.4.6 Crossb

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.

ar-Light Switch Configuration

> GPIO
\ controller
Crossbar Switch A
o Flash
@ controller
ARM core g [=)
unified bus ==
> SRAML
> | N -
DMA > g 5
> SRAMU
usB > 2
& UEJ —> Peripheral —> Peripherals
« o bridge 0 P
p—
Master Modules : Slave Modules

Figure 3-9. Crossbar-Light switch integration

Table 3-17. 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-M0+ core ARM Cortex-M0+ core

Crossbar switch master

DMA controller DMA controller

Crossbar switch master

USB FS/LS USB FS/LS

Crossbar switch slave

Flash memory
controller

Flash memory controller

Crossbar switch slave

SRAM controller SRAM configuration

Table continues on the next page...
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Table 3-17. Reference links to related information (continued)

Topic Related module Reference
Crossbar switch slave Peripheral bridge Peripheral bridge
GPIO controleer

GPIO controller

2-ported peripheral

3.4.6.1 Crossbar-Light Switch Master Assignments

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

Master module Master port number
ARM core unified bus 0
DMA 2
USB OTG 3

3.4.6.2 Crossbar Switch Slave Assignments

This device contains 3 slaves connected to the crossbar switch.

The slave assignment is as follows:

Slave port number

Slave module

Flash memory controller 0
SRAM controller 1
Peripheral bridge 0 2

3.4.7 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.
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Transfers AIPS-Lite Transfers
peripheral bridge

Crossbar switch
Peripherals

Figure 3-10. Peripheral bridge configuration

Table 3-18. 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

3.4.7.1 Number of peripheral bridges

This device contains one peripheral bridge.

3.4.7.2 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.

3.4.8 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 3-11. DMA request multiplexer configuration

Table 3-19. Reference links to related information

Topic

Related module

Reference

Full description

DMA request
multiplexer

DMA Mux

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Channel request

DMA controller

DMA Controller

Requests

DMA request sources

3.4.8.1

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 no hard correlation
between any of the DMA request sources and a specific DMA channel. Some of the
modules support Asynchronous DMA operation as indicated by the last column in the
following DMA source assignment table.

Table 3-20. DMA request sources - MUX 0

Source Source module Source description Async DMA
number capable

0 — Channel disabled’

1 Reserved Not used

2 UARTO Receive Yes

3 UARTO Transmit Yes

4 UART1 Receive

5 UART1 Transmit

6 UART2 Receive

7 UART2 Transmit

Table continues on the next page...
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Table 3-20. DMA request sources - MUX 0 (continued)

Source Source module Source description Async DMA
number capable

8 Reserved —

9 Reserved —

10 Reserved —

11 Reserved —

12 Reserved —

13 Reserved —

14 Reserved -

15 Reserved —

16 SPIO Receive

17 SPIO Transmit

18 SPI1 Receive

19 SPIH Transmit

20 Reserved —

21 Reserved —

22 12CO —

23 [2C1 —

24 TPMO Channel 0 Yes
25 TPMO Channel 1 Yes
26 TPMO Channel 2 Yes
27 TPMO Channel 3 Yes
28 TPMO Channel 4 Yes
29 TPMO Channel 5 Yes
30 Reserved —

31 Reserved —

32 TPMA Channel 0 Yes
33 TPM1 Channel 1 Yes
34 TPM2 Channel 0 Yes
35 TPM2 Channel 1 Yes
36 Reserved —

37 Reserved —

38 Reserved —

39 Reserved —

40 ADCO — Yes
41 Reserved -

42 CMPO — Yes
43 Reserved —

44 Reserved —

45 DACO —

46 Reserved —

Table continues on the next page...
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Table 3-20. DMA request sources - MUX 0 (continued)

Source Source module Source description Async DMA
number capable
47 Reserved —
48 Reserved —
49 Port control module Port A Yes
50 Reserved —
51 Reserved —
52 Port control module Port D Yes
53 Reserved —
54 TPMO Overflow Yes
55 TPM1 Overflow Yes
56 TPM2 Overflow Yes
57 TSI — Yes
58 Reserved —
59 Reserved —
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.

3.4.8.2 DMA transfers via PIT trigger

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

3.4.9 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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Transfers

Peripheral
bridge O

Register
access

Crossbar switch

DMA Controller

Requests

DMA Multiplexer

Figure 3-12. DMA Controller configuration

Table 3-21. Reference links to related information

Topic

Related module

Reference

Full description

DMA controller

DMA controller

System memory map

System memory map

Clocking

Clock distribution

Power management

Power management

Crossbar switch

Crossbar switch

Crossbar switch

Requests

DMA request sources

3.4.10 Computer Operating Properly (COP) Watchdog

Configuration

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

Peripheral
bridge 0

Register
access

Mode Controller

WDOG

Figure 3-13. COP watchdog configuration

Table 3-22. Reference links to related information

Topic

Related module

Reference

Clocking

Clock distribution

Power management

Power management

Table continues on the next page...

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc.

67



System Modules

Table 3-22. Reference links to related information (continued)

Topic Related module Reference
Programming model System Integration SIM
Module (SIM)

3.4.10.1 COP clocks
The two clock inputs for the COP are the 1 kHz clock and the bus clock.

3.4.10.2 COP watchdog operation

The COP watchdog is intended to force a system reset when the application software fails
to execute as expected. To prevent a system reset from the COP timer (when it is
enabled), application software must reset the COP counter periodically. If the application
program gets lost and fails to reset the COP counter before it times out, a system reset is
generated to force the system back to a known starting point.

After any reset, the COP watchdog is enabled. If the COP watchdog is not used in an
application, it can be disabled by clearing COPCTRL[COPT] in the SIM.

The COP counter is reset by writing 0x55 and 0XxAA (in that order) to the address of the
SIM's Service COP (SRVCOP) register during the selected timeout period. Writes do not
affect the data in the SRVCOP register. As soon as the write sequence is complete, the
COP timeout period is restarted. If the program fails to perform this restart during the
timeout period, the microcontroller resets. Also, if any value other than 0x55 or OxAA is
written to the SRVCOP register, the microcontroller immediately resets.

The SIM's COPCTRL[COPCLKS] field selects the clock source used for the COP timer.
The clock source options are either the bus clock or an internal 1 kHz clock source. With
each clock source, there are three associated timeouts controlled by COPCTRL[COPT].
The following table summarizes the control functions of the COPCLKS and COPT bits.
The COP watchdog defaults to operation from the 1 kHz clock source and the longest
timeout for that clock source (210 cycles).

Table 3-23. COP configuration options

Control Bits Clock Source COP Window Opens COP Overflow Count
COPCTRL[COPCLKS] COPCTRL[COPT] (COPCTRL[COPW]=1)
N/A 00 N/A N/A COP is disabled
0 01 1 kHz N/A 25 cycles (32 ms)

Table continues on the next page...
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Table 3-23. COP configuration options (continued)

Control Bits

COPCTRL[COPCLKS]

COPCTRL[COPT]

Clock Source

COP Window Opens
(COPCTRL[COPW]=1)

COP Overflow Count

0 10 1 kHz N/A 28 cycles (256 ms)
0 11 1 kHz N/A 210 cycles (1024 ms)
1 01 Bus 6,144 cycles 213 cycles

1 10 Bus 49,152 cycles 216 cycles

1 11 Bus 196,608 cycles 218 cycles

After the bus clock source is selected, windowed COP operation is available by setting
COPCTRL[COPW] in the SIM. In this mode, writes to the SRVCOP register to clear the
COP timer must occur in the last 25% of the selected timeout period. A premature write
immediately resets the chip. When the 1 kHz clock source is selected, windowed COP
operation is not available.

The COP counter is initialized by the first writes to the SIM's COPCTRL register and
after any system reset. Subsequent writes to the SIM's COPCTRL register have no effect
on COP operation. Even if an application uses the reset default settings of the COPT,
COPCLKS, and COPW bits, the user should write to the write-once COPCTRL register
during reset initialization to lock in the settings. This approach prevents accidental
changes if the application program becomes lost.

The write to the SRVCOP register that services (clears) the COP counter should not be
placed in an interrupt service routine (ISR) because the ISR could continue to be
executed periodically even if the main application program fails.

If the bus clock source is selected, the COP counter does not increment while the
microcontroller is in debug mode or while the system is in stop (including VLPS or LLS)
mode. The COP counter resumes when the microcontroller exits debug mode or stop
mode.

If the 1 kHz clock source is selected, the COP counter is re-initialized to zero upon entry
to either debug mode or stop (including VLPS or LLS) mode. The counter begins from
zero upon exit from debug mode or stop mode.

Regardless of the clock selected, the COP is disabled when the chip enters a VLLSx
mode. Upon a reset that wakes the chip from the VLLSx mode, the COP is re-initialized
and enabled as for any reset.
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3.4.10.3 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 module.

3.5 Clock Modules

3.5.1 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.

Peripheral
bridge

Register
access

Multipurpose Clock
Generator (MCG)

oscillator

System

System integration
module (SIM)

Figure 3-14. MCG configuration

Table 3-24. 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

3.5.1.1 MCG FLL modes

On L-series devices the MCGFLLCLK frequency is limited to 48 MHz max. The DCO is
limited to the two lowest range settings (MCG_C4[DRST_DRS] must be set to either

0b00 or 0b01).
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3.5.2 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.

Peripheral
bridge

Register
access

Module signals

System oscillator

‘ RTC H MCG ‘

Signal multiplexing

Figure 3-15. OSC configuration

Table 3-25. Reference links to related information

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

3.5.2.1 OSC modes of operation with MCG and RTC

The most common method of controlling the OSC block is through MCG clock source
selection MCG_CI1[CLKS] and the MCG_C2 register bits to configure the oscillator
frequency range, gain-mode, and for crystal or external clock operation. The OSC_CR
also provides control for enabling the OSC and configuring internal load capacitors for
the EXTAL and XTAL pins. See the OSC and MCG chapters for more details.

The RTC_CR[OSCE] bit has overriding control over the MCG and OSC_CR enable
functions. When RTC_CR[OSCE] is set, the OSC is configured for low frequency, low
power and the RTC_CR[SCxP] bits override the OSC_CR[SCxP] bits to control the
internal capacitance configuration. See the RTC chapter for more details.
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3.6 Memories and Memory Interfaces

3.6.1 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.

Peripheral bus
controller 0

Register
access

Transfers
Flash memory

Flash memory
controller

Figure 3-16. Flash memory configuration

Table 3-26. Reference links to related information

Topic Related module Reference

Full description Flash memory Flash memory
System memory map

Clock Distribution

System memory map

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

3.6.1.1 Flash Memory Sizes

The devices covered in this document contain 1 program flash block consisting of 1 KB
sectors.

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

Table 3-27. KL25 flash memory size

Device Program flash (KB) Block 0 (P-Flash) address range
MKL25Z32VFM4 32 0x0000_0000 — 0x0000_7FFF
MKL25Z64VFM4 64 0x0000_0000 — 0x0000_FFFF

Table continues on the next page...
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Table 3-27. KL25 flash memory size (continued)

Device Program flash (KB) Block 0 (P-Flash) address range
MKL25Z128VFM4 128 0x0000_0000 — 0x0001_FFFF
MKL25Z32VFT4 32 0x0000_0000 — 0x0000_7FFF
MKL25Z64VFT4 64 0x0000_0000 — 0x0000_FFFF
MKL25Z128VFT4 128 0x0000_0000 — 0x0001_FFFF
MKL25Z32VLH4 32 0x0000_0000 — 0x0000_7FFF
MKL25Z64VLH4 64 0x0000_0000 — 0x0000_FFFF
MKL25Z128VLH4 128 0x0000_0000 — 0x0001_FFFF
MKL25Z32VLK4 32 0x0000_0000 — 0x0000_7FFF
MKL25Z64VLK4 64 0x0000_0000 — 0x0000_FFFF
MKL25Z128VLK4 128 0x0000_0000 — 0x0001_FFFF

3.6.1.2 Flash Memory Map

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

Flash memory base address
Registers

Program flash base address

Flash configuration field
Program flash

Figure 3-17. Flash memory map

The on-chip Flash 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
Memory Sizes for details of supported ranges.

Accesses 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. Read collision events in which flash memory is accessed while a
flash memory resource is being manipulated by a flash command also generates a bus
error response.

3.6.1.3 Flash Security

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

The flash memory chapter defines two modes of operation - NVM normal and NVM
special modes. On this device, The flash memory only operates in NVM normal mode.
All references to NVM special mode should be ignored.

3.6.1.5 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[0]. MDM-AP
STATUSIO] is set to indicate the mass erase command has been accepted. MDM-AP
STATUSIO] is cleared when the mass erase completes.

3.6.1.6 FTFA_FOPT Register

The flash memory's FTFA_FOPT register allows the user to customize the operation of
the MCU at boot time. See FOPT boot options for details of its definition.

3.6.2 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 MCM_PLACR register description for details on the reset configuration of the FMC.
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MCM
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Crossbar switch

Flash memory
controller

Transfers

Flash memory

Figure 3-18. Flash memory controller configuration

Table 3-28. 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

3.6.3 SRAM Configuration

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

Cortex-MO+H
core

crossbar

Y

switch

SRAM

Transfers

SRAM upper

controller

SRAM lower

Figure 3-19. SRAM configuration

Table 3-29. Reference links to related information

Topic

Related module

Reference

Full description

SRAM

SRAM

System memory map

System memory map

Clocking

Clock Distribution

ARM Cortex-M0+ core

ARM Cortex-M0+ core
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3.6.3.1 SRAM Sizes

This device contains SRAM which could be accessed by bus masters through the cross-
bar switch. The amount of SRAM for the devices covered in this document is shown in
the following table.

Table 3-30. KL25 SRAM memory size

Device SRAM (KB)
MKL25Z32VFM4 4
MKL25Z64VFM4 8

MKL25Z128VFM4 16
MKL25Z32VFT4
MKL25Z64VFT4

MKL25Z128VFT4 16
MKL25Z32VLH4
MKL25Z64VLH4

MKL25Z128VLH4 16
MKL25Z32VLK4
MKL25Z64VLK4

MKL25Z128VLK4 16

3.6.3.2 SRAM Ranges

The on-chip SRAM is split into two ranges, 1/4 is allocated 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 Ox1FFF_FFFF
* SRAM_U = 0x2000_0000 to [0x2000_0000+(SRAM_size*(3/4))-1]

This is illustrated in the following figure.
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Figure 3-20. SRAM blocks memory map

For example, for a device containing 16 KB of SRAM the ranges are:

« SRAM_L: Ox1FFF_F000 — Ox1FFF_FFFF
* SRAM_U: 0x2000_0000 — 0x2000_2FFF

3.6.3.3 SRAM retention in low power modes

The SRAM is retained down to VLLS3 mode. In VLLS1 and VLLSO no SRAM 1is
retained.

3.7 Analog

3.7.1 16-bit SAR ADC Configuration

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

comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-21. 16-bit SAR ADC configuration
Table 3-31. Reference links to related information
Topic Related module Reference
Full description 16-bit SAR ADC 16-bit SAR ADC
System memory map System memory map
Clocking Clock distribution

Power management Power management

Signal multiplexing Port control Signal multiplexing

3.7.1.1  ADC Instantiation Information
This device contains one 16 -bit successive approximation ADC with up to 16-channel.

The ADC supports both software and hardware triggers. The hardware trigger sources are
listed in the Module-to-Module section.

The number of ADC channels present on the device is determined by the pinout of the
specific device package and is shown in the following table.

Table 3-32. Number of KL25 ADC channels

Device Number of ADC channels
MKL25Z32VFM4 7
MKL25Z64VFM4 7
MKL25Z128VFM4 7
MKL25Z32VFT4 13
MKL25Z64VFT4 13
MKL25Z128VFT4 13
MKL25Z32VLH4 14
MKL25Z64VLH4 14
MKL25Z128VLH4 14
MKL25Z32VLK4 14

Table continues on the next page...
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Table 3-32. Number of KL25 ADC channels (continued)

Device Number of ADC channels
MKL25Z64VLK4 14
MKL25Z128VLK4 14

3.7.1.2 DMA Support on ADC

Applications may require continuous sampling of the ADC that may have considerable
load on the CPU. The ADC supports DMA request functionality for higher performance
when the ADC is sampled at a very high rate. The ADC can trigger the DMA (via DMA

req) on conversion completion.

3.7.1.3 ADCO Connections/Channel Assignment

NOTE

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

3.7.1.3.1 ADCO Channel Assignment
ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]= 1) (SC1n[DIFF]= 0)
00000 DADO ADCO0_DPO and ADCO_DMO | ADCO_DPO/ADCO_SEO
00001 DAD1 ADCO_DP1 and ADCO_DM1 | ADCO_DP1/ADCO_SE1
00010 DAD2 ADCO_DP2 and ADCO_DM2 | ADCO_DP2/ADCO_SE2
00011 DAD3 ADCO_DP3 and ADCO_DM3 | ADCO_DP3/ADCO_SES3
00100 AD4a Reserved ADCO_DMO0/ADCO_SE4a
00101° AD5a Reserved ADCO_DM1/ADCO_SE5a
00110! AD6a Reserved ADCO_DM2/ADCO_SE6a
00111 AD7a Reserved ADCO_DM3/ADCO_SE7a
00100! AD4b Reserved ADCO_SE4b
00101 AD5b Reserved ADCO_SE5b
00110° AD6b Reserved ADCO_SE6b
001111 AD7b Reserved ADCO_SE7b
01000 AD8 Reserved ADCO_SES8
01001 AD9 Reserved ADCO_SE9
01010 AD10 Reserved Reserved

Table continues on the next page...
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ADC Channel Channel Input signal Input signal
(SC1n[ADCH]) (SC1n[DIFF]=1) (SC1n[DIFF]= 0)

01011 AD11 Reserved ADCO_SE11

01100 AD12 Reserved ADCO_SE12

01101 AD13 Reserved ADCO_SE13

01110 AD14 Reserved ADCO_SE14

01111 AD15 Reserved ADCO_SE15

10000 AD16 Reserved Reserved

10001 AD17 Reserved Reserved

10010 AD18 Reserved Reserved

10011 AD19 Reserved Reserved

10100 AD20 Reserved Reserved

10101 AD21 Reserved Reserved

10110 AD22 Reserved Reserved

10111 AD23 Reserved 12-bit DACO Output/
ADCO_SE23

11000 AD24 Reserved Reserved

11001 AD25 Reserved Reserved

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

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

11100 AD28 Reserved Reserved

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

11110 AD30 Reserved VREFL

11111 AD31 Module Disabled Module Disabled

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

2. This is the PMC bandgap 1V reference voltage. Prior to reading from this ADC channel, ensure that you enable the
bandgap buffer by setting the PMC_REGSC[BGBE] bit. Refer to the device data sheet for the bandgap voltage (Vgg)
specification.

3.7.1.4 ADC Analog Supply and Reference Connections
This device includes dedicated VDDA and VSSA pins.

This device contains separate VREFH and VREFL pins on 48-pin and higher devices.
These pins are internally connected to VDDA and VSSA respectively, on 32-pin devices.

3.7.1.5 ADC Reference Options

The ADC supports the following references:
 VREFH/VREFL - connected as the primary reference option
* VDDA - connected as the V51 1 reference option
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3.7.2 CMP Configuration

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

Peripheral
bridge 0

Register
access

Module signals
Other peripherals CMP

Signal multiplexing

Figure 3-22. CMP configuration

Table 3-33. Reference links to related information

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

3.7.2.1 CMP Instantiation Information

The device includes one high speed comparator and two 8-input multiplexors for both the
inverting and non-inverting inputs of the comparator. Each CMP input channel connects
to both muxes. Two of the channels are connected to internal sources, leaving resources
to support up to 6 input pins. See the channel assignment table for a summary of CMP
input connections for this device.

The CMP also includes one 6-bit DAC with a 64-tap resistor ladder network, which
provides a selectable voltage reference for applications where voltage reference is needed
for internal connection to the CMP.

The CMP can be optionally on in all modes except VLLSO.

The CMP has several module to module interconnects in order to facilitate ADC
triggering, TPM triggering and UART IR interfaces. For complete details on the CMP
module interconnects please refer to the Module-to-Module section.

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc. 81




A ————
Analog

The CMP does not support window compare function and CMP_CR1[WE] must always
be written to 0. The sample function has limited functionality since the SAMPLE input to
the block is not connected to a valid input. Usage of sample operation is limited to a
divided version of the bus clock (CMP_CRI1[SE] = 0).

Due to the pin number limitation, the CMP pass through mode is not supported by this
device, so the CMPx_MUXCR[PSTM] must be left as 0.

3.7.2.2 CMP input connections

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

Table 3-34. CMP input connections

CMP Inputs CMPO
INO CMPO_INO
IN1 CMPO_IN1
IN2 CMPO_IN2
IN3 CMPO_IN3
IN4 12-bit DACO reference/ CMPO_IN4
IN5 CMPO_IN5
IN6 Bandgap'
IN7 6-bit DACO reference

1. This is the PMC bandgap 1V reference voltage. Prior to using as CMP input, ensure that you enable the bandgap buffer by
setting the PMC_REGSC[BGBE] bit. Refer to the device data sheet for the bandgap voltage (Vgg) specification.

3.7.2.3 CMP external references

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

* VREFH - V;,; input. When using VREFH, any ADC conversion using this same
reference at the same time is negatively impacted.
* VDD - V;,, input

3.7.2.4 CMP trigger mode

The CMP and 6-bit DAC sub-block supports trigger mode operation when the
CMP_CRI[TRIGM] is set. When trigger mode is enabled, the trigger event will initiate a
compare sequence that must first enable the CMP and DAC prior to performing a CMP
operation and capturing the output. In this device, control for this two staged sequencing
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is provided from the LPTMR. The LPTMR triggering output is always enabled when the
LPTMR is enabled. The first signal is supplied to enable the CMP and DAC and is
asserted at the same time as the TCF flag is set. The delay to the second signal that
triggers the CMP to capture the result of the compare operation is dependent on the
LPTMR configuration. In Time Counter mode with prescaler enabled, the delay is 1/2
Prescaler output period. In Time Counter mode with prescaler bypassed, the delay is 1/2
Prescaler clock period.

The delay between the first signal from LPTMR and the second signal from LPTMR
must be greater than the Analog comparator initialization delay as defined in the device
datasheet.

3.7.3 12-bit DAC Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-23. 12-bit DAC configuration

Table 3-35. Reference links to related information

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

3.7.3.1 12-bit DAC Instantiation Information

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

The output of the DAC can be placed on an external pin or selected as an input to the
analog comparator or ADC.

3.7.3.3 12-bit DAC Analog Supply and Reference Connections
This device includes dedicated VDDA and VSSA pins.

This device contains separate VREFH and VREFL pins on 48-pin and higher devices.
These pins are internally connected to VDDA and VSSA respectively, on 32-pin devices.

3.7.3.4 12-bit DAC Reference

For this device VREFH and VDDA are selectable as the DAC reference. VREFH 1is
connected to the DACREF_1 input and VDDA is connected to the DACREF_2 input.
Use DACx_CO[DACREFS] control bit to select between these two options.

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

3.8 Timers

3.8.1 Timer/PWM Module 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. TPM configuration

Table 3-36. Reference links to related information

Topic Related module Reference
Full description Timer/PWM Module Timer/PWM Module
System memory map System memory map
Clocking Clock distribution
Power management Power management
Signal multiplexing Port control Signal multiplexing

3.8.1.1 TPM Instantiation Information

This device contains three Low Power TPM modules (TPM). All TPM modules in the
device only are configured as basic TPM function, and no quadrature decoder function
and all can be functional in Stop/VLPS mode. The clock source is either external or
internal in Stop/VLPS mode.

The following table shows how these modules are configured.

Table 3-37. TPM configuration

TPM instance Number of channels Features/usage
TPMO 6 Basic TPM.,functional in Stop/VLPS mode
TPMA1 2 Basic TPM,functional in Stop/VLPS mode
TPM2 2 Basic TPM,functional in Stop/VLPS mode

There are several connections to and from the TPMs in order to facilitate customer use
cases. For complete details on the TPM module interconnects please refer to the Module-
to-Module section.
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3.8.1.2 Clock Options

The TPM blocks are clocked from a single TPM clock that can be selected from
OSCERCLK, MCGIRCLK, MCGPLLCLK/2, or MCGFLLCLK. The selected source is
controlled by SIM_SOPT2[TPMSRC] and SIM_SOPT2[PLLFLLSEL Jcontrol registers.

Each TPM also supports an external clock mode (TPM_SC[CMOD]=1x) in which the
counter increments after a synchronized (to the selected TPM clock source) rising edge

detect of an external clock input. The available external clock (either TPM_CLKINO or
TPM_CLKIN1) is selected by SIM_SOPT4[TPMxCLKSEL] control register. To

guarantee valid operation the selected external clock must be less than half the frequency
of the selected TPM clock source.

3.8.1.3 Trigger Options

Each TPM has a selectable trigger input source controlled by the
TPMx_CONF[TRGSEL] field to use for starting the counter and/or reloading the
counter. The options available are shown in the following table.

Table 3-38. TPM trigger options

TPMx_CONF[TRGSEL] Selected source
0000 External trigger pin input (EXTRG_IN)
0001 CMPO output
0010 Reserved
0011 Reserved
0100 PIT trigger O
0101 PIT trigger 1
0110 Reserved
0111 Reserved
1000 TPMO overflow
1001 TPM1 overflow
1010 TPM2 overflow
1011 Reserved
1100 RTC alarm
1101 RTC seconds
1110 LPTMR trigger
1111 Reserved
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3.8.1.4 Global Timebase

Each TPM has a global timebase feature controlled by the TPMx_CONF[GTBEEN] bit.
TPMI is configured as the global time when this option is enabled.

3.8.1.5 TPM Interrupts

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

3.8.2 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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Periodic interrupt
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Figure 3-25. PIT configuration

Table 3-39. Reference links to related information

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

3.8.2.1 PIT/DMA Periodic Trigger Assignments

The PIT generates periodic trigger events to the DMA channel mux as shown in the table
below.
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Table 3-40. PIT channel assignments for periodic DMA triggering
PIT Channel DMA Channel Number
PIT Channel 0 DMA Channel 0
PIT Channel 1 DMA Channel 1

3.8.2.2 PIT/ADC Triggers

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

3.8.2.3 PIT/TPM Triggers

PIT triggers are selected as TPMx trigger sources using the TPMx_CONF[TRGSEL] bits
in the TPM module. For more details, refer to TPM chapter.

3.8.2.4 PIT/DAC Triggers

PIT Channel O is configured as the DAC hardware trigger source. For more details, refer
to DAC chapter.

3.8.3 Low-power timer configuration
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Low-power timer

Signal multiplexing

Figure 3-26. LPT configuration

Table 3-41. Reference links to related information

Topic Related module Reference

Full description Low-power timer Low-power timer

Table continues on the next page...
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Table 3-41. Reference links to related information (continued)

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

3.8.3.1 LPTMR Instantiation Information

The low-power timer (LPTMR) allows operation during all power modes. The LPTMR
can operate as a real-time interrupt or pulse accumulator. It includes a 15-bit prescaler
(real-time interrupt mode) or glitch filter (pulse accumulator mode).

The LPTMR can be clocked from the internal reference clock, the internal 1 kHz LPO,
OSCERCLK, or an external 32.768 kHz crystal. In VLLS0O mode, the clocking option is
limited to an external pin with the OSC configured for bypass (external clock) operation.

An interrupt is generated (and the counter may reset) when the counter equals the value
in the 16-bit compare register.

3.8.3.2 LPTMR pulse counter input options

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

LPTMR_CSR[TPS] Pulse counter input number Chip input
00 0 CMPO output
01 1 LPTMR_ALT1 pin
10 2 LPTMR_ALT2 pin
11 3 LPTMR_ALTS3 pin

3.8.3.3 LPTMR prescaler/glitch filter clocking options

The prescaler and glitch filter of the LPTMR module can be clocked from one of four
sources determined by the LPTMRO_PSR[PCS] bitfield. The following table shows the
chip-specific clock assignments for this bitfield.
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NOTE
The chosen clock must remain enabled if the LPTMR is to
continue operating in all required low-power modes.
LPTMRO_PSR[PCS] Prescaler/glitch filter clock Chip clock
number
00 0 MCGIRCLK — internal reference clock
(not available in LLS and VLLS modes)
01 1 LPO — 1 kHz clock (not available in
VLLSO0 mode)
10 2 ERCLK32K (not available in VLLSO
mode when using 32 kHz oscillator)
11 3 OSCERCLK — external reference clock
(not available in VLLSO0 mode)

See Clock Distribution for more details on these clocks.

3.8.4 RTC configuration

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

Peripheral
bridge

Register
access

Module signals

Real-time clock

Signal multiplexing

Figure 3-27. RTC configuration

Table 3-42. 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
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3.8.4.1 RTC Instantiation Information
RTC prescaler is clocked by ERCLK32K.
RTC is reset on POR Only.

RTC_CR[OSCE] can override the configuration of the System OSC, configuring the
OSC for 32kHz crystal operation in all power modes (except VLLSO0) and through any
System Reset. When OSCE is enabled, the RTC also overrides the capacitor
configurations.

3.8.4.2 RTC_CLKOUT options

RTC_CLKOUT pin can be driven either with the RTC 1 Hz output or with the
OSCERCLK on-chip clock source. Control for this option is through
SIM_SOPT2[RTCCLKOUTSEL] bit.

When RTCCLKOUTSEL=0, the RTC 1 Hz clock is output is selected on the
RTC_CLKOUT pin. When RTCCLKOUTSEL=1, OSCERCLK clock is output on the
RTC_CLKOUT pin.

3.9 Communication interfaces

3.9.1 Universal Serial Bus (USB) FS Subsystem
The USB FS subsystem includes these components:

* Dual-role USB OTG-capable (On-The-Go) controller that supports a full-speed (FS)

device or FS/LS host. The module complies with the USB 2.0 specification.

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

host mode functionality.
* A 3.3 V regulator.

* VBUS detect signal: To detect a valid VBUS in device mode, use a GPIO signal that

can wake the chip in all power modes.
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Figure 3-28. USB Subsystem Overview

3.9.1.1 USB Wakeup

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

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

3.9.1.2 USB Power Distribution

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

3.9.1.2.1 AA/AAA cells power supply

The chip can be powered by two AA/AAA cells. In this case, the MCU is powered
through VDD which is within the 1.8 to 3.0 V range. After USB cable insertion is
detected, the USB regulator is enabled to power the USB transceiver.
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Figure 3-29. USB regulator AA cell usecase

3.9.1.2.2 Li-lon battery power supply

The chip can also be powered by a single Li-ion battery. In this case, VOUT33 is
connected to VDD. The USB regulator must be enabled by default to power the MCU.
When connected to a USB host, the input source of this regulator is switched to the USB
bus supply from the Li-ion battery. To charge the battery, the MCU can configure the
battery charger.
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Figure 3-30. USB regulator Li-ion usecase

3.9.1.2.3 USB bus power supply

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

VDD
—————————————— To PMC and Pads
VOUT33
Cstab 2
L
= Chip
TYPE A
VBUS VREGIN’S@ USB
= £ Regulator
= ps USBO_DP ]
- 1 XCVR UsSB
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[ ]

Figure 3-31. USB regulator bus supply

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

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

Table 3-43. Reference links to related information

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

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

3.9.1.5 USB Voltage Regulator Configuration

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

Table 3-44. Reference links to related information

Topic Related module Reference
Full description USB Voltage Regulator USB Voltage Regulator
System memory map System memory map
Clocking Clock Distribution
USB controller USB controller
Signal Multiplexing Port control Signal Multiplexing
NOTE

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

3.9.2 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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Figure 3-34. SPI configuration

Table 3-45. Reference links to related information

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

Table continues on the next page...
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Table 3-45. Reference links to related information (continued)

Topic Related module Reference

Signal Multiplexing Port control Signal Multiplexing

3.9.2.1 SPI Instantiation Information
This device contains two SPI module that supports 8-bit data length.

SPIO is clocked on the bus clock. SPI1 is clocked from the system clock. SPII is
therefore disabled in "Partial Stop Mode".

The SPI supports DMA request and can operate in VLPS mode. When the SPI is
operating in VLPS mode, it will operate as a slave.

SPI can wakeup MCU from VLPS mode upon reception of SPI data in slave mode.

3.9.3 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 3-35. I12C configuration

Table 3-46. Reference links to related information

Topic Related module Reference
Full description 12C 12C
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal Multiplexing Port control Signal Multiplexing
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3.9.3.1 IIC Instantiation Information
This device has two IIC module.

When the package pins associated with IIC have their mux select configured for IIC
operation, the pins (SCL and SDA) are driven in a pseudo open drain configuration.

The digital glitch filter implemented in the IICx module, controlled by the
[2Cx_FLT[FLT] registers, is clocked from the bus clock and thus has filter granularity in
bus clock cycle counts.

3.9.4 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 3-36. UART configuration

Table 3-47. Reference links to related information

Topic Related module Reference
Full description UART1 and UART2 UART
Full description UARTO UART
System memory map System memory map
Clocking Clock Distribution
Power management Power management
Signal Multiplexing Port control Signal Multiplexing
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3.9.4.1 UARTO overview

The UARTO module supports basic UART with DMA interface function, x4 to x32
oversampling of baud-rate.

This module supports LIN slave operation.

The module can remain functional in VLPS mode provided the clock it is using remains
enabled.

ISO7816 protocol is intended to be handled in software for this product. To support smart
card reading, TxD pin can be configured as pseudo open drain for 1-wire half-duplex like
ISO7816 communication via the SIM_SOPT5[UARTOODE] bit.

3.9.4.2 UART1 and UART2 Overview

This device contains two basic universal asynchronous receiver/transmitter (UART)
modules with DMA function support. Generally, these modules are used in RS-232,
RS-485, and other communications. This module supports LIN Slave operation.

3.10 Human-machine interfaces (HMI)

3.10.1 GPIO Configuration
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Register access Module signals

GPIO controller

Core

Signal multiplexing

ARM Cortex -M0+

Figure 3-37. GPIO configuration

Table 3-48. Reference links to related information

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

Table continues on the next page...
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Table 3-48. Reference links to related information (continued)

Topic Related module Reference
Power management Power management
Crossbar switch Crossbar switch Crossbar switch
Signal Multiplexing Port control Signal Multiplexing

3.10.1.1 GPIO Instantiation Information

The device includes four pins, PTBO, PTB1, PTD6, and PTD7, with high current drive
capability. These pins can be used to drive LED or power MOSFET directly. The high
drive capability applies to all functions which are multiplexed on these pins (UART,
TPM, SPI...etc)

3.10.1.1.1 Pull Devices and Directions

The pull devices are enabled out of POR only on RESET_B, NMI_b and respective SWD
signals. Other pins can be enabled by writing to PORTx_PCRn[PE] field.

All the pins are hard wired to be pullup except for SWD_CLK. The state will be reflected
in the PORTx_PCRn[PS] field.

3.10.1.2 Port Control and Interrupt Summary

The following table provides more information regarding the Port Control and Interrupt
configurations .

Table 3-49. Ports Summary

Feature Port A Port B Port C Port D Port E
Pull Select control |No No No No No
Pull Select at reset | PTAO=Pull down, |Pull up Pull up Pull up Pull up
Others=Pull up
Pull Enable control |Yes Yes Yes Yes Yes
Pull Enable at reset | PTAO/PTA3/PTA4/ |Disabled Disabled Disabled Disabled

RESET_b=Enabled
; Others=Disabled

Slew Rate Enable [No No No No No
control

Table continues on the next page...
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Table 3-49. Ports Summary (continued)

Feature Port A Port B PortC Port D Port E
Slew Rate Enable |PTA3/PTA14/ PTB10/PTB11/ PTC3/PTC4/PTC5/ |PTD4/PTD5/PTD6/ |PTE16/PTE17/
at reset PTA15/PTA16/ PTB16/PTB17 = PTC6/ PTD7=Disabled; PTE18/
PTA17=Disabled; |Disabled; PTC7=Disabled; Others=Enabled PTE19=Disabled;
Others=Enabled Others=Enabled Others=Enabled Others=Enabled
Passive Filter PTA4 and No No No No
Enable control RESET_b only
Passive Filter RESET_b=Enabled |Disabled Disabled Disabled Disabled
Enable at reset |; Others=Disabled
Open Drain Enable |No No No No No
control’
Open Drain Enable |Disabled Disabled Disabled Disabled Disabled
at reset
Drive Strength  |No PTBO/PTB1 only No PTD6/PTD7 only  |No
Enable control
Drive Strength | Disabled Disabled Disabled Disabled Disabled
Enable at reset
Pin Mux control |Yes Yes Yes Yes Yes
Pin Mux at reset |PTAOQ/PTA3/ ALTO ALTO ALTO ALTO
PTA4=ALT7;
Others=ALTO
Lock Bit No No No No No
Interrupt and DMA |Yes No No Yes No
Request
Digital Glitch Filter |No No No No No

1. UART signals can be configured for open-drain using SIM_SOPTS5 register. 1IC signals are automatically enabled for open
drain when selected.

3.10.1.3 GPIO accessibility in the memory map

The GPIO is multi-ported and can be accessed directly by the core with zero wait states at
base address 0xF800_0000. It can also be accessed by the core and DMA masters
through the cross bar/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_FO000. Only some of the BME
operations can be accomplished referencing GPIO at address 0x400F_FO000.

3.10.2 TSI 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

Touch sense input Module signals

module

Signal multiplexing

Figure 3-38. TSI configuration

Table 3-50. Reference links to related information

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

3.10.2.1 TSI Instantiation Information

This device includes one TSI module containing the channels as shown in the following
table. In Stop, VLPS, LLS and VLLSx modes any one channel can be enabled to be the
wakeup source.

TSI hardware trigger is from the LPTMR. For complete details on the LPTMR module
interconnects refer to the Module-to-Module section.

The number of TSI channels present on the device is determined by the pinout of the
specific device package and is shown in the following table.

Table 3-51. Number of KL25 TSI channels

Device TSI channels
MKL25Z32VFM4 9
MKL25Z64VFM4 9

MKL25Z128VFM4 9
MKL25Z32VFT4 14
MKL25Z64VFT4 14

MKL25Z128VFT4 14
MKL25Z32VLH4 16
MKL25Z64VLH4 16

Table continues on the next page...
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Table 3-51. Number of KL25 TSI channels (continued)

Device TSI channels
MKL25Z128VLH4 16
MKL25Z32VLK4 16
MKL25Z64VLK4 16
MKL25Z128VLK4 16

3.10.2.2 TSI Interrupts

The TSI has multiple sources of interrupt requests. However, these sources are OR'd

together to generate a single interrupt request. When a TSI interrupt occurs, read the TSI

status register to determine the exact interrupt source.
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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 All masters
(Includes exception vectors in first 196 bytes)
0x0800_0000-0x1FFF_EFFF Reserved —
0x1FFF_F000-0x1FFF_FFFF2 SRAM_L: Lower SRAM All masters
0x2000_0000-0x2000_2FFF2 SRAM_U: Upper SRAM All masters

0x2000_3000-0x3FFF_FFFF

Reserved

0x4000_0000-0x4007_FFFF

AIPS Peripherals

Cortex-M0+ core &
DMA

0x4008_0000-0x400F_EFFF

Reserved

0x400F_F000-0x400F_FFFF

General purpose input/output (GPIO)

Cortex-M0+ core &
DMA

0x4010_0000-0x43FF_FFFF

Reserved

0x4400_0000-0x5FFF_FFFF

Bit Manipulation Engine (BME) access to AIPS Peripherals for
slots 0-127°

Cortex-M0+ core

0x6000_0000-0xDFFF_FFFF

Reserved

0xE000_0000-0xEQOF_FFFF

Private Peripherals

Cortex-M0+ core

0xE010_0000-OxEFFF_FFFF

Reserved

0xF000_0000—-0xFO00_OFFF

Micro Trace Buffer (MTB) registers

Cortex-M0+ core

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_1000-0xFO00_1FFF MTB Data Watchpoint and Trace (MTBDWT) registers Cortex-MO0+ core
0xF000_2000-0xF000_2FFF ROM table Cortex-M0+ core
0xF000_3000—0xF000_3FFF Miscellaneous Control Module (MCM) Cortex-M0+ core
0xF000_4000-0xF7FF_FFFF Reserved -
0xF800_0000-0xFFFF_FFFF IOPORT: GPIO (single cycle) Cortex-M0+ core

1. The program flash always begins at 0x0000_0000 but the end of implemented flash varies depending on the amount of
flash implemented for a particular device. See Flash Memory Sizes for details.

2. This range varies depending on SRAM sizes. See SRAM Ranges for details.

3. Includes BME operations to GPIO at slot 15 (based at 0x4000_F000).

4.3 Flash Memory Map

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

Flash memory base address
Registers

Program flash base address

Flash configuration field
Program flash

Figure 4-1. Flash memory map

The on-chip Flash 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
Memory Sizes for details of supported ranges.

Accesses 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. Read collision events in which flash memory is accessed while a
flash memory resource is being manipulated by a flash command also generates a bus
error response.
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Chapter 4 Memory Map
4.3.1 Alternate Non-Volatile IRC User Trim Description

The following non-volatile locations (4 bytes) are reserved for custom IRC user trim
supported by some development tools. An alternate IRC trim to the factory loaded trim
can be stored at this location. To override the factory trim, user software must load new
values into the MCG trim registers.

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

0x0000_03FD Reserved

0x0000_03FE (bit 0) SCFTRIM

0x0000_03FE (bit 4:1) FCTRIM

0x0000_03FF SCTRIM

4.4 SRAM memory map

The on-chip RAM is split between SRAM_L and SRAM_U. The RAM is also
implemented such that the SRAM_L and SRAM_U ranges form a contiguous block in
the memory map. See SRAM Ranges for details.

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

4.5 Bit Manipulation Engine

The Bit Manipulation Engine (BME) provides hardware support for atomic read-modify-
write memory operations to the peripheral address space. By combining the basic load
and store instruction support in the Cortex-M instruction set architecture with the concept
of decorated storage provided by the BME, the resulting implementation provides a
robust and efficient read-modify-write capability to this class of ultra low-end
microcontrollers. See the Bit Manipulation Engine Block Guide (BME) for a detailed
description of BME functionality.
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4.6 Peripheral bridge (AIPS-Lite) memory map

The peripheral memory map is accessible via one slave port on the crossbar in the
0x4000_0000—-0x400F_FFFF region. The device implements one peripheral bridge that
defines a 1024 KB address space.

The three regions associated with this space are:

* A 128 KB region, partitioned as 32 spaces, each 4 KB in size and reserved for on-
platform peripheral devices. The AIPS controller generates unique module enables
for all 32 spaces.

» A 384 KB region, partitioned as 96 spaces, each 4 KB in size and reserved for off-
platform modules. The AIPS controller generates unique module enables for all 96
spaces.

 The last slot is a 4 KB region beginning at 0x400F_F000 for accessing the GPIO
module. The GPIO slot (slot 128) is an alias of slot 15. This block is also directly
interfaced to the core and provides direct access without incurring wait states
associated with accesses via the AIPS controller.

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

For programming model accesses via the peripheral bridges, there is generally only a
small range within the 4 KB slots that is implemented. Accessing an address that is not
implemented in the peripheral results in a transfer error termination.

4.6.1 Read-after-write sequence and required serialization of
memory operations

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

 Exiting an interrupt service routine (ISR)

* Changing a mode

* Configuring a function

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

1. Write the peripheral register.

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

3. Continue with subsequent operations.
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4.6.2 Peripheral Bridge (AIPS-Lite) Memory Map

Table 4-2. Peripheral bridge 0 slot assignments

Chapter 4 Memory Map

System 32-bit base address Slot Module
number

0x4000_0000 0 —
0x4000_1000 1 —
0x4000_2000 2 —
0x4000_3000 3 —
0x4000_4000 4 —
0x4000_5000 5 —
0x4000_6000 6 —
0x4000_7000 7 —
0x4000_8000 8 DMA controller
0x4000_9000 9 —
0x4000_A000 10 —
0x4000_B000 11 —
0x4000_C000 12 —
0x4000_D000 13 —
0x4000_E000 14 —
0x4000_F000 15 GPIO controller (aliased to 0x400F_F000)
0x4001_0000 16 —
0x4001_1000 17 —
0x4001_2000 18 —
0x4001_3000 19 —
0x4001_4000 20 —
0x4001_5000 21 —
0x4001_6000 22 —
0x4001_7000 23 —
0x4001_8000 24 —
0x4001_9000 25 —
0x4001_A000 26 —
0x4001_B000 27 —
0x4001_C000 28 —
0x4001_D000 29 —
0x4001_E000 30 —
0x4001_F000 31 —
0x4002_0000 32 Flash memory
0x4002_1000 33 DMA channel mutiplexer O
0x4002_2000 34 —
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Table 4-2. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number
0x4002_3000 35 —
0x4002_4000 36 —
0x4002_5000 37 —
0x4002_6000 38 —
0x4002_7000 39 —
0x4002_8000 40 —
0x4002_9000 41 —
0x4002_A000 42 —
0x4002_B000 43 —
0x4002_C000 44 —
0x4002_D000 45 —
0x4002_E000 46 —
0x4002_F000 47 —
0x4003_0000 48 —
0x4003_1000 49 —
0x4003_2000 50 —
0x4003_3000 51 —
0x4003_4000 52 —
0x4003_5000 53 —
0x4003_6000 54 —
0x4003_7000 55 Periodic interrupt timers (PIT)
0x4003_8000 56 Timer/PWM (TPM) 0
0x4003_9000 57 Timer/PWM (TPM) 1
0x4003_A000 58 Timer/PWM (TPM) 2
0x4003_B000 59 Analog-to-digital converter (ADC) 0
0x4003_C000 60 —
0x4003_D000 61 Real-time clock (RTC)
0x4003_E000 62 —
0x4003_F000 63 DACO
0x4004_0000 64 Low-power timer (LPTMR)
0x4004_1000 65 —
0x4004_2000 66 —
0x4004_3000 67 —
0x4004_4000 68 —
0x4004_5000 69 Touch sense interface (TSI)
0x4004_6000 70 —
0x4004_7000 71 SIM low-power logic
0x4004_8000 72 System integration module (SIM)
0x4004_9000 73 Port A multiplexing control

Table continues on the next page...
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Table 4-2. Peripheral bridge 0 slot assignments (continued)
System 32-bit base address Slot Module
number
0x4004_A000 74 Port B multiplexing control
0x4004_B000 75 Port C multiplexing control
0x4004_C000 76 Port D multiplexing control
0x4004_D000 77 Port E multiplexing control
0x4004_E000 78 —
0x4004_F000 79 —
0x4005_0000 80 —
0x4005_1000 81 —
0x4005_2000 82 —
0x4005_3000 83 —
0x4005_4000 84 —
0x4005_5000 85 —
0x4005_6000 86 —
0x4005_7000 87 —
0x4005_8000 88 —
0x4005_9000 89 —
0x4005_A000 90 —
0x4005_B000 91 —
0x4005_C000 92 —
0x4005_D000 93 —
0x4005_E000 94 —
0x4005_F000 95 —
0x4006_0000 96 —
0x4006_1000 97 —
0x4006_2000 98 —
0x4006_3000 99 —
0x4006_4000 100 Multi-purpose Clock Generator (MCG)
0x4006_5000 101 System oscillator (OSC)
0x4006_6000 102 [2C 0
0x4006_7000 103 [2C 1
0x4006_8000 104 —
0x4006_9000 105 —
0x4006_A000 106 UART 0
0x4006_B000 107 UART 1
0x4006_C000 108 UART 2
0x4006_D000 109 —
0x4006_E000 110 —
0x4006_F000 111 —
0x4007_0000 112 —
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Table 4-2. Peripheral bridge 0 slot assignments (continued)

System 32-bit base address Slot Module
number

0x4007_1000 113 —
0x4007_2000 114 USB OTG FS/LS
0x4007_3000 115 Analog comparator (CMP) / 6-bit digital-to-analog converter (DAC)
0x4007_4000 116 —
0x4007_5000 117 —
0x4007_6000 118 SPI O
0x4007_7000 119 SPI 1
0x4007_8000 120 —
0x4007_9000 121 —
0x4007_A000 122 —
0x4007_B000 123 —
0x4007_C000 124 Low-leakage wakeup unit (LLWU)
0x4007_DO000 125 Power management controller (PMC)
0x4007_E000 126 System Mode controller (SMC)
0x4007_F000 127 Reset Control Module (RCM)
0x400F_F000 128 GPIO controller

4.6.3 Modules Restricted Access in User Mode

In user mode, for MCG, RCM, SIM (slot 71 and 72), SMC, LLWU, and PMC, reads are
allowed, but writes are blocked and generate bus error.

4.7 Private Peripheral Bus (PPB) memory map

The PPB is part of the defined ARM bus architecture and provides access to select
processor-local modules. These resources are only accessible from the core; other system
masters do not have access to them.

Table 4-3. PPB memory map

System 32-bit Address Range Resource | Additional Range Detail Resource
0xE000_0000-0xEO00_DFFF Reserved

Table continues on the next page...
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Table 4-3. PPB memory map (continued)

System 32-bit Address Range Resource Additional Range Detail Resource
0xE000_E000-0xE000_EFFF System Control Space |0xE000_E000-0xE000_EOOF Reserved
(SCS) 0xE000_E010—0xE000_EOFF SysTick

0xE000_E100-0xE000_ECFF NVIC
0xE000_EDO0-0xE000_ED8F System Control Block
0xE000_ED90-0xE000_EDEF Reserved
0xE000_EDF0-0xE000_EEFF Debug
0xE000_EF00-0xEO00_EFFF Reserved

0xE000_F000-0xEOOF_EFFF Reserved

OxEOOF_FO00-OxEOQOF_FFFF Core ROM Space (CRS)
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Chapter 5
Clock Distribution

5.1 Introduction

This chapter presents the clock architecture for the device, the overview of the clocks and
includes a terminology section.

The Cortex M0+ resides within a synchronous core platform, where the processor and
bus masters, Flash and peripherals clocks can be configured independently. The clock
distribution figure shows how clocks from the MCG and XOSC modules are distributed
to the microcontroller’s other function units. Some modules in the microcontroller have
selectable clock input.

5.2 Programming model

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

5.3 High-Level device clocking diagram

The following system oscillator, MCG, and SIM module registers control the
multiplexers, dividers, and clock gates shown in the below figure:

osC MCG SIM
Multiplexers MCG_Cx MCG_Cx SIM_SOPT1, SIM_SOPT2
Dividers — MCG_Cx SIM_CLKDIVx
Clock gates OSC_CR MCG_CH1 SIM_SCGCx

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc. 115




Clock definitions

MCG
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Note: See subsequent sections for details on where these clocks are used.

Figure 5-1. Clocking diagram

5.4 Clock definitions

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

Clock name

Description

Core clock

MCGOUTCLK divided by OUTDIV1, clocks the ARM Cortex-
MO+ core

Platform clock

MCGOUTCLK divided by OUTDIV1, clocks the crossbar
switch and NVIC

System clock

MCGOUTCLK divided by OUTDIV1, clocks the bus masters
directly

Bus clock

System clock divided by OUTDIV4, clocks the bus slaves and
peripherals.

Table continues on the next page...

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

116

Freescale Semiconductor, Inc.
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Clock name Description

Flash clock Flash memory clock. On this device it is the same as Bus
clock.

MCGIRCLK MCG output of the slow or fast internal reference clock

MCGOUTCLK MCG output of either IRC, MCGFLLCLK, MCGPLLCLK, or
MCG's external reference clock that sources the core,
system, bus, and flash clock.

MCGFLLCLK MCG output of the FLL. MCGFLLCLK or MCGPLLCLK may
clock some modules. In addition, this clock is used for
USBFS, UARTO and TPM modules.

MCGPLLCLK MCG output of the PLL. MCGFLLCLK or MCGPLLCLK may
clock some modules. In addition, this clock is used for
USBFS, UARTO and TPM modules.

OSCCLK System oscillator output of the internal oscillator or sourced
directly from EXTAL. Used as MCG external reference clock.

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

OSC32KCLK System oscillator 32kHz output

ERCLK32K Clock source for some modules that is chosen as
OSC32KCLK or RTC_CLKIN

LPO PMC 1kHz output

5.4.1 Device clock summary

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

Table 5-1. Clock Summary

Clock name

Run mode

clock frequency

VLPR mode Clock source

clock frequency

Clock is disabled
when...

MCGOUTCLK

Up to 100 MHz

Up to 4 MHz

MCG In all stop modes
except for partial stop
modes and during PLL
locking when
MCGOUTCLK derived
from PLL.

MCGFLLCLK

Up to 48 MHz

MCG MCG clock controls do
not enable and in all
stop modes

MCGPLLCLK

Up to 100 MHz

MCG MCG clock controls do
not enable,

in Stop mode but
PLLSTEN=0,

orin VLPS, LLS and
VLLSx modes

Core clock

Up to 48 MHz

MCGOUTCLK clock In all wait and stop

Up to 4 MHz

divider

modes
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Table 5-1. Clock Summary (continued)

Clock name

Run mode

clock frequency

VLPR mode

clock frequency

Clock source

Clock is disabled
when...

Platform clock Up to 48 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes
divider
System clock Up to 48 MHz Up to 4 MHz MCGOUTCLK clock In all stop modes and
divider Compute Operation
Bus clock Up to 24 MHz Upto 1 MHz1 MCGOUTCLK clock In all stop modes
divider except for partial
STOP2 mode, and
Compute Operation
SWD Clock Up to 24MHz Up to 1MHz SWD_CLK pin In all stop modes
Flash clock Up to 24 MHz Upto1MHzinBLPE |MCGOUTCLK clock In all stop modes
. divider except for partial
Up to 800 kHz in BLPI STOP2 mode
Internal reference 30-40 kHz Slow IRC 4 MHz Fast IRC only MCG MCG_C1[IRCLKEN]
(MCGIRCLK) or 4 MHz Fast IRC cleared,
Stop/VLPS mode and
MCG_C1[IREFSTEN]
cleared, or
LLS/VLLS mode
External reference  |Up to 48 MHz (bypass), | Up to 16 MHz (bypass), |System OSC System OSC's
(OSCERCLK) 30-40 kHz 30-40 kHz (low-range OSC_CRIERCLKEN]
cleared, or
or crystal)
or Stop mode and
3-32 MHz (crystal) OSC_CR[EREFSTEN]
3-16 MHz (high-range cleared
crystal) or VLLSO0 and oscillator
not in external clock
mode.
External reference  |30-40 kHz 30-40 kHz System OSC System OSC's
32kHz _or RTC_CLKIN 8§§;dCR[ERCLKEN]
(ERCLK32K)
and RTC's
RTC_CR[OSCE]
cleared
or VLLSO and oscillator
not in external clock
mode.
RTC_CLKOUT RTC 1Hz, RTC 1Hz, RTC 1Hz, Clock is disabled in LLS
OSCERCLK OSCERCLK OSCERCLK and VLLSx modes
LPO 1 kHz 1 kHz PMC in VLLSO
TPM clock Up to 48 MHz Up to 4 MHz MCGIRCLK, SIM_SOPT2[TPMSRC
MCGPLLCLK/2, ]=00 or selected clock
MCGFLLCLK, or source disabled.
OSCERCLK

Table continues on the next page...
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Table 5-1. Clock Summary (continued)

Clock name Run mode VLPR mode Clock source Clock is disabled
when...
clock frequency clock frequency

UARTO clock Up to 48 MHz Up to 4 MHz MCGIRCLK, SIM_SOPT2[UARTOSR
MCGPLLCLK/2, C]=00 or selected clock
MCGFLLCLK, or source disabled.
OSCERCLK

USB FS clock 48 MHz N/A MCGPLLCLK/2 or USB FS OTG is
MCGFLLCLK, or disabled
USB_CLKIN

1. If in BLPI mode, where clocking is derived from the fast internal reference clock, the Bus clock and flash clock frequency
needs to be limited to 800 kHz if executing from flash.

5.5 Internal clocking requirements

The clock dividers are programmed via the SIM module’s CLKDIV registers. The
following requirements must be met when configuring the clocks for this device:

1. The core, platform, and system clock are programmable from a divide-by-1 through
divide-by-16 setting. The core, platform, and system clock frequencies must be 48
MHz or slower.

2. The bus clock and flash clock frequency is divided from the system clock and is
programmable from a divide-by-1 through divide-by-8 setting. The bus clock and
flash clock must be programmed to 24 MHz or slower.

The following is a common clock configuration for this device:

Clock Frequency
Core clock 48 MHz
Platform clock 48 MHz
System clock 48 MHz
Bus clock 24 MHz
Flash clock 24 MHz

5.5.1 Clock divider values after reset

Each clock divider is programmed via the SIM module’s CLKDIV1 registers. Two bits in
the flash memory's FTFA_FOPT register controls the reset value of the core clock,
system clock, bus clock, and flash clock dividers as shown below:
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FTFA_FOPT [4,0] Core/system clock Bus/Flash clock Description

00 0x7 (divide by 8) 0x1 (divide by 2) Low power boot
01 0x3 (divide by 4) 0x1 (divide by 2) Low power boot
10 0x1 (divide by 2) 0x1 (divide by 2) Low power boot
11 0x0 (divide by 1) 0x1 (divide by 2) Fast clock boot

This gives the user flexibility in selecting between a lower frequency, low-power boot
option vs. higher frequency, higher power during and after reset.

The flash erased state defaults to fast clocking mode, since these bits reside in flash,
which is logic 1 in the flash erased state. To enable a lower power boot option, program
the appropriate bits in FTFA_FOPT. During the reset sequence, if either of the control
bits is cleared, the system is in a slower clock configuration. Upon any system reset, the
clock dividers return to this configurable reset state.

5.5.2 VLPR mode clocking

The clock dividers cannot be changed while in VLPR mode. They must be programmed
prior to entering VLPR mode to guarantee operation. Max frequency limitations for
VLPR mode is as follows :

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

NOTE
When the MCG is in BLPI and clocking is derived from the
Fast IRC, the clock divider controls (MCG_SC[FCRDIV],
SIM_CLKDIV1[OUTDIV1], and SIM_CLKDIV1[OUTDIV4])
must be programmed such that the resulting flash clock nominal
frequency is 800 kHz or less. In this case, one example of
correct configuration is MCG_SC[FCRDIV]=000b,
SIM_CLKDIVI[OUTDIV1]=0000b and
SIM_CLKDIVI[OUTDIV4]=100b, resulting in a divide by 5
setting.
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5.6 Clock Gating

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

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

5.7 Module clocks

The following table summarizes the clocks associated with each module.

Table 5-2. Module clocks

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

Core modules

ARM Cortex-MO0+ core Platform clock Core clock —
NVIC Platform clock — —

DAP Platform clock — SWD_CLK

System modules
DMA System clock = =
DMA Mux Bus clock — —
Port control Bus clock — —
Crossbar Switch Platform clock — —
Peripheral bridges System clock Bus clock =
LLWU, PMC, SIM, RCM Bus clock LPO —
Mode controller Bus clock — —
MCM Platform clock — —
Watchdog timer Bus clock LPO —
Clocks
MCG Bus clock MCGOUTCLK, MCGPLLCLK, —
MCGFLLCLK, MCGIRCLK,
OSCERCLK
0OSC Bus clock OSCERCLK —
Memory and memory interfaces
Flash Controller Platform clock Flash clock —
Flash memory Flash clock — —
Analog

Table continues on the next page...

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc. 121




Module clocks

Table 5-2. Module clocks (continued)

Module Bus interface clock Internal clocks I/0 interface clocks
ADC Bus clock OSCERCLK —
CMP Bus clock — —
DAC Bus clock — —
Timers
TPM Bus clock TPM clock TPM_CLKINO, TPM_CLKIN1
PIT Bus clock — —
LPTMR Bus clock LPO, OSCERCLK, —
MCGIRCLK, ERCLK32K
RTC Bus clock ERCLK32K RTC_CLKOUT
Communication interfaces
USB FS OTG System clock USB FS clock —
SPIO Bus clock — SPI0O_SCK
SPI1 System clock — SPI1_SCK
12Co Bus clock — 12C0_SCL
[2C1 Bus clock — 12C1_SCL
UARTO Bus clock UARTO clock —
UART1 , UART2 Bus clock — —

Human-mach

ine interfaces

GPIO

Platform clock

TSI

Bus clock

5.7.1 PMC 1-kHz LPO clock

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

5.7.2 COP clocking

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

COP clock

Bus clock ——

|

SIM_COPCTRL[COPCLKS]
Figure 5-2. COP clock generation

5.7.3 RTC clocking
The RTC module can be clocked as shown in the following figure.

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

LPO

ERCLK32K
RTC_CLKIN —  (to RTC)

OSC32KCLK —

1

SIM_SOPT1[OSC32KSEL]

Figure 5-3. RTC clock generation

5.7.4 LPTMR clocking

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

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

LPO .
LPO LPTMRXx prescaler/glitch
ERCLK32K [
RTC_CLKIN filter clock
OSCERCLK ——
OSC32KCLK 1
/1
SIM_SOPT1[OSC32KSEL] LPTMRx_PSR[PCS]

Figure 5-4. LPTMRXx prescaler/glitch filter clock generation

5.7.5 TPM clocking

The counter for the TPM modules have a selectable clock as shown in the following
figure.

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

MCGIRCLK
OSCERCLK TPM clock
MCGFLLCLK \
N
MCGPLLCLK 2 /H d

SIM_SOPT2[PLLFLLSEL] SIM_SOPT2[TPMSRC]

Figure 5-5. TPM clock generation

5.7.6 USB FS OTG Controller clocking

The USB FS OTG controller is a bus master attached to the crossbar switch. As such, its
clock is connected to the system clock.
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NOTE
For the USB FS OTG controller to operate, the minimum
system clock frequency is 20 MHz.

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

USB_CLKIN
— USB 48MHz
MCGFLLCLK \
-
MCGPLLCLK 2 4)

SIM_SOPT2[PLLFLLSEL] SIM_SOPT2[USBSRC]
Figure 5-6. USB 48 MHz clock source

NOTE
The MCGFLLCLK does not meet the USB jitter specifications
for certification.

5.7.7 UART clocking

The UARTO module has a selectable clock as shown in the following figure. UART1 and
UART?2 modules operate from the bus clock.

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

MCGIRCLK
OSCERCLK
—>  UARTO clock
MCGFLLCLK \
.
MCGPLLCLK -2 /H

SIM_SOPT2[PLLFLLSEL] SIM_SOPT2[UARTOSRC]
Figure 5-7. UARTO clock generation
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Chapter 6
Reset and Boot

6.1 Introduction

The following reset sources are supported in this MCU:

Table 6-1. Reset sources

Reset sources Description
POR reset
System resets

Power-on reset (POR)

External pin reset (PIN)

Low-voltage detect (LVD)

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

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

Software reset (SW)

Lockup reset (LOCKUP)

MDM DAP system reset

Debug reset

Debug reset

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

The MCU can exit and reset in functional mode where the CPU is executing code
(default) or the CPU is in a debug halted state. There are several boot options that can be
configured. See Boot information for more details.

6.2 Reset

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

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

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

6.2.2 System reset sources

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

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

» Reads the start PC from vector-table offset 4

e [ .R 1s set to OxFFFF_FFFF

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

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

* SWD_CLK in pull-down (PD)
* SWD_DIO in pull-up (PU)

6.2.2.1 External pin reset (RESET)

This pin is open drain and has an internal pullup device. Asserting RESET wakes the
device from any mode.

The RESET pin can be disabled by programming RESET_PIN_CFG option bit to O.
When this option selected, there could be a short period of contention during a POR ramp
where the device drives the pin out low prior to establishing the setting of this option and
releasing the RESET function on the pin.
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6.2.2.1.1 Reset pin filter

The RESET pin filter supports filtering from both the 1 kHz LPO clock and the bus
clock. The RPFC[RSTFLTSS], RPFC[RSTFLTSRW], and RPFW[RSTFLTSEL] fields
in the reset control (RCM) register set control this functionality; see the RCM chapter.
The filters are asynchronously reset by Chip POR. The reset value for each filter assumes
the RESET pin is negated.

For all stop modes where LPO clock is still active (Stop, VLPS, LLS, VLLS3, and
VLLS1), the only filtering option is the LPO based digital filter. The filtering logic either
switches to bypass operation or has continued filtering operation depending on the
filtering mode selected. When entering VLLSO, the RESET pin filter is disabled and
bypassed.

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

6.2.2.2 Low-voltage detect (LVD)

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

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

6.2.2.3 Computer operating properly (COP) watchdog timer

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

The LLWU module provides the means for a number of external pins and a number of
internal peripherals to wake the MCU from low leakage power modes. The LLWU
module is functional only in low leakage power modes. In VLLSx modes, all enabled
inputs to the LLWU can generate a system reset.

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

NOTE
Some flags are cleared in the LLWU and some flags are
required to be cleared in the peripheral module. Refer to the
individual peripheral chapters for more information.

6.2.2.5 Multipurpose clock generator loss-of-clock (LOC)
The MCG module supports an external reference clock.

If the C6[CME] bit in the MCG module is set, the clock monitor is enabled. If the
external reference falls below fio¢ 0w OT fioc_pigh, @s controlled by the C2[RANGE] field
in the MCG module, the MCU resets. The RCM's SRSO[LOC] bit is set to indicate this
reset source.

NOTE

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

6.2.2.6 MCG loss-of-lock (LOL) reset

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

NOTE

This reset source does not cause a reset if the chip is in any stop
mode.
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6.2.2.7 Stop mode acknowledge error (SACKERR)

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

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

6.2.2.8 Software reset (SW)

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

6.2.2.9 Lockup reset (LOCKUP)

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

The LOCKUP condition causes a system reset and also causes the RCM's
SRS1[LOCKUP] bit to set.

6.2.2.10 MDM-AP system reset request

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

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

6.2.3 MCU Resets

A variety of resets are generated by the MCU to reset different modules.
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6.2.3.1 POR Only
The POR Only reset asserts on the POR reset source only. It resets the PMC and RTC.

The POR Only reset also causes all other reset types to occur.

6.2.3.2 Chip POR not VLLS

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

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

6.2.3.3 Chip POR

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

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

6.2.3.4 Chip Reset not VLLS

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

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

6.2.3.5 Early Chip Reset

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

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

6.2.4 Reset Pin

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

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

The RESET pin can be disabled by programming RESET_PIN_CFG option bit to 0.
When this option is selected, there could be a short period of contention during a POR
ramp where the device drives the pin out low prior to establishing the setting of this
option and releasing the RESET function on the pin.

6.2.5 Debug resets

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

6.2.5.1 Resetting the Debug subsystem

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

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

» SW-DP
« AHB-AP
* MDM-AP (MDM control and status registers)

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

* CMO+ core (core debug registers: DHCSR, DCRSR, DCRDR, DEMCR)
* BPU
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« DWT

* NVIC

e Crossbar bus switch!

« AHB-AP!

* Private peripheral bus!

6.3 Boot

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

Some configuration information such as clock trim values stored in factory programmed
flash locations is autoloaded.

6.3.1 Boot sources

The CMO+ core adds support for a programmable Vector Table Offset Register (VTOR)
to relocate the exception vector table. This device supports booting from internal flash
and RAM.

This device supports booting from internal flash with the reset vectors located at
addresses 0x0 (initial SP_main), 0x4 (initial PC), and RAM with relocating the exception
vector table to RAM.

6.3.2 FOPT boot options

The flash option register (FOPT) in flash memory module (FTFA) allows the user to
customize the operation of the MCU at boot time. The register contains read-only bits
that are loaded from the NVM's option byte in the flash configuration field. The default
setting for all values in the FOPT register is logic 1 since it is copied from the option byte
residing in flash, which has all bits as logic 1 in the flash erased state. To configure for
alternate settings, program the appropriate bits in the NVM option byte. The new settings
will take effect on subsequent POR, VLLSx recoveries, and any system reset. For more
details on programming the option byte, refer to the flash memory chapter.

1. CDBGRSTREQ does not affect AHB resources so that debug resources on the private peripheral bus are available
during System Reset.
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The MCU uses the FTFA_FOPT register bits to configure the device at reset as shown in
the following table.

Table 6-2. Flash Option Register (FTFA_FOPT) Bit Definitions

Bit Field Value Definition
Num
7-6 Reserved Reserved for future expansion.
5 FAST_INIT Select initialization speed on POR, VLLSX, and any system reset .
0 Slower initialization. The Flash initialization will be slower with the benefit of

reduced average current during this time. The duration of the recovery will be
controlled by the clock divider selection determined by the LPBOOT setting.

1 Fast Initialization.The Flash has faster recoveries at the expense of higher current
during these times.
3 RESET_PIN_CFG Enable/disable control for the RESET pin.
0 RESET pin is disabled following a POR and cannot be enabled as RESET

function. When this option is selected, there could be a short period of contention
during a POR ramp where the device drives the pin out low prior to establishing the
setting of this option and releasing the RESET function on the pin.

This bit is preserved through system resets and low power modes. When RESET
pin function is disabled it cannot be used as a source for low power mode wakeup.

1 RESET pin is dedicated. The port is configured with pullup enabled, open drain,
passive filter enabled.
2 NMI_DIS Enable/disable control for the NMI function.
0 NMI interrupts are always blocked. The associated pin continues to default to NMI

pin controls with internal pullup enabled. When NMI pin function is disabled it
cannot be used as a source for low power mode wakeup.

1 NMI pin/interrupts reset default to enabled.
Reserved Reserved for future expansion.
4,0 LPBOOT Control the reset value of OUTDIV1 value in SIM_CLKDIV1 register. Larger divide value

selections produce lower average power consumption during POR, VLLSx recoveries and
reset sequencing and after reset exit. The recovery times are also extended if the
FAST_INIT option is not selected.

00 Core and system clock divider (OUTDIV1) is 0x7 (divide by 8)
01 Core and system clock divider (OUTDIV1) is 0x3 (divide by 4)
(
(

10 Core and system clock divider (OUTDIV1) is Ox1 (divide by 2)
11 Core and system clock divider (OUTDIV1) is 0x0 (divide by 1)

6.3.3 Boot sequence

At power up, the on-chip regulator holds the system in a POR state until the input supply
1s above the POR threshold. The system continues to be held in this static state until the
internally regulated supplies have reached a safe operating voltage as determined by the
LVD. The Reset Controller logic then controls a sequence to exit reset.
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1. A system reset is held on internal logic, the RESET pin is driven out low, and the
MCQG is enabled in its default clocking mode.

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

3. The system reset on internal logic continues to be held, but the Flash Controller is
released from reset and begins initialization operation while the Reset Control logic
continues to drive the RESET pin out low.

4. Early in reset sequencing the NVM option byte is read and stored to FTFA_FOPT. If
the bits associated with LPBOOT are programmed for an alternate clock divider reset
value, the system/core clock is switched to a slower clock speed. If the FAST_INIT
bit is programmed clear, the Flash initialization switches to slower clock resulting
longer recovery times.

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

6. When the system exits reset, the processor sets up the stack, program counter (PC),
and link register (LR). The processor reads the start SP (SP_main) from vector-table
offset 0. The core reads the start PC from vector-table offset 4. LR is set to
OxFFFF_FFFF. The CPU begins execution at the PC location.

Subsequent system resets follow this same reset flow.
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Power Management

7.1 Introduction

This chapter describes the various chip power modes and functionality of the individual
modules in these modes.

7.2 Clocking Modes

This sections describes the various clocking modes supported on this device.

7.2.1 Partial Stop

Partial Stop is a clocking option that can be taken instead of entering STOP mode and is
configured in the SMC Stop Control Register (SMC_STOPCTRL). The Stop mode is
only partially entered, which leaves some additional functionality alive at the expense of
higher power consumption. Partial Stop can be entered from either Run mode or VLP
Run mode.

When configured for PSTOP2, only the core and system clocks are gated and the bus
clock remains active. The bus masters and bus slaves clocked by the system clock enter
Stop mode, but the bus slaves clocked by bus clock remain in Run (or VLP Run) mode.
The clock generators in the MCG and the on-chip regulator in the PMC also remain in
Run (or VLP Run) mode. Exit from PSTOP2 can be initiated by a reset, an asynchronous
interrupt from a bus master or bus slave clocked by the system clock, or a synchronous
interrupt from a bus slave clocked by the bus clock. If configured, a DMA request (using
the asynchronous DMA wakeup) can also be used to exit Partial Stop for the duration of a
DMA transfer before the device is transitioned back into PSTOP2.
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When configured for PSTOP1, both the system clock and bus clock are gated. All bus
masters and bus slaves enter Stop mode, but the clock generators in the MCG and the on-
chip regulator in the PMC remain in Run (or VLP Run) mode. Exit from PSTOP1 can be
initiated by a reset or an asynchronous interrupt from a bus master or bus slave. If
configured, an asynchronous DMA request can also be used to exit Partial Stop for the
duration of a DMA transfer before the device is transitioned back into PSTOPI.

PSTOPI is functionally similar to STOP mode, but offers faster wakeup at the expense of
higher power consumption. Another benefit is that it keeps all of the MCG clocks
enabled, which can be useful for some of the asynchronous peripherals that can remain
functional in Stop modes.

7.2.2 DMA Wakeup

The DMA can be configured to wakeup the device on a DMA request whenever it is
placed in stop mode. The wakeup is configured per DMA channel and is supported in
Compute Operation, PSTOP, STOP and VLPS low power modes.

When a DMA wakeup is detected in PSTOP, STOP or VLPS then the device will initiate
a normal exit from the low power mode. This can include restoring the on-chip regulator
and internal power switches, enabling the clock generators in the MCG, enabling the
system and bus clocks (but not the core clock) and negating the stop mode signal to the
bus masters and bus slaves. The only difference is that the CPU will remain in the low
power mode with the CPU clock disabled.

During Compute Operation, a DMA wakeup will initiate a normal exit from Compute
Operation. This includes enabling the clocks and negating the stop mode signal to the bus
masters and bus slaves. The core clock always remains enabled during Compute
Operation.

Since the DMA wakeup will enable the clocks and negate the stop mode signals to all bus
masters and slaves, software needs to ensure that bus masters and slaves that are not
involved with the DMA wakeup and transfer remain in a known state. That can be
accomplished by disabling the modules before entry into the low power mode or by
setting the Doze enable bit in selected modules.

Once the DMA request that initiated the wakeup negates and the DMA completes the
current transfer, the device will transition back into the original low power mode. This
includes requesting all non-CPU bus masters to enter Stop mode and then requesting bus
slaves to enter Stop mode. In STOP and VLPS modes the MCG and PMC would then
also enter their appropriate modes.
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NOTE
If the requested DMA transfer cannot cause the DMA request
to negate then the device will remain in a higher power state
until the low power mode is fully exited.

An enabled DMA wakeup can cause an aborted entry into the low power mode, if the
DMA request asserts during the stop mode entry sequence (or reentry if the request
asserts during a DMA wakeup) and can cause the SMC to assert its Stop Abort flag. Once
the DMA wakeup completes, entry into the low power mode will restart.

An interrupt that occurs during a DMA wakeup will cause an immediate exit from the
low power mode (this is optional for Compute Operation) without impacting the DMA
transfer.

A DMA wakeup can be generated by either a synchronous DMA request or an
asynchronous DMA request. Not all peripherals can generate an asynchronous DMA
request in stop modes, although in general if a peripheral can generate synchronous DMA
requests and also supports asynchronous interrupts in stop modes, then it can generate an
asynchronous DMA request.

7.2.3 Compute Operation

Compute Operation is an execution or compute-only mode of operation that keeps the
CPU enabled with full access to the SRAM and Flash read port, but places all other bus
masters and bus slaves into their stop mode. Compute Operation can be enabled in either
Run mode or VLP Run mode.

NOTE
Do not enter any stop mode without first exiting Compute
Operation.

Because Compute Operation reuses the stop mode logic (including the staged entry with
bus masters disabled before bus slaves), any bus master or bus slave that can remain
functional in stop mode also remains functional in Compute Operation, including
generation of asynchronous interrupts and DMA requests. When enabling Compute
Operation in Run mode, module functionality for bus masters and slaves is the equivalent
of STOP mode. When enabling Compute Operation in VLP Run mode, module
functionality for bus masters and slaves is the equivalent of VLPS mode. The MCG,
PMC, SRAM and Flash read port are not affected by Compute Operation, although the
Flash register interface is disabled.
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During Compute Operation, the AIPS peripheral space is disabled and attempted accesses
generate bus errors. The private peripheral space remains accessible during Compute
Operation, including the MCM, NVIC, IOPORT and SysTick. Although access to the
GPIO registers via the IOPORT is supported, the GPIO port data input registers do not
return valid data since clocks are disabled to the Port Control and Interrupt modules. By
writing to the GPIO port data output registers, it is possible to control those GPIO ports
that are configured as output pins.

Compute Operation is controlled by the CPO register in the MCM, which is only
accessible to the CPU. Setting or clearing the CPOREQ bit in the MCM initiates entry or
exit into Compute Operation. Compute Operation can also be configured to exit
automatically on detection of an interrupt, which is required in order to service most
interrupts. Only the core system interrupts (exceptions, including NMI and SysTick) and
any edge sensitive interrupts can be serviced without exiting Compute Operation.

When entering Compute Operation, the CPOACK status bit indicates when entry has
completed. When exiting Compute Operation in Run mode, the CPOACK status bit
negates immediately. When exiting Compute Operation in VLP Run mode, the exit is
delayed to allow the PMC to handle the change in power consumption. This delay means
the CPOACK bit is polled to determine when the AIPS peripheral space can be accessed
without generating a bus error.

The DMA wakeup is also supported during Compute Operation and causes the CPOACK
status bit to clear and the AIPS peripheral space to be accessible for the duration of the
DMA wakeup. At the completion of the DMA wakeup, the device transitions back into
Compute Operation.

7.2.4 Peripheral Doze

Several peripherals support a peripheral Doze mode, where a register bit can be used to
disable the peripheral for the duration of a low power mode. The Flash can also be placed
in a low power state during Peripheral Doze via a register bit in the SIM.

Peripheral Doze is defined to include all of the modes of operation listed below.

e The CPU is in wait mode.

* The CPU is in stop mode, including the entry sequence and for the duration of a
DMA wakeup.

* The CPU is in Compute Operation, including the entry sequence and for the duration
of a DMA wakeup.
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Peripheral Doze can therefore be used to disable selected bus masters or slaves for the
duration of WAIT or VLPW mode. It can also be used to disable selected bus slaves
immediately on entry into any stop mode (or Compute Operation), instead of waiting for
the bus masters to acknowledge the entry as part of the stop entry sequence. Finally, it

can be used to disable selected bus masters or slaves that should remain inactive during a
DMA wakeup.

If the Flash is not being accessed during WAIT and PSTOP modes, then the Flash Doze
mode can be used to reduce power consumption, at the expense of a slightly longer
wakeup when executing code and vectors from Flash. It can also be used to reduce power
consumption during Compute Operation when executing code and vectors from SRAM.

7.2.5 Clock Gating

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

7.3 Power modes

The power management controller (PMC) provides multiple power options to allow the
user to optimize power consumption for the level of functionality needed.

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

For each run mode there is a corresponding wait and stop mode. Wait modes are similar
to ARM sleep modes. Stop modes (VLPS, STOP) are similar to ARM sleep deep mode.
The very low power run (VLPR) operating mode can drastically reduce runtime power
when the maximum bus frequency is not required to handle the application needs.
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The three primary modes of operation are run, wait and stop. The WFI instruction
invokes both wait and stop modes for the chip. The primary modes are augmented in a
number of ways to provide lower power based on application needs.

Table 7-1. Chip power modes

Chip mode Description Core mode Normal
recovery
method
Normal run | Allows maximum performance of chip. Default mode out of reset; on- Run —
chip voltage regulator is on.
Normal Wait - | Allows peripherals to function while the core is in sleep mode, reducing Sleep Interrupt
via WFI power. NVIC remains sensitive to interrupts; peripherals continue to be
clocked.
Normal Stop - |Places chip in static state. Lowest power mode that retains all registers | Sleep Deep Interrupt
via WFI while maintaining LVD protection. NVIC is disabled; AWIC is used to
wake up from interrupt; peripheral clocks are stopped.
VLPR (Very Low | On-chip voltage regulator is in a low power mode that supplies only Run —
Power Run) |enough power to run the chip at a reduced frequency. Reduced
frequency Flash access mode (1 MHz); LVD off; in BLPI clock mode,
the fast internal reference oscillator is available to provide a low power
nominal 4MHz source for the core with the nominal bus and flash clock
required to be <800kHz; alternatively, BLPE clock mode can be used
with an external clock or the crystal oscillator providing the clock
source.
VLPW (Very |Same as VLPR but with the core in sleep mode to further reduce Sleep Interrupt
Low Power |power; NVIC remains sensitive to interrupts (FCLK = ON). On-chip
Wait) -via WFI |voltage regulator is in a low power mode that supplies only enough
power to run the chip at a reduced frequency.
VLPS (Very Low | Places chip in static state with LVD operation off. Lowest power mode Sleep Deep Interrupt
Power Stop)-via |with ADC and pin interrupts functional. Peripheral clocks are stopped,
WEFI but OSC, LPTMR, RTC, CMP, TSI can be used. TPM and UART can
optionally be enabled if their clock source is enabled. NVIC is disabled
(FCLK = OFF); AWIC is used to wake up from interrupt. On-chip
voltage regulator is in a low power mode that supplies only enough
power to run the chip at a reduced frequency. All SRAM is operating
(content retained and I/O states held).
LLS (Low State retention power mode. Most peripherals are in state retention Sleep Deep Wakeup
Leakage Stop) [mode (with clocks stopped), but OSC, LLWU, LPTMR, RTC, CMP,, Interrupt!
TSI can be used. NVIC is disabled; LLWU is used to wake up.
NOTE: The LLWU interrupt must not be masked by the interrupt
controller to avoid a scenario where the system does not fully
exit stop mode on an LLS recovery.
All SRAM is operating (content retained and I/O states held).
VLLS3 (Very |Most peripherals are disabled (with clocks stopped), but OSC, LLWU, Sleep Deep | Wakeup Reset?
Low Leakage |LPTMR, RTC, CMP, TSI can be used. NVIC is disabled; LLWU is used
Stop3) to wake up.
SRAM_U and SRAM_L remain powered on (content retained and 1/0
states held).
Table continues on the next page...
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Table 7-1. Chip power modes (continued)

Chip mode Description Core mode Normal
recovery
method

VLLS1 (Very |Most peripherals are disabled (with clocks stopped), but OSC, LLWU, Sleep Deep Wakeup Reset?
Low Leakage |LPTMR, RTC, CMP, TSI can be used. NVIC is disabled; LLWU is used

Stop1) to wake up.
All of SRAM_U and SRAM_L are powered off.
VLLSO (Very |Most peripherals are disabled (with clocks stopped), but LLWU, Sleep Deep Wakeup Reset?
Low Leakage |LPTMR, RTC, TSI can be used. NVIC is disabled; LLWU is used to
Stop 0) wake up.

All of SRAM_U and SRAM_L are powered off.
LPO disabled, optional POR brown-out detection

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

7.4 Entering and exiting power modes

The WFI instruction invokes wait and stop modes for the chip. The processor exits the
low-power mode via an interrupt. For LLS and VLLS modes, the wakeup sources are
limited to LLWU generated wakeups, NMI pin, or RESET pin assertions. When the NMI
pin or RESET pin have been disabled through associated FOPT settings, then these pins
are ignored as wakeup sources. The wake-up flow from VLLSx is always through reset.

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

On VLLS recoveries, the I/O pins continue to be held in a static state after code execution
begins, allowing software to reconfigure the system before unlocking the I/0. RAM is
retained in VLLS3 only.

7.5 Module Operation in Low Power Modes

The following table illustrates the functionality of each module while the chip is in each
of the low power modes. The standard behavior is shown with some exceptions for
Compute Operation (CPO) and Partial Stop2 (PSTOP2).
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(Debug modules are discussed separately; see Debug in Low Power Modes.) Number
ratings (such as 4 MHz and 1 Mbps) represent the maximum frequencies or maximum
data rates per mode. Also, these terms are used:

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

* Async operation = Fully functional with alternate clock source, provided the selected

clock source remains enabled

static = Module register states and associated memories are retained.

powered = Memory is powered to retain contents.

* low power = Memory is powered to retain contents in a lower power state

OFF = Modules are powered off; module is in reset state upon wakeup. For clocks,

OFF means disabled.

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

Table 7-2. Module operation in low power modes

Modules | VLPR | VLPW | Stop | VLPS | LLS | VLLSx
Core modules
NVIC | FF | FF | static | static | static | OFF
System modules
Mode Controller FF FF FF FF FF FF
LLwu? static static static static FF FF2
Regulator low power low power ON low power low power low power in
VLLS3, OFF in
VLLS0/1
LVD disabled disabled ON disabled disabled disabled
Brown-out ON ON ON ON ON ON in VLLS1/3,
Detection optionally
disabled in
VLLS03
DMA FF FF Async operation | Async operation static OFF
Async operation
in CPO
Watchdog FF FF static static static OFF
static in CPO FF in PSTOP2
Clocks
1kHz LPO ON ON ON ON ON ON in VLLS1/3,
OFF in VLLSO
System OSCERCLK OSCERCLK OSCERCLK OSCERCLK limited to low limited to low
oscillator (OSC) | max of 16MHz | max of 16MHz optional max of 16MHz | range/low power | range/low power
crystal crystal crystal in VLLS1/3, OFF
in VLLSO

Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)
Modules VLPR VLPW Stop VLPS LLS VLLSx
MCG 4 MHz IRC 4 MHz IRC static - static - static - no clock OFF
MCGIRCLK MCGIRCLK output
optional; PLL optional
optional
Core clock 4 MHz max OFF OFF OFF OFF OFF
Platform clock 4 MHz max 4 MHz max OFF OFF OFF OFF
System clock 4 MHz max 4 MHz max OFF OFF OFF OFF
OFF in CPO
Bus clock 1 MHz max 1 MHz max OFF OFF OFF OFF
OFF in CPO 24 MHz max in
PSTOP2 from
RUN
1 MHz max in
PSTOP2 from
VLPR
Memory and memory interfaces
Flash 1 MHz max low power low power low power OFF OFF
access - no
program
No register
access in CPO
SRAM_U and low power low power low power low power low power low power in
SRAM_L VLLS3, OFF in
VLLS0/1
Communication interfaces
USB FS/LS static static static static static OFF
USB Voltage optional optional optional optional optional optional
Regulator
UARTO 1 Mbps 1 Mbps Async operation | Async operation static OFF
Async operation FF in PSTOP2
in CPO
UART1 , UART2 62.5 kbps 62.5 kbps static, wakeup | static, wakeup static OFF
. on edge on edge
static, wakeup
on edge in CPO FF in PSTOP2
SPIO master mode master mode static, slave static, slave static OFF
500 kbps, 500 kbps, mode receive mode receive
slave mode 250 | slave mode 250 | FF in PSTOP2
kbps kbps
static, slave
mode receive in
CPO

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

Modules VLPR VLPW Stop VLPS LLS VLLSx
SPI1 master mode 2 | master mode 2 static, slave static, slave static OFF
Mbps, Mbps, mode receive mode receive
slave mode 1 slave mode 1
Mbps Mbps
static, slave
mode receive in
CPO
[2Co 50 kbps 50 kbps static, address | static, address static OFF
static, address match wakeup | match wakeup
match wakeup FF in PSTOP2
in CPO
[2C1 50 kbps 50 kbps static, address | static, address static OFF
static, address match wakeup | match wakeup
match wakeup
in CPO
Timers
TPM FF FF Async operation | Async operation static OFF
Async operation FF in PSTOP2
in CPO
PIT FF FF static static static OFF
static in CPO
LPTMR FF FF Async operation | Async operation | Async operation Async
ioné
FF in PSTOP2 operation
RTC FF FF Async operation | Async operation | Async operation Async
. , operation®
Async operation FF in PSTOP2
in CPO
Analog
16-bit ADC FF FF ADC internal ADC internal static OFF
ADC internal clock only clock only
clock only in FF in PSTOP2
CPO
CMP8 FF FF HS or LS HS or LS LS compare LS compare in
HS or LS compare compare VLLS\;I/_?I:_,S(())FF in
compare in CPO FF in PSTOP2
6-bit DAC FF FF static static static static, OFF in
. . VLLSO
static in CPO FF in PSTOP2
12-bit DAC FF FF static static static static
static in CPO FF in PSTOP2
Human-machine interfaces
GPIO FF FF static output, static output, static, pins OFF, pins
IOPORT write wakeup input wakeup input latched latched
only in CPO FF in PSTOP2
Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)

Modules VLPR VLPW Stop VLPS LLS VLLSXx
TSI FF Async Async Async Async Async
ian’ ian’ ian’ ian’ ian’
Async operation operation operation operation operation operation
in CPO FF in PSTOP2

PN

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

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

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

LPO clock source is not available in VLLSO. Also, to use system OSC in VLLSO it must be configured for bypass (external
clock) operation. Pulse counting is available in all modes.

In VLLSO the only clocking option is from RTC_CLKIN.

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

TSI wakeup from all low power modes is limited to a single selectable pin.
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Chapter 8
Security

8.1 Introduction

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

8.2 Flash Security

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

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

In the unsecured state all flash commands are available on the programming interfaces
either from the debug port (SWD) or user code execution. When the flash is secured
(FSEC[SEC] =00, 01, or 11), the programmer interfaces are only allowed to launch mass
erase operations. Additionally, in this mode, the debug port has no access to memory
locations.

8.3 Security Interactions with other Modules

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

When flash security is active the SWD port cannot access the memory resources of the
MCU.

Although most debug functions are disabled, the debugger can write to the Flash Mass
Erase in Progress bit to trigger a mass erase (Erase All Blocks) command. A mass erase
via the debugger is allowed even when some memory locations are protected.

When mass erase is disabled, mass erase via the debugger is blocked.
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Debug

9.1 Introduction

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

It provides register and memory accessibility from the external debugger interface, basic
run/halt control plus 2 breakpoints and 2 watchpoints.

Only one debug interface is supported:

 Serial Wire Debug (SWD)

9.2 Debug Port Pin Descriptions
The debug port pins default after POR to their SWD functionality.

Table 9-1. Serial wire debug pin description

Pin Name Type Description
SWD_CLK Input Serial Wire Clock. This pin is the clock for debug logic when in the Serial
Wire Debug mode. This pin is pulled down internally.
SWD_DIO Input / Output Serial wire debug data input/output. The SWD_DIO pin is used by an
external debug tool for communication and device control. This pin is
pulled up internally.
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9.3 SWD status and control registers

Through the ARM Debug Access Port (DAP), the debugger has access to the status and
control elements, implemented as registers on the DAP bus as shown in the following
figure. These registers provide additional control and status for low power mode recovery
and typical run-control scenarios. The status register bits also provide a means for the
debugger to get updated status of the core without having to initiate a bus transaction
across the crossbar switch, thus remaining less intrusive during a debug session.

It is important to note that these DAP control and status registers are not memory mapped
within the system memory map and are only accessible via the Debug Access Port using
SWD. The MDM-AP is accessible as Debug Access Port 1 with the available registers
shown in the table below.

Table 9-2. MDM-AP Register Summary

Address Register Description

0x0100_0000 Status See MDM-AP Status Register

0x0100_0004 Control See MDM-AP Control Register

0x0100_00FC IDR Read-only identification register that
always reads as 0x001C_0020
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Figure 9-1. MDM AP Addressing

9.3.1 MDM-AP Control Register
Table 9-3. MDM-AP Control register assignments

Bit Name Secure! Description

0 |Flash Mass Erase in Progress Y Set to cause mass erase. Cleared by hardware after mass erase
operation completes.

When mass erase is disabled (via MEEN and SEC settings), the erase
request does not occur and the Flash Mass Erase in Progress bit
continues to assert until the next system reset.

1 |Debug Disable N Set to disable debug. Clear to allow debug operation. When set it
overrides the C_DEBUGEN bit within the DHCSR and force disables
Debug logic.

Table continues on the next page...
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Table 9-3. MDM-AP Control register assignments (continued)

Bit Name Secure! Description

2 |Debug Request N Set to force the core to halt.

If the core is in a stop or wait mode, this bit can be used to wakeup the
core and transition to a halted state.

3 |System Reset Request Y Set to force a system reset. The system remains held in reset until this
bit is cleared.

4 |Core Hold Reset N Configuration bit to control core operation at the end of system reset
sequencing.

0 Normal operation - release the core from reset along with the rest of
the system at the end of system reset sequencing.

1 Suspend operation - hold the core in reset at the end of reset
sequencing. Once the system enters this suspended state, clearing
this control bit immediately releases the core from reset and CPU
operation begins.

5 |VLLSx Debug Request N Set to configure the system to be held in reset after the next recovery
(VLLDBGREQ) from a VLLSx mode. This bit is ignored on a VLLS wakeup via the
Reset pin. During a VLLS wakeup via the Reset pin, the system can be
held in reset by holding the reset pin asserted allowing the debugger to
re-initialize the debug modules.

This bit holds the system in reset when VLLSx modes are exited to
allow the debugger time to re-initialize debug IP before the debug
session continues.

The Mode Controller captures this bit logic on entry to VLLSx modes.
Upon exit from VLLSx modes, the Mode Controller will hold the system
in reset until VLLDBGACK is asserted.

The VLLDBGREQ bit clears automatically due to the POR reset
generated as part of the VLLSx recovery.

6 |VLLSx Debug Acknowledge N Set to release a system being held in reset following a VLLSx recovery

(VLLDBGACK) This bit is used by the debugger to release the system reset when it is

being held on VLLSx mode exit. The debugger re-initializes all debug
IP and then assert this control bit to allow the Mode Controller to
release the system from reset and allow CPU operation to begin.

The VLLDBGACK bit is cleared by the debugger or can be left set
because it clears automatically due to the POR reset generated as part
of the next VLLSXx recovery.

7 |LLS, VLLSx Status Acknowledge |N Set this bit to acknowledge the DAP LLS and VLLS Status bits have
been read. This acknowledge automatically clears the status bits.

This bit is used by the debugger to clear the sticky LLS and VLLSx
mode entry status bits. This bit is asserted and cleared by the
debugger.

8 — |Reserved for future use N
31

1. Command available in secure mode
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9.3.2 MDM-AP Status Register
Table 9-4. MDM-AP Status register assignments

Bit Name Description

0 Flash Mass Erase Acknowledge The Flash Mass Erase Acknowledge bit is cleared after any system reset.
The bit is also cleared at launch of a mass erase command due to write of
Flash Mass Erase in Progress bit in MDM AP Control Register. The Flash
Mass Erase Acknowledge is set after Flash control logic has started the
mass erase operation.

When mass erase is disabled (via MEEN and SEC settings), an erase
request due to seting of Flash Mass Erase in Progress bit is not
acknowledged.

1 Flash Ready Indicate Flash has been initialized and debugger can be configured even if
system is continuing to be held in reset via the debugger.

2 System Security Indicates the security state. When secure, the debugger does not have
access to the system bus or any memory mapped peripherals. This bit
indicates when the part is locked and no system bus access is possible.

3 System Reset Indicates the system reset state.
0 System is in reset

1 System is not in reset

Reserved

Mass Erase Enable Indicates if the MCU can be mass erased or not
0 Mass erase is disabled

1 Mass erase is enabled

6 Backdoor Access Key Enable Indicates if the MCU has the backdoor access key enabled.
0 Disabled
1 Enabled

7 LP Enabled Decode of SMC_PMCTRL[STOPM] field to indicate that VLPS, LLS, or
VLLSx are the selected power mode the next time the ARM Core enters
Deep Sleep.

0 Low Power Stop Mode is not enabled
1 Low Power Stop Mode is enabled

Usage intended for debug operation in which Run to VLPS is attempted.
Per debug definition, the system actually enters the Stop state. A
debugger should interpret deep sleep indication (with SLEEPDEEP and
SLEEPING asserted), in conjuntion with this bit asserted as the debugger-
VLPS status indication.

8 Very Low Power Mode Indicates current power mode is VLPx. This bit is not ‘sticky’ and should
always represent whether VLPx is enabled or not.

This bit is used to throttle SWD_CLK frequency up/down.

Table continues on the next page...
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Table 9-4. MDM-AP Status register assignments (continued)

Bit Name Description

9 LLS Mode Exit This bit indicates an exit from LLS mode has occurred. The debugger will
lose communication while the system is in LLS (including access to this
register). Once communication is reestablished, this bit indicates that the
system had been in LLS. Since the debug modules held their state during
LLS, they do not need to be reconfigured.

This bit is set during the LLS recovery sequence. The LLS Mode Exit bit is
held until the debugger has had a chance to recognize that LLS was exited
and is cleared by a write of 1 to the LLS, VLLSx Status Acknowledge bit in
MDM AP Control register.

10 VLLSx Modes Exit This bit indicates an exit from VLLSx mode has occurred. The debugger
will lose communication while the system is in VLLSx (including access to
this register). Once communication is reestablished, this bit indicates that
the system had been in VLLSx. Since the debug modules lose their state
during VLLSx modes, they need to be reconfigured.

This bit is set during the VLLSx recovery sequence. The VLLSx Mode Exit
bit is held until the debugger has had a chance to recognize that a VLLS
mode was exited and is cleared by a write of 1 to the LLS, VLLSx Status
Acknowledge bit in MDM AP Control register.

11 - 15 |Reserved for future use Always read 0.
16 Core Halted Indicates the Core has entered debug halt mode
17 Core SLEEPDEEP Indicates the Core has entered a low power mode
18 Core SLEEPING SLEEPING==1 and SLEEPDEEP==0 indicates wait or VLPW mode.
SLEEPING==1 and SLEEPDEEP==1 indicates stop or VLPS mode.
19 -31 |Reserved for future use Always read 0.

9.4 Debug Resets

The debug system receives the following sources of reset:

* Debug reset (CDBGRSTREQ bit within the DP CTRL/STAT register) that allows
the debugger to reset the debug logic.
* System POR reset

Conversely the debug system is capable of generating system reset using the following
mechanism:

* A system reset in the DAP control register which allows the debugger to hold the
system in reset.

* SYSRESETREQ bit in the NVIC application interrupt and reset control register

* A system reset in the DAP control register which allows the debugger to hold the
Core in reset.
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9.5 Micro Trace Buffer (MTB)

The Micro Trace Buffer (MTB) provides a simple execution trace capability for the
Cortex-MO0O+ processor. When enabled, the MTB records changes in program flow
reported by the Cortex-MO+ processor, via the execution trace interface, into a
configurable region of the SRAM. Subsequently an off-chip debugger may extract the
trace information, which would allow reconstruction of an instruction flow trace. The
MTB does not include any form of load/store data trace capability or tracing of any other
information.

In addition to providing the trace capability, the MTB also operates as a simple AHB-Lite
SRAM controller. The system bus masters, including the processor, have read/write
access to all of the SRAM via the AHB-Lite interface, allowing the memory to also be
used to store program and data information. The MTB simultaneously stores the trace
information into an attached SRAM and allows bus masters to access the memory. The
MTB ensures that trace information write accesses to the SRAM take priority over
accesses from the AHB-Lite interface.

The MTB includes trace control registers for configuring and triggering the MTB
functions. The MTB also supports triggering via TSTART and TSTOP control functions
in the MTB DWT module.

9.6 Debug in Low Power Modes

In low power modes in which the debug modules are kept static or powered off, the
debugger cannot gather any debug data for the duration of the low power mode. In the
case that the debugger is held static, the debug port returns to full functionality as soon as
the low power mode exits and the system returns to a state with active debug. In the case
that the debugger logic is powered off, the debugger is reset on recovery and must be
reconfigured once the low power mode is exited.

9.7 Debug & Security

When flash security is enabled, the debug port capabilities are limited in order to prevent
exploitation of secure data. In the secure state the debugger still has access to the status
register and can determine the current security state of the device. In the case of a secure
device, the debugger only has the capability of performing a mass erase operation.
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Chapter 10
Signal Multiplexing and Signal Descriptions

10.1 Introduction

To optimize functionality in small packages, pins have several functions available via
signal multiplexing. This chapter illustrates which of this device's signals are multiplexed
on which external pin.

The Port Control block controls which signal is present on the external pin. Reference
that chapter to find which register controls the operation of a specific pin.

10.2 Signal Multiplexing Integration

This section summarizes how the module is integrated into the device. For a
comprehensive description of the module itself, see the module’s dedicated chapter.

Peripheral bus
controller 1

Register
access

- Transfers Transfers
e

Signal Multiplexing/ |~ o &
: : Port Control : . g
I ———

Figure 10-1. Signal multiplexing integration

Table 10-1. Reference links to related information

Topic Related module Reference
Full description Port control Port control
System memory map System memory map

Table continues on the next page...

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc. 159



A ————
Signal Multiplexing Integration

Table 10-1. Reference links to related information (continued)

Topic Related module Reference
Clocking Clock Distribution
Register access Peripheral bus Peripheral bridge
controller

10.2.1 Port control and interrupt module features
 32-pin ports
NOTE

Not all pins are available on the device. See the following
section for details.

* Port A and Port D is each assigned one interrupt. For DMA requests, Port A and Port
D each have a dedicated input to the DMA MUX.

The reset state and read/write characteristics of the bit fields within the PORTx_PCRn
registers is summarized in the table below.

Table 10-2. Port control register configuration summary

This field | Generally Except for Resets to Configurability
of resets to
PORTx_PC
Rn
PS 1 PTAO 0 Fixed - All are read only
PE 0 PTAO and PTA2 1 Yes - All GPIO are

configurable

DSE 0 No exceptions - all DSE are cleared on reset. — 4 pins are configurable for
High Drive (PTBO, PTB1,
PTD6 , PTD7). All are
others are fixed for Normal
Drive and the associated
DSE bit is read only.

SRE 1 PTA3, PTA14, PTA15, PTA16, PTA17, PTB10, 0 Fixed - All are read only
PTB11, PTB16, PTB17, PTC3, PTC4, PTC5, PTCS,
PTC7, PTD4, PTD5, PTD6, PTD7

MUX 000 PTAO, PTA3 and PTA4 111 Yes - All GPIO are
configurable

PFE 0 No exceptions - all PFE are cleared on reset." — The GPIO shared with
NMI_b pin is configurable.
All other GPIO is fixed and
read only.

IRQC 000 No exceptions - all are cleared on reset. — Only implemented for
ports that support interrupt
and DMA functionality.

Table continues on the next page...
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Table 10-2. Port control register configuration summary (continued)

This field | Generally Except for Resets to Configurability
of resets to
PORTx_PC
Rn
ISF 0 No exceptions - all are cleared on reset. — Only implemented for
ports that support interrupt
and DMA functionality.

1. The RESET pin has the passive analog filter fixed enabled when functioning as the RESET pin (FOPT[RESET_PIN_CFG]
= 1) and fixed disabled when configured for other shared functions.

10.2.2 Clock gating

The clock to the port control module can be gated on and off using the SCGC5[PORTx]
bits in the SIM module. These bits are cleared after any reset, which disables the clock to
the corresponding module to conserve power. Prior to initializing the corresponding
module, set SCGCS5[PORTX] in the SIM module to enable the clock. Before turning off
the clock, make sure to disable the module. For more details, refer to the clock
distribution chapter.

10.2.3 Signal multiplexing constraints

1. A given peripheral function must be assigned to a maximum of one package pin. Do
not program the same function to more than one pin.

2. To ensure the best signal timing for a given peripheral's interface, choose the pins in
closest proximity to each other.

10.3 Pinout

10.3.1 KL25 Signal Multiplexing and Pin Assignments

The following table shows the signals available on each pin and the locations of these
pins on the devices supported by this document. The Port Control Module is responsible
for selecting which ALT functionality is available on each pin.

80 | 64 | 48 | 32 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALTE ALT?
LQFP | LQFP | QFN | QFN

1 1 = 1 | PTEO DISABLED PTEO UART1_TX | RTC_CLKOUT | CMPO_OUT | 2C1_SDA

2 2 | = | — |PTE DISABLED PTE SPI1_MOSI | UART1_RX SPI_MISO | 12C1_SCL
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80 | 64 | 48 | 32 | PinName Default ALTO ALTY ALT2 ALT3 ALT4 ALT5 ALT6 ALT7

LQFP | LQFP | QFN | QFN

3| = | = | — |PE2 DISABLED PTE2 SPI1_SCK

4 = | = | = |PRS DISABLED PTES SPI1_MISO SPI1_MOSI

51 = = | — |PTE4 DISABLED PTE4 SPI1_PCS0

6 | = | — | — |PTES DISABLED PTES

7 3 1] = |VvOD VDD VDD

8 4 2 2 | VSS VSS VSS

9 5 3 3 | USBO.DP | USBODP | USBO.DP

0| 6 4 4 | USBO.DM | USBODM | USBO_DM

ni7 5 5 | VOUT33 VOUT33 VOUT33

2] 8 6 6 | VREGIN VREGIN VREGIN

B9 7 | = |PTEX ADCO_DPO/ | ADCO_DPO/ | PTE20 TPMI_CHO | UARTO_TX
ADCO_SE0 | ADCO_SE0

w10 8 | — |PEA ADCO_DMO/ | ADCO_DM0/ | PTE21 TPMI_CHT | UARTO_RX
ADCO_SE4a | ADCO_SE4a

B 1] = = |PE2 ADCO_DP3/ | ADCO_DP3/ | PTE22 TPM2_CHO | UART2_TX
ADCO_SE3 | ADCO_SE3

% 12 = | — |PES ADCO_DM3/ | ADCO_DM3/ | PTE23 TPM2_CH! | UART2_RX
ADCO_SE7a | ADCO_SE7a

7] 3] 9 7 | VDDA VDDA VDDA

18 | 14| 10 | — |VREFH VREFH VREFH

19| 15| 11| = |VRERL VREFL VREFL

20 | 16| 12| 8 |VSSA VSSA VSSA

A | 17| 18| — |PTEN CMPO_IN5/ | CMPO_INS/ | PTE29 TPMO_CH2 | TPM_CLKINO
ADCO_SE4b | ADCO_SE4b

2 | 18| 14| 9 |PTEX DACO_OUT/ | DACO_OUT/ | PTE30 TPMO_CH3 | TPM_CLKIN1
ADCO_SE23/ | ADCO_SE23/
CMPO_IN4 | CMPO_IN4

B | 19 = | — |PTE3 DISABLED PTES! TPM0_CH4

4 | 2 | 15| — |PTEM DISABLED PTE24 TPM0_CHO 12C0_SCL

% | 20| 16| — |PTE DISABLED PTE2S TPMO_CH! 2C0_SDA

% | 2 | 17| 10 |PTAO SWD_CLK | TSI0_CH! PTAO TPM0_CH5 SWD_CLK

7 | 28| 18| 11 |PTAt DISABLED | TSIO_CH2 | PTA UARTO_RX | TPM2_CHo

B | 24 | 19| 12 |PTA DISABLED | TSIO.CH3 | PTA? UARTO_TX | TPM2_CH!

29 | 25| 2 | 18 |PA SWDDIO | TSIO.CH4 | PTA3 261 SCL | TPM0_CHO SWD_bio

0| 26 | 2| 14 |PTAM NMIb TSI0.CH5 | PTA4 2C1_.SDA | TPMO_CH1 NMIb

Wl a| = = |PK DISABLED PTAS USB_CLKIN | TPM0_CH2

R | 28| = | — |PTAR DISABLED PTA12 TPM1_CHO

B 29 = | — |PTAB DISABLED PTA13 TPM1_CHT

| = | = | — |PTA DISABLED PTA14 SPIO_PCS0 | UARTO_TX

B | = | = | — |PTAS DISABLED PTA15 SPIO_SCK | UARTO_RX

% | = | = | — |PTAl6 DISABLED PTA16 SPI0_MOSI SPI0_MISO

| = | = | — |PTAY DISABLED PTA17 SPI0_MISO SPIo_MOS!

38| 8 | 2| 15 [VD vDD vDD
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80 64 48 32 Pin Name Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALT6 ALT?
LQFP | LQFP | QFN | QFN
39 | 3 | 28| 16 |VSS VSS VSS
40 32 24 17 | PTA18 EXTALO EXTALO PTA18 UART1_RX | TPM_CLKINO
4 3 25 18 | PTA19 XTALO XTALO PTA19 UARTI_TX | TPM_CLKIN LPTMRO_
ALTH
42 K] 26 19 | RESET b RESET b PTA20
43 35 21 20 | PTBO/ ADCO_SE§/ | ADCO_SE8/ | PTBO/ 12C0_SCL TPM1_CHO
LLWU_P5 TSI0_CHO | TSI0_CHO LLWU_P5
44 36 28 21 | PTB1 ADCO_SEY | ADCO_SE9/ | PTB1 12C0_SDA TPM1_CH1
TSIO_.CH6 | TSI0_CH6
6| 3| 9| — |PTB ADCO_SE12/ | ADCO_SE12/ | PTB2 1200_.SCL | TPM2_CHO
TSI0_CH7 TSI0_CH7
46 | B | 30 | — |PTB3 ADCO_SE13/ | ADCO_SE13/ | PTB3 12C0_SDA | TPM2_CH1
TS10_CH8 TS10_CH8
47 - - — | PTB8 DISABLED PTB8 EXTRG_IN
48 - - — | PTB9 DISABLED PTBY
9 1 = | = | — |PTBI0 DISABLED PTB10 SPI1_PCS0
50 - - — | PTBi1 DISABLED PTBH SPI_SCK
51 39 31 — | PTB16 TS10_CH9 TS10_CH9 PTB16 SPH_MOSI | UARTO_RX | TPM_CLKINO | SPH_MISO
52 40 32 — | PTB17 TSI0_CH10 | TSIO_CH10 | PTB17 SPH_MISO | UARTO_TX | TPM_CLKIN1 | SPI1_MOSI
53 4 - — | PTB18 TSI0_CHH TSI0_CHH PTB18 TPM2_CHO
54 42 - — | PTB19 TSI0_CH12 | TSI0O_CH12 | PTB19 TPM2_CH1
55 43 33 — | PTCO ADCO_SE14/ | ADCO_SE14/ | PTCO EXTRG_IN CMPO_OUT
TSI0_CH13 | TSI0_CH13
56 4 34 22 | PTG/ ADCO_SE15/ | ADCO_SE15/ | PTCY/ 12C1_SCL TPM0_CHO
LLWU_Pe/ TSI0_CH14 | TSIO_CH14 | LLWU_Pe/
RTC_CLKIN RTC_CLKIN
57 45 35 23 | PTC2 ADCO_SE11/ | ADCO_SE11/ | PTC2 12C1_SDA TPM0_CH1
TSI0_CH15 | TSI0_CH15
58 46 36 24 | PTCY DISABLED PTCY/ UARTI_RX | TPMO_CH2 | CLKOUT
LLWU_P7 LLWU_P7
5 | 47 | = | — |VSS VSS VSS
60 48 - — | VDD VDD VDD
61 49 37 25 | PTC4/ DISABLED PTC4/ SPI0_PCSO | UART1_TX | TPMO_CH3
LLWU_P8 LLWU_P8
62 50 38 26 | PTCH DISABLED PTCH/ SPI0_SCK LPTMRO_ CMPO_OUT
LLWU_P9 LLWU_P9 ALT2
63 | 51 | 39 | 27 |PTCH CMPO_INO | CMPO_INO | PTCH/ SPIO_MOSI | EXTRG_IN SPIO_MISO
LLWU_P10 LLWU_P10
64 52 40 28 | PTC7 CMPO_IN1 CMPO_IN1 PTC7 SPI0_MISO SPI0_MOSI
65 | 53 [ — | — |PIC8 CMPO_IN2 | CMPO_IN2 | PTC8 1200_SCL | TPMO_CH4
66 54 - — | PTC9 CMPO_IN3 CMPO_IN3 PTCY 12C0_SDA TPMO_CH5
67 55 - — | PTC10 DISABLED PTC10 12C1_SCL
68 56 - — | PTCH DISABLED PTC11 [2C1_SDA
69 - - — | PTC12 DISABLED PTC12 TPM_CLKINO
70 - - — | PTC18 DISABLED PTC13 TPM_CLKIN1
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Pinout
80 | 64 | 48 | 32 | PinName Default ALTO ALT1 ALT2 ALT3 ALT4 ALTS ALTE ALT7
LQFP | LQFP | QFN | QFN
ny| -=1| = — |PiCie DISABLED PTC16
| =1 —=1| = |PICI7 DISABLED PTC17
B 5T 4 — |PDO DISABLED PTDO SPI0_PCSO TPM0_CHO
4| 8 | 4 | — | P ADCO_SESh | ADCO_SEsb | PTD! SPI0_SCK TPMO_CH1
75| 59 | 4| — | P2 DISABLED PTD2 SPIO_MOSI | UART2_RX | TPMO_CH2 | SPIO_MISO
76 | 60 | 4 | — |PD3 DISABLED PTD3 SPIO_MISO | UART2.TX | TPMO_CH3 | SPI0_MOSI
77| 61| 45 | 29 | PTD4/ DISABLED PTD4/ SPI_PCS0 | UART2_RX | TPMO0_CH4
LLWU_P14 LLWU_P14
78| 62| 46 | 30 |PTD5 ADCO_SE6b | ADCO_SE6b | PTD5 SPI_SCK | UART2_TX | TPM0_CH5
79 | 63 | 47 | 31 |PTDG/ ADCO_SE7b | ADCO_SE7b | PTDE/ SPI_MOSI | UARTO_RX SPI_MISO
LLWU_P15 LLWU_P15
80 | 64 | 48 | 3 |PTD7 DISABLED PTD7 SPI_MISO | UARTO_TX SPIH_MOSI

10.3.2 KL25 Pinouts

The below figures show the pinout diagrams for the devices supported by this document.
Many signals may be multiplexed onto a single pin. To determine what signals can be
used on which pin, see the previous section.
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8o | | prD7
79 | ] pTDBILLWU_P15
78| ] p1os
77 | ] pTDarLwu_P14
76 || pTD3
75 || pTD2
74| ] PO
73| ] poo
72| ] prC17
71| ] prcie
70| | prci3
69 | | prCi2
68 | | prCi1
67 |_] prci0
66 | | prco
65| | prcs
64 | | prc7
63 || PTCBILLWU_P10
62 | | pTCsiLwu_pg
61| | prcarLwu_ps

pTEO [ [ ] voo
prer |2 so| | vss

(=2}
o

pre2[ | 3 58 | | PTC3LLWU_P7
PTEs [ | 4 57| ] prcz
prea [ 5 56 || PTCILLWU_PE/RTC_CI

PTEs | 6 55 ] PrCo
voo [_| 7 54| | PTB19
vss | 8 53| | pTB18
useo_opP [ 9 s2| | PTB17
useo_bm [_|| 10 51| ] praie
voutas[_| 11 so[ ] P11
vreain [_] 12 a9 ] PBI0
prezo | 18 48| | PTBo
pre21 [ | 14 a7| ] P88
prE22 [ | 15 46| | PTB3
preas [ | 16 45| ] pB2
vopa [ 17 4| ] P8I

vRerH [_| 18 43| ] PTBOLLWU_PS

vrerL [ 19 42| ]| RESETb

VSSA 20 PTA19
L] ]

pTE29 [ 2t
pTE30 [ ] 22
PTEst [ ] 23
PTE24 [ | 24
pTE2s [ 25
pTa0 | 26
prat [ 27
pra2 [ | 28
pTA3 | 29
pTas | 30
pras | 3t
prat2 [ a2
pTats [ 33
prata [ 34
pTats [ | 35
pTate | 36
prat7 [ 37
vop || s8

vss [_] 30
prats [ 40 .

Figure 10-2. KL25 80-pin LQFP pinout diagram
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Figure 10-3. KL25 64-pin LQFP pinout diagram
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Figure 10-4. KL25 48-pin QFN pinout diagram
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31 |: PTD6/LLWU_P15

s0[_| PTD5
29[| PTD4/LLWU_P14

28[_| PTC7
26 | PTC5/LLWU_P9
25| PTCA4/LLWU_P8

27 |: PTC6/LLWU_P10

[ )
s2[_| PTD?7

PTEO [ ]+ 24 [_| PTC3/LLWU_P7
vss |2 23 [_| PTC2
usBo_DP | s 22 [_| PTC1/LLWU_P6/RTC_CLKIN
USBO_DM |4 21 [] PTB1
vouTss | s 20 [] PTBOLLWU_P5
VREGIN | e 19 [_| RESET_b
VDDA | ]~ 18 [] PTA19
VSSA | s 17 [| PTA18

PTAT [ ]
PTA2 [ ] 12
PTA3 [ ] 13
PTA4 [ ] 14
VDD [ ] 15
vss [ ] 1s

PTE30 [ ] o
PTAO | ] 10

Figure 10-5. KL25 32-pin QFN pinout diagram

10.4 Module Signal Description Tables

The following sections correlate the chip-level signal name with the signal name used in
the module's chapter. They also briefly describe the signal function and direction.
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10.4.1 Core Modules
Table 10-3. SWD Signal Descriptions

Chip signal name Module signal Description /0
name
SWD_DIO SWD_DIO Serial wire debug data input/output. The SWD_DIO pin is used by Input /
an external debug tool for communication and device control. This Output
pin is pulled up internally.
SWD_CLK SWD_CLK Serial Wire Clock. This pin is the clock for debug logic when in the Input
Serial Wire Debug mode. This pin is pulled down internally.
10.4.2 System Modules
Table 10-4. System Signal Descriptions
Chip signal name Module signal Description /0
name
NMI — Non-maskable interrupt
NOTE: Driving the NMI signal low forces a non-maskable
interrupt, if the NMI function is selected on the
corresponding pin.
RESET — Reset bi-directional signal I/0
VDD — MCU power I
VSS — MCU ground I
10.4.3 Clock Modules
Table 10-5. OSC Signal Descriptions
Chip signal name Module signal Description /0
name
EXTALO EXTAL External clock/Oscillator input I
XTALO XTAL Oscillator output (0]
10.4.4 Memories and Memory Interfaces
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10.4.5 Analog

Table 10-6. ADC 0 Signal Descriptions

Chip signal name Module signal Description /0
name
ADCO_DPn DADP3-DADPO |Differential Analog Channel Inputs I
ADCO_DMn DADM3-DADMO |Differential Analog Channel Inputs I
ADCO_SEn ADn Single-Ended Analog Channel Inputs I
VREFH VREFSH Voltage Reference Select High I
VREFL VREFSL Voltage Reference Select Low I
VDDA Vppa Analog Power Supply I
VSSA Vssa Analog Ground I
Table 10-7. CMP 0 Signal Descriptions
Chip signal name Module signal Description /0
name
CMPO_IN[5:0] IN[5:0] Analog voltage inputs I
CMPO_OUT CMPO Comparator output (0]
Table 10-8. DAC 0 Signal Descriptions
Chip signal name Module signal Description /0
name
DACO_OUT — DAC output O
10.4.6 Timer Modules
Table 10-9. TPM 0 Signal Descriptions
Chip signal name Module signal Description /0
name
TPM_CLKIN[2:0] EXTCLK External clock. FTM external clock can be selected to drive the
FTM counter.
TPMO_CH[5:0] CHn FTM channel (n), where n can be 7-0 I/0
Table 10-10. TPM 1 Signal Descriptions
Chip signal name Module signal Description /0
name
TPM_CLKIN[2:0] TPM_EXTCLK External clock. TPM external clock can be selected to increment the

TPM counter on every rising edge synchronized to the counter
clock.

Table continues on the next page...
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Table 10-10. TPM 1 Signal Descriptions (continued)
Chip signal name Module signal Description /0
name
TPM1_CH[1:0] TPM_CHn TPM channel (n = 5 to 0) /0
Table 10-11. TPM 2 Signal Descriptions
Chip signal name Module signal Description /0
name
TPM_CLKIN[2:0] TPM_EXTCLK External clock. TPM external clock can be selected to increment the
TPM counter on every rising edge synchronized to the counter
clock.
TPM2_CHI[1:0] TPM_CHn TPM channel (n = 5 to 0) I/0
Table 10-12. LPTMR 0 Signal Descriptions
Chip signal name Module signal Description /0
name
LPTMRO_ALT[2:1] LPTMR_ALTn Pulse Counter Input pin
Table 10-13. RTC Signal Descriptions
Chip signal name Module signal Description /0
name
RTC_CLKOUT! RTC_CLKOUT 1 Hz square-wave output (0]
1. RTC_CLKOUT can also be driven with OSCERCLK via SIM control bit SIM_SOPT[RCTCLKOUTSEL]
10.4.7 Communication Interfaces
Table 10-14. USB FS OTG Signal Descriptions
Chip signal name Module signal Description /0
name
USB0_DM usb_dm USB D- analog data signal on the USB bus. I/0
USBO_DP usb_dp USB D+ analog data signal on the USB bus. I/0
USB_CLKIN — Alternate USB clock input I
Table 10-15. USB VREG Signal Descriptions
Chip signal name Module signal Description /0
name
VOUT33 reg33_out Regulator output voltage (0]
VREGIN reg33_in Unregulated power supply I
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Table 10-16. SPIO Signal Descriptions

Chip signal name Module signal Description /0
name
SPI0O_MISO MISO Master Data In, Slave Data Out /0
SPI0_MOSI MOSI Master Data Out, Slave Data In /10
SPI0_SCLK SPSCK SPI Serial Clock I/0
SPI0_PCS0 SS Slave Select I/0
Table 10-17. SPI1 Signal Descriptions
Chip signal name Module signal Description /0
name
SPI1_MISO MISO Master Data In, Slave Data Out /10
SPI1_MOSI MOSI Master Data Out, Slave Data In I/O
SPI1_SCLK SPSCK SPI Serial Clock I/O
SPI1_PCS0 SS Slave Select I/0
Table 10-18. I2C 0 Signal Descriptions
Chip signal name Module signal Description /0
name
12C0_SCL SCL Bidirectional serial clock line of the I2C system. I’0
12C0_SDA SDA Bidirectional serial data line of the I2C system. I/0
Table 10-19. I2C 1 Signal Descriptions
Chip signal name Module signal Description /0
name
12C1_SCL SCL Bidirectional serial clock line of the I2C system. I/0
12C1_SDA SDA Bidirectional serial data line of the I2C system. I/0
Table 10-20. UART 0 Signal Descriptions
Chip signal name Module signal Description /0
name
UARTO_TX TXD Transmit data (6]
UARTO_RX RXD Receive data I
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Table 10-21. UART 1 Signal Descriptions

Chip signal name Module signal Description /0
name
UART1_TX TXD Transmit data (0]
UART1_RX RXD Receive data I
Table 10-22. UART 2 Signal Descriptions
Chip signal name Module signal Description /0
name
UART2_TX TXD Transmit data (0]
UART2_RX RXD Receive data I
10.4.8 Human-Machine Interfaces (HMI)
Table 10-23. GPIO Signal Descriptions
Chip signal name Module signal Description /0
name
PTA[31:0] PORTA31-PORTAOQ |General-purpose input/output I/0
PTB[31:0]' PORTB31-PORTBO |General-purpose input/output I/0
PTC[31:0] PORTC31-PORTCO |General-purpose input/output I/0
PTD[31:0] PORTD31-PORTDO |General-purpose input/output I/0
PTE[31:0] PORTE31-PORTEO |General-purpose input/output I/0

1. The available GPIO pins depends on the specific package. See the signal multiplexing section for which exact GPIO
signals are available.

Table 10-24. TSI Signal Descriptions

Chip signal name Module signal Description /0
name
TSI0_CH[15:0] TSI[15:0] TSI capacitive pins. Switches driver that connects directly to the I/0
electrode pins TSI[15:0] can operate as GPIO pins.
KL25 Sub-Family Reference Manual, Rev. 3, September 2012
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Chapter 11
Port control and interrupts (PORT)

11.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

11.2 Overview

The port control and interrupt (PORT) module provides support for port control, and
external interrupt functions. Most functions can be configured independently for each pin
in the 32-bit port and affect the pin regardless of its pin muxing state.

There is one instance of the PORT module for each port. Not all pins within each port are
implemented on a specific device.

11.2.1 Features
The PORT module has the following features:

* Pin interrupt on selected pins
* Interrupt flag and enable registers for each pin
» Support for edge sensitive (rising, falling, both) or level sensitive (low, high)
configured per pin
* Support for interrupt or DMA request configured per pin
* Asynchronous wakeup in Low-Power modes
* Pin interrupt is functional in all digital Pin Muxing modes
 Port control
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External signal description

* Individual pull control fields with pullup, pulldown, and pull-disablesupport on
selected pins

* Individual drive strength field supporting high and low drive strength on selected
pins

* Individual slew rate field supporting fast and slow slew rates on selected pins

* Individual input passive filter field supporting enable and disable of the
individual input passive filter on selected pins

* Individual mux control field supporting analog or pin disabled, GP1O, and up to
six chip-specific digital functions

 Pad configuration fields are functional in all digital Pin Muxing modes

11.2.2 Modes of operation

11.2.2.1 Run mode
In Run mode, the PORT operates normally.

11.2.2.2 Wait mode

In Wait mode, PORT continues to operate normally and may be configured to exit the
Low-Power mode if an enabled interrupt is detected. DMA requests are still generated
during the Wait mode, but do not cause an exit from the Low-Power mode.

11.2.2.3 Stop mode

In Stop mode, the PORT can be configured to exit the Low-Power mode via an
asynchronous wakeup signal if an enabled interrupt is detected.

11.2.2.4 Debug mode
In Debug mode, PORT operates normally.

11.3 External signal description
The following table describes the PORT external signal.
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Chapter 11 Port control and interrupts (PORT)

Table 11-1. Signal properties

Name Function 1/0 Reset Pull
PORTx[31:0] External interrupt /0 0 -
NOTE

Not all pins within each port are implemented on each device.

11.4 Detailed signal description

The following table contains the detailed signal description for the PORT interface.
Table 11-2. PORT interface—detailed signal description

Signal 110 Description
PORTXx[31:0] I/0 External interrupt.
State meaning Asserted—pin is logic one.

Negated—pin is logic zero.

Timing Assertion—may occur at any time and can assert
asynchronously to the system clock.

Negation—may occur at any time and can assert
asynchronously to the system clock.

11.5 Memory map and register definition

Any read or write access to the PORT memory space that is outside the valid memory
map results in a bus error. All register accesses complete with zero wait states.

PORT memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)

4004_9000 |Pin Control Register n (PORTA_PCRO) 32 R/W See section | 11.5.1/183
4004_9004 |Pin Control Register n (PORTA_PCR1) 32 R/W See section | 11.5.1/183
4004_9008 |Pin Control Register n (PORTA_PCR2) 32 R/W See section | 11.5.1/183
4004_900C |Pin Control Register n (PORTA_PCR3) 32 R/W See section | 11.5.1/183
4004_9010 |Pin Control Register n (PORTA_PCR4) 32 R/W See section | 11.5.1/183
4004_9014 |Pin Control Register n (PORTA_PCR5) 32 R/W See section | 11.5.1/183
4004_9018 |Pin Control Register n (PORTA_PCR®6) 32 R/W See section | 11.5.1/183
4004_901C |Pin Control Register n (PORTA_PCR?7) 32 R/W See section | 11.5.1/183

Table continues on the next page...
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PORT memory map (continued)

Absolute

address Register name (ivryilgitt';) Access | Reset value Sizt;c;n/
(hex)
4004_9020 |Pin Control Register n (PORTA_PCRS) 32 R/W See section | 11.5.1/183
4004_9024 |Pin Control Register n (PORTA_PCR9) 32 R/W See section | 11.5.1/183
4004_9028 |Pin Control Register n (PORTA_PCR10) 32 R/W See section | 11.5.1/183
4004_902C |Pin Control Register n (PORTA_PCR11) 32 R/W See section | 11.5.1/183
4004_9030 |Pin Control Register n (PORTA_PCR12) 32 R/W See section | 11.5.1/183
4004_9034 |Pin Control Register n (PORTA_PCR13) 32 R/W See section | 11.5.1/183
4004_9038 |Pin Control Register n (PORTA_PCR14) 32 R/W See section | 11.5.1/183
4004_903C |Pin Control Register n (PORTA_PCR15) 32 R/W See section | 11.5.1/183
4004_9040 |Pin Control Register n (PORTA_PCR16) 32 R/W See section | 11.5.1/183
4004_9044 |Pin Control Register n (PORTA_PCR17) 32 R/W See section | 11.5.1/183
4004_9048 |Pin Control Register n (PORTA_PCR18) 32 R/W See section | 11.5.1/183
4004_904C |Pin Control Register n (PORTA_PCR19) 32 R/W See section | 11.5.1/183
4004_9050 |Pin Control Register n (PORTA_PCR20) 32 R/W See section | 11.5.1/183
4004_9054 |Pin Control Register n (PORTA_PCR21) 32 R/W See section | 11.5.1/183
4004_9058 |Pin Control Register n (PORTA_PCR22) 32 R/W See section | 11.5.1/183
4004_905C |Pin Control Register n (PORTA_PCR23) 32 R/W See section | 11.5.1/183
4004_9060 |Pin Control Register n (PORTA_PCR24) 32 R/W See section | 11.5.1/183
4004_9064 |Pin Control Register n (PORTA_PCR25) 32 R/W See section | 11.5.1/183
4004_9068 |Pin Control Register n (PORTA_PCR26) 32 R/W See section | 11.5.1/183
4004_906C |Pin Control Register n (PORTA_PCR27) 32 R/W See section | 11.5.1/183
4004_9070 |Pin Control Register n (PORTA_PCR28) 32 R/W See section | 11.5.1/183
4004_9074 |Pin Control Register n (PORTA_PCR29) 32 R/W See section | 11.5.1/183
4004_9078 |Pin Control Register n (PORTA_PCR30) 32 R/W See section | 11.5.1/183
4004_907C |Pin Control Register n (PORTA_PCR31) 32 R/W See section | 11.5.1/183
W
4004_9080 |Global Pin Control Low Register (PORTA_GPCLR) 32 (always | 0000_0000h | 11.5.2/185
reads 0)
w
4004_9084 |Global Pin Control High Register (PORTA_GPCHR) 32 (always | 0000_0000h | 11.5.3/186
reads 0)

4004_90A0 |Interrupt Status Flag Register (PORTA_ISFR) 32 wic 0000_0000h | 11.5.4/186
4004_A000 |Pin Control Register n (PORTB_PCRO) 32 R/W See section | 11.5.1/183
4004_A004 |Pin Control Register n (PORTB_PCR1) 32 R/W See section | 11.5.1/183
4004_A008 |Pin Control Register n (PORTB_PCR2) 32 R/W See section | 11.5.1/183
4004_A00C |Pin Control Register n (PORTB_PCR3) 32 R/W See section | 11.5.1/183
4004_A010 |Pin Control Register n (PORTB_PCR4) 32 R/W See section | 11.5.1/183
4004_A014 |Pin Control Register n (PORTB_PCR5) 32 R/W See section | 11.5.1/183
4004_A018 |Pin Control Register n (PORTB_PCR®6) 32 R/W See section | 11.5.1/183
4004_A01C |Pin Control Register n (PORTB_PCR?7) 32 R/W See section | 11.5.1/183

Table continues on the next page...
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PORT memory map (continued)

Absolute

address Register name (ivryilgitt';) Access | Reset value S?;t;c;n/
(hex)
4004_A020 |Pin Control Register n (PORTB_PCR8) 32 R/W See section | 11.5.1/183
4004_A024 |Pin Control Register n (PORTB_PCR9) 32 R/W See section | 11.5.1/183
4004_A028 |Pin Control Register n (PORTB_PCR10) 32 R/W See section | 11.5.1/183
4004_A02C |Pin Control Register n (PORTB_PCR11) 32 R/W See section | 11.5.1/183
4004_A030 |Pin Control Register n (PORTB_PCR12) 32 R/W See section | 11.5.1/183
4004_A034 |Pin Control Register n (PORTB_PCR13) 32 R/W See section | 11.5.1/183
4004_A038 |Pin Control Register n (PORTB_PCR14) 32 R/W See section | 11.5.1/183
4004_A03C |Pin Control Register n (PORTB_PCR15) 32 R/W See section | 11.5.1/183
4004_A040 |Pin Control Register n (PORTB_PCR16) 32 R/W See section | 11.5.1/183
4004_A044 |Pin Control Register n (PORTB_PCR17) 32 R/W See section | 11.5.1/183
4004_A048 |Pin Control Register n (PORTB_PCR18) 32 R/W See section | 11.5.1/183
4004_A04C |Pin Control Register n (PORTB_PCR19) 32 R/W See section | 11.5.1/183
4004_A050 |Pin Control Register n (PORTB_PCR20) 32 R/W See section | 11.5.1/183
4004_A054 |Pin Control Register n (PORTB_PCR21) 32 R/W See section | 11.5.1/183
4004_A058 |Pin Control Register n (PORTB_PCR22) 32 R/W See section | 11.5.1/183
4004_A05C |Pin Control Register n (PORTB_PCR23) 32 R/W See section | 11.5.1/183
4004_A060 |Pin Control Register n (PORTB_PCR24) 32 R/W See section | 11.5.1/183
4004_A064 |Pin Control Register n (PORTB_PCR25) 32 R/W See section | 11.5.1/183
4004_A068 |Pin Control Register n (PORTB_PCR26) 32 R/W See section | 11.5.1/183
4004_A06C |Pin Control Register n (PORTB_PCR27) 32 R/W See section | 11.5.1/183
4004_A070 |Pin Control Register n (PORTB_PCR28) 32 R/W See section | 11.5.1/183
4004_A074 |Pin Control Register n (PORTB_PCR29) 32 R/W See section | 11.5.1/183
4004_A078 |Pin Control Register n (PORTB_PCR30) 32 R/W See section | 11.5.1/183
4004_A07C |Pin Control Register n (PORTB_PCR31) 32 R/W See section | 11.5.1/183
W
4004_A080 |Global Pin Control Low Register (PORTB_GPCLR) 32 (always | 0000_0000h | 11.5.2/185
reads 0)
w
4004_A084 |Global Pin Control High Register (PORTB_GPCHR) 32 (always | 0000_0000h | 11.5.3/186
reads 0)
4004_AOAO |Interrupt Status Flag Register (PORTB_ISFR) 32 wic 0000_0000h | 11.5.4/186
4004_B000 |Pin Control Register n (PORTC_PCRO) 32 R/W See section | 11.5.1/183
4004_B004 |Pin Control Register n (PORTC_PCR1) 32 R/W See section | 11.5.1/183
4004_B008 |Pin Control Register n (PORTC_PCR2) 32 R/W See section | 11.5.1/183
4004_B00C |Pin Control Register n (PORTC_PCRS3) 32 R/W See section | 11.5.1/183
4004_B010 |Pin Control Register n (PORTC_PCR4) 32 R/W See section | 11.5.1/183
4004_B014 |Pin Control Register n (PORTC_PCR5) 32 R/W See section | 11.5.1/183
4004_B018 |Pin Control Register n (PORTC_PCR®6) 32 R/W See section | 11.5.1/183
4004_B01C |Pin Control Register n (PORTC_PCR?7) 32 R/W See section | 11.5.1/183
Table continues on the next page...
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PORT memory map (continued)

Absolute

address Register name (ivryilgitt';) Access | Reset value Sizt;c;n/
(hex)
4004_B020 |Pin Control Register n (PORTC_PCR8) 32 R/W See section | 11.5.1/183
4004_B024 |Pin Control Register n (PORTC_PCR9) 32 R/W See section | 11.5.1/183
4004_B028 |Pin Control Register n (PORTC_PCR10) 32 R/W See section | 11.5.1/183
4004_B02C |Pin Control Register n (PORTC_PCR11) 32 R/W See section | 11.5.1/183
4004_B030 |Pin Control Register n (PORTC_PCR12) 32 R/W See section | 11.5.1/183
4004_B034 |Pin Control Register n (PORTC_PCR13) 32 R/W See section | 11.5.1/183
4004_B038 |Pin Control Register n (PORTC_PCR14) 32 R/W See section | 11.5.1/183
4004_B03C |Pin Control Register n (PORTC_PCR15) 32 R/W See section | 11.5.1/183
4004_B040 |Pin Control Register n (PORTC_PCR16) 32 R/W See section | 11.5.1/183
4004_B044 |Pin Control Register n (PORTC_PCR17) 32 R/W See section | 11.5.1/183
4004_B048 |Pin Control Register n (PORTC_PCR18) 32 R/W See section | 11.5.1/183
4004_B04C |Pin Control Register n (PORTC_PCR19) 32 R/W See section | 11.5.1/183
4004_B050 |Pin Control Register n (PORTC_PCR20) 32 R/W See section | 11.5.1/183
4004_B054 |Pin Control Register n (PORTC_PCR21) 32 R/W See section | 11.5.1/183
4004_B058 |Pin Control Register n (PORTC_PCR22) 32 R/W See section | 11.5.1/183
4004_B05C |Pin Control Register n (PORTC_PCR23) 32 R/W See section | 11.5.1/183
4004_B060 |Pin Control Register n (PORTC_PCR24) 32 R/W See section | 11.5.1/183
4004_B064 |Pin Control Register n (PORTC_PCR25) 32 R/W See section | 11.5.1/183
4004_B068 |Pin Control Register n (PORTC_PCR26) 32 R/W See section | 11.5.1/183
4004_B06C |Pin Control Register n (PORTC_PCR27) 32 R/W See section | 11.5.1/183
4004_B070 |Pin Control Register n (PORTC_PCR28) 32 R/W See section | 11.5.1/183
4004_B074 |Pin Control Register n (PORTC_PCR29) 32 R/W See section | 11.5.1/183
4004_B078 |Pin Control Register n (PORTC_PCR30) 32 R/W See section | 11.5.1/183
4004_B07C |Pin Control Register n (PORTC_PCR31) 32 R/W See section | 11.5.1/183
W
4004_B080 |Global Pin Control Low Register (PORTC_GPCLR) 32 (always | 0000_0000h | 11.5.2/185
reads 0)
w
4004_B084 |Global Pin Control High Register (PORTC_GPCHR) 32 (always | 0000_0000h | 11.5.3/186
reads 0)

4004_BOAO |Interrupt Status Flag Register (PORTC_ISFR) 32 wic 0000_0000h | 11.5.4/186
4004_CO000 |Pin Control Register n (PORTD_PCRO) 32 R/W See section | 11.5.1/183
4004_CO004 |Pin Control Register n (PORTD_PCR1) 32 R/W See section | 11.5.1/183
4004_C008 |Pin Control Register n (PORTD_PCR2) 32 R/W See section | 11.5.1/183
4004_CO00C |Pin Control Register n (PORTD_PCRS3) 32 R/W See section | 11.5.1/183
4004_C010 |Pin Control Register n (PORTD_PCR4) 32 R/W See section | 11.5.1/183
4004_CO014 |Pin Control Register n (PORTD_PCR5) 32 R/W See section | 11.5.1/183
4004_C018 |Pin Control Register n (PORTD_PCRS) 32 R/W See section | 11.5.1/183
4004_C01C |Pin Control Register n (PORTD_PCR?7) 32 R/W See section | 11.5.1/183

Table continues on the next page...
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PORT memory map (continued)

Absolute

address Register name (ivryilgitt';) Access | Reset value S?;t;c;n/
(hex)
4004_C020 |Pin Control Register n (PORTD_PCRS8) 32 R/W See section | 11.5.1/183
4004_C024 |Pin Control Register n (PORTD_PCR9) 32 R/W See section | 11.5.1/183
4004_C028 |Pin Control Register n (PORTD_PCR10) 32 R/W See section | 11.5.1/183
4004_C02C |Pin Control Register n (PORTD_PCR11) 32 R/W See section | 11.5.1/183
4004_C030 |Pin Control Register n (PORTD_PCR12) 32 R/W See section | 11.5.1/183
4004_C034 |Pin Control Register n (PORTD_PCR13) 32 R/W See section | 11.5.1/183
4004_C038 |Pin Control Register n (PORTD_PCR14) 32 R/W See section | 11.5.1/183
4004_C03C |Pin Control Register n (PORTD_PCR15) 32 R/W See section | 11.5.1/183
4004_C040 |Pin Control Register n (PORTD_PCR16) 32 R/W See section | 11.5.1/183
4004_C044 |Pin Control Register n (PORTD_PCR17) 32 R/W See section | 11.5.1/183
4004_C048 |Pin Control Register n (PORTD_PCR18) 32 R/W See section | 11.5.1/183
4004_C04C |Pin Control Register n (PORTD_PCR19) 32 R/W See section | 11.5.1/183
4004_CO050 |Pin Control Register n (PORTD_PCR20) 32 R/W See section | 11.5.1/183
4004_C054 |Pin Control Register n (PORTD_PCR21) 32 R/W See section | 11.5.1/183
4004_C058 |Pin Control Register n (PORTD_PCR22) 32 R/W See section | 11.5.1/183
4004_CO05C |Pin Control Register n (PORTD_PCR23) 32 R/W See section | 11.5.1/183
4004_C060 |Pin Control Register n (PORTD_PCR24) 32 R/W See section | 11.5.1/183
4004_C064 |Pin Control Register n (PORTD_PCR25) 32 R/W See section | 11.5.1/183
4004_C068 |Pin Control Register n (PORTD_PCR26) 32 R/W See section | 11.5.1/183
4004_C06C |Pin Control Register n (PORTD_PCR27) 32 R/W See section | 11.5.1/183
4004_CO070 |Pin Control Register n (PORTD_PCR28) 32 R/W See section | 11.5.1/183
4004_CO074 |Pin Control Register n (PORTD_PCR29) 32 R/W See section | 11.5.1/183
4004_C078 |Pin Control Register n (PORTD_PCR30) 32 R/W See section | 11.5.1/183
4004_C07C |Pin Control Register n (PORTD_PCR31) 32 R/W See section | 11.5.1/183
W
4004_C080 |Global Pin Control Low Register (PORTD_GPCLR) 32 (always | 0000_0000h | 11.5.2/185
reads 0)
w
4004_C084 |Global Pin Control High Register (PORTD_GPCHR) 32 (always | 0000_0000h | 11.5.3/186
reads 0)
4004_COAO |Interrupt Status Flag Register (PORTD_ISFR) 32 wic 0000_0000h | 11.5.4/186
4004_DO000 |Pin Control Register n (PORTE_PCRO) 32 R/W See section | 11.5.1/183
4004_D004 |Pin Control Register n (PORTE_PCR1) 32 R/W See section | 11.5.1/183
4004_D008 |Pin Control Register n (PORTE_PCR2) 32 R/W See section | 11.5.1/183
4004_DO00C |Pin Control Register n (PORTE_PCR3) 32 R/W See section | 11.5.1/183
4004_D010 |Pin Control Register n (PORTE_PCR4) 32 R/W See section | 11.5.1/183
4004_D014 |Pin Control Register n (PORTE_PCRS5) 32 R/W See section | 11.5.1/183
4004_D018 |Pin Control Register n (PORTE_PCR®6) 32 R/W See section | 11.5.1/183
4004_D01C |Pin Control Register n (PORTE_PCR?7) 32 R/W See section | 11.5.1/183
Table continues on the next page...
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PORT memory map (continued)

Absolute

address Register name (ivryilgitt';) Access | Reset value S(;(;t;c;n/
(hex)
4004_D020 |Pin Control Register n (PORTE_PCRS8) 32 R/W See section | 11.5.1/183
4004_D024 |Pin Control Register n (PORTE_PCR9) 32 R/W See section | 11.5.1/183
4004_D028 |Pin Control Register n (PORTE_PCR10) 32 R/W See section | 11.5.1/183
4004_D02C |Pin Control Register n (PORTE_PCR11) 32 R/W See section | 11.5.1/183
4004_D030 |Pin Control Register n (PORTE_PCR12) 32 R/W See section | 11.5.1/183
4004_D034 |Pin Control Register n (PORTE_PCR13) 32 R/W See section | 11.5.1/183
4004_D038 |Pin Control Register n (PORTE_PCR14) 32 R/W See section | 11.5.1/183
4004_DO03C |Pin Control Register n (PORTE_PCR15) 32 R/W See section | 11.5.1/183
4004_D040 |Pin Control Register n (PORTE_PCR16) 32 R/W See section | 11.5.1/183
4004_D044 |Pin Control Register n (PORTE_PCR17) 32 R/W See section | 11.5.1/183
4004_D048 |Pin Control Register n (PORTE_PCR18) 32 R/W See section | 11.5.1/183
4004_D04C |Pin Control Register n (PORTE_PCR19) 32 R/W See section | 11.5.1/183
4004_D050 |Pin Control Register n (PORTE_PCR20) 32 R/W See section | 11.5.1/183
4004_D054 |Pin Control Register n (PORTE_PCR21) 32 R/W See section | 11.5.1/183
4004_D058 |Pin Control Register n (PORTE_PCR22) 32 R/W See section | 11.5.1/183
4004_DO05C |Pin Control Register n (PORTE_PCR23) 32 R/W See section | 11.5.1/183
4004_D060 |Pin Control Register n (PORTE_PCR24) 32 R/W See section | 11.5.1/183
4004_D064 |Pin Control Register n (PORTE_PCR25) 32 R/W See section | 11.5.1/183
4004_D068 |Pin Control Register n (PORTE_PCR26) 32 R/W See section | 11.5.1/183
4004_D06C |Pin Control Register n (PORTE_PCR27) 32 R/W See section | 11.5.1/183
4004_D070 |Pin Control Register n (PORTE_PCR28) 32 R/W See section | 11.5.1/183
4004_D074 |Pin Control Register n (PORTE_PCR29) 32 R/W See section | 11.5.1/183
4004_D078 |Pin Control Register n (PORTE_PCR30) 32 R/W See section | 11.5.1/183
4004_D07C |Pin Control Register n (PORTE_PCR31) 32 R/W See section | 11.5.1/183
W
4004_D080 |Global Pin Control Low Register (PORTE_GPCLR) 32 (always | 0000_0000h | 11.5.2/185
reads 0)
w
4004_D084 |Global Pin Control High Register (PORTE_GPCHR) 32 (always | 0000_0000h | 11.5.3/186
reads 0)

4004_DOAO |Interrupt Status Flag Register (PORTE_ISFR) 32 wic 0000_0000h | 11.5.4/186
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Chapter 11 Port control and interrupts (PORT)

11.5.1 Pin Control Register n (PORTx_PCRn)

NOTE

Refer to the Signal Multiplexing and Signal Descriptions
chapter for the reset value of this device.

See the GPIO Configuration section for details on the available
functions for each pin.

Do not modify pin configuration registers associated with pins
not available in your selected package. All un-bonded pins not
available in your package will default to DISABLE state for
lowest power consumption.

Address: Base address + 0h offset + (4d x i), where i=0d to 31d

Bit 31

30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

IRQC

Bt 15 14 13 12 11 10 9 8 | 6 4 2 1 0
R 0 0 0 0
MUX DSE PFE SRE | PE PS
w
Reset 0 0 0 0 0 x* X* x* 0 x* 0 x* 0 x* x* x*
* Notes:

¢ x = Undefined at reset.

PORTx_PCRn field descriptions

Field Description
31-25 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 Interrupt Status Flag
ISF

This bit is read only for pins that do not support interrupt generation.

The pin interrupt configuration is valid in all digital pin muxing modes.

0 Configured interrupt is not detected.

1 Configured interrupt is detected. If the pin is configured to generate a DMA request, then the
corresponding flag will be cleared automatically at the completion of the requested DMA transfer.
Otherwise, the flag remains set until a logic one is written to the flag. If the pin is configured for a level
sensitive interrupt and the pin remains asserted, then the flag is set again immediately after it is
cleared.

Table continues on the next page...
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PORTx_PCRn field descriptions (continued)

Field Description
23-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-16 Interrupt Configuration
IRQC

This field is read only for pins that do not support interrupt generation.

The pin interrupt configuration is valid in all digital pin muxing modes. The corresponding pin is configured
to generate interrupt/DMA request as follows:

0000 Interrupt/DMA request disabled.
0001 DMA request on rising edge.
0010  DMA request on falling edge.
0011 DMA request on either edge.
1000 Interrupt when logic zero.

1001 Interrupt on rising edge.

1010 Interrupt on falling edge.

1011 Interrupt on either edge.

1100  Interrupt when logic one.
Others Reserved.

15—-11 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
10-8 Pin Mux Control
MUX

Not all pins support all pin muxing slots. Unimplemented pin muxing slots are reserved and may result in
configuring the pin for a different pin muxing slot.

The corresponding pin is configured in the following pin muxing slot as follows:

000 Pin disabled
001 Alternative 1
010 Alternative 2
011 Alternative 3
100 Alternative 4
101 Alternative 5
110 Alternative 6
111 Alternative 7

—

analog).
GPIO).
chip-specific).
chip-specific).
chip-specific).
chip-specific).
chip-specific).
chip-specific).

P

7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

6 Drive Strength Enable

DSE
This bit is read only for pins that do not support a configurable drive strength.

Drive strength configuration is valid in all digital pin muxing modes.

0 Low drive strength is configured on the corresponding pin, if pin is configured as a digital output.
1 High drive strength is configured on the corresponding pin, if pin is configured as a digital output.

5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

4 Passive Filter Enable

PFE
This bit is read only for pins that do not support a configurable passive input filter.

Passive filter configuration is valid in all digital pin muxing modes.

Table continues on the next page...
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PORTx_PCRn field descriptions (continued)

Field Description

0 Passive input filter is disabled on the corresponding pin.

1 Passive input filter is enabled on the corresponding pin, if the pin is configured as a digital input. Refer
to the device data sheet for filter characteristics.

3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Slew Rate Enable
SRE

This bit is read only for pins that do not support a configurable slew rate.

Slew rate configuration is valid in all digital pin muxing modes.

0 Fast slew rate is configured on the corresponding pin, if the pin is configured as a digital output.
1 Slow slew rate is configured on the corresponding pin, if the pin is configured as a digital output.

1 Pull Enable
PE

This bit is read only for pins that do not support a configurable pull resistor. Refer to the Chapter of Signal
Multiplexing and Signal Descriptions for the pins that support a configurable pull resistor.

Pull configuration is valid in all digital pin muxing modes.

0 Internal pullup or pulldown resistor is not enabled on the corresponding pin.
1 Internal pullup or pulldown resistor is enabled on the corresponding pin, if the pin is configured as a
digital input.

0 Pull Select

This bit is read only for pins that do not support a configurable pull resistor direction.

Pull configuration is valid in all digital pin muxing modes.

0 Internal pulldown resistor is enabled on the corresponding pin, if the corresponding Port Pull Enable
field is set.

1 Internal pullup resistor is enabled on the corresponding pin, if the corresponding Port Pull Enable field
is set.

11.5.2 Global Pin Control Low Register (PORTx_GPCLR)
Only 32-bit writes are supported to this register.

Address: Base address + 80h offset
Bt 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

w GPWE GPWD
ResetOOOOO00000000OOO|0000000000000000

PORTx_GPCLR field descriptions

Field Description
31-16 Global Pin Write Enable
GPWE
Selects which Pin Control Registers (15 through 0) bits [15:0] update with the value in GPWD.

Table continues on the next page...
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PORTx_GPCLR field descriptions (continued)

Field Description
0 Corresponding Pin Control Register is not updated with the value in GPWD.
1 Corresponding Pin Control Register is updated with the value in GPWD.

15-0 Global Pin Write Data
GPWD

Write value that is written to all Pin Control Registers bits [15:0] that are selected by GPWE.

11.5.3 Global Pin Control High Register (PORTx_GPCHR)
Only 32-bit writes are supported to this register.

Address: Base address + 84h offset
Bit 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

W GPWE GPWD
Reset0000000000000000|0000000000000000

PORTx_GPCHR field descriptions

Field Description

31-16 Global Pin Write Enable
GPWE

Selects which Pin Control Registers (31 through 16) bits [15:0] update with the value in GPWD.

0 Corresponding Pin Control Register is not updated with the value in GPWD.
1 Corresponding Pin Control Register is updated with the value in GPWD.

15-0 Global Pin Write Data
GPWD

Write value that is written to all Pin Control Registers bits [15:0] that are selected by GPWE.

11.5.4 Interrupt Status Flag Register (PORTx_ISFR)
The corresponding bit is read only for pins that do not support interrupt generation.

The pin interrupt configuration is valid in all digital pin muxing modes. The Interrupt
Status Flag for each pin is also visible in the corresponding Pin Control Register, and
each flag can be cleared in either location.

Address: Base address + AOh offset
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

R ISF

w wic
ResetOOOOOOO000000000|0000000000000000
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Chapter 11 Port control and interrupts (PORT)
PORTXx_ISFR field descriptions

Field Description

31-0 Interrupt Status Flag

ISF
Each bit in the field indicates the detection of the configured interrupt of the same number as the field.

0 Configured interrupt is not detected.

1 Configured interrupt is detected. If the pin is configured to generate a DMA request, then the
corresponding flag will be cleared automatically at the completion of the requested DMA transfer.
Otherwise, the flag remains set until a logic one is written to the flag. If the pin is configured for a level
sensitive interrupt and the pin remains asserted, then the flag is set again immediately after it is
cleared.

11.6 Functional description

11.6.1 Pin control

Each port pin has a corresponding pin control register, PORT_PCRn, associated with it.

The upper half of the pin control register configures the pin's capability to either interrupt
the CPU or request a DMA transfer, on a rising/falling edge or both edges as well as a
logic level occurring on the port pin. It also includes a flag to indicate that an interrupt
has occurred.

The lower half of the pin control register configures the following functions for each pin
within the 32-bit port.

* Pullup or pulldown enable on selected pins

* Drive strength and slew rate configuration on selected pins
* Passive input filter enable on selected pins

* Pin Muxing mode

The functions apply across all digital Pin Muxing modes and individual peripherals do
not override the configuration in the pin control register. For example, if an I>C function
is enabled on a pin, that does not override the pullup configuration for that pin.

When the Pin Muxing mode is configured for analog or is disabled, all the digital
functions on that pin are disabled. This includes the pullup and pulldown enables, and
passive filter enable.

The configuration of each pin control register is retained when the PORT module is
disabled.
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11.6.2 Gilobal pin control

The two global pin control registers allow a single register write to update the lower half
of the pin control register on up to sixteen pins, all with the same value.

The global pin control registers are designed to enable software to quickly configure
multiple pins within the one port for the same peripheral function. However, the interrupt
functions cannot be configured using the global pin control registers.

The global pin control registers are write-only registers, that always read as zero.

11.6.3 External interrupts

The external interrupt capability of the PORT module is available in all digital pin
muxing modes provided the PORT module is enabled.

Each pin can be individually configured for any of the following external interrupt
modes:

* Interrupt disabled, default out of reset
 Active high level sensitive interrupt

» Active low level sensitive interrupt

* Rising edge sensitive interrupt

* Falling edge sensitive interrupt

» Rising and falling edge sensitive interrupt
 Rising edge sensitive DMA request

* Falling edge sensitive DMA request

» Rising and falling edge sensitive DMA request

The interrupt status flag is set when the configured edge or level is detected on the output
of the pin. When not in Stop mode, the input is first synchronized to the bus clock to
detect the configured level or edge transition.

The PORT module generates a single interrupt that asserts when the interrupt status flag
1s set for any enabled interrupt for that port. The interrupt negates after the interrupt status
flags for all enabled interrupts have been cleared by writing a logic O to the ISF flag in
the PORT_PCRn register.

The PORT module generates a single DMA request that asserts when the interrupt status
flag is set for any enabled DMA request in that port. The DMA request negates after the
DMA transfer is completed, because that clears the interrupt status flags for all enabled
DMA requests.
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Chapter 11 Port control and interrupts (PORT)

During Stop mode, the interrupt status flag for any enabled interrupt is asynchronously
set if the required level or edge is detected. This also generates an asynchronous wakeup
signal to exit the Low-Power mode.
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Chapter 12
System integration module (SIM)

12.1 Introduction

The system integration module (SIM) provides system control and chip configuration
registers.

12.1.1 Features

» System clocking configuration
» System clock divide values
* Architectural clock gating control
* ERCLK32K clock selection
» USB clock selection
* UARTO and TPM clock selection
 Flash and System RAM size configuration
e USB regulator configuration
* TPM external clock and input capture selection
* UART receive/transmit source selection/configuration

12.2 Memory map and register definition

The SIM module contains many bitfields for selecting the clock source and dividers for
various module clocks.
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Memory map and register definition

NOTE

The SIM registers can be written only in supervisor mode. In
user mode, write accesses are blocked and will result in a bus

CITor.

NOTE

The SIM_SOPT1 and SIM_SOPTICFG registers are located at
a different base address than the other SIM registers.

SIM memory map

Absolute

address Register name (i‘IrYi:ittr;) Access | Reset value S:(;t:;n/
(hex)
4004_7000 |System Options Register 1 (SIM_SOPT1) 32 R/W See section | 12.2.1/193
4004_7004 [SOPT1 Configuration Register (SIM_SOPT1CFG) 32 R/W | 0000_0000h | 12.2.2/194
4004_8004 |System Options Register 2 (SIM_SOPT2) 32 R/W | 0000_0000h | 12.2.3/195
4004_800C |System Options Register 4 (SIM_SOPT4) 32 R/W 0000_0000h | 12.2.4/197
4004_8010 |System Options Register 5 (SIM_SOPT5) 32 R/W | 0000_0000h | 12.2.5/199
4004_8018 |System Options Register 7 (SIM_SOPT7) 32 R/W | 0000_0000h | 12.2.6/200
4004_8024 |System Device Identification Register (SIM_SDID) 32 R See section | 12.2.7/202
4004_8034 |System Clock Gating Control Register 4 (SIM_SCGC4) 32 R/W F000_0030h | 12.2.8/204
4004_8038 |System Clock Gating Control Register 5 (SIM_SCGCS5) 32 R/W 0000_0180h | 12.2.9/206
4004_803C |System Clock Gating Control Register 6 (SIM_SCGC6) 32 R/W | 0000_0001h | 12.2.10/207
4004_8040 |System Clock Gating Control Register 7 (SIM_SCGC?7) 32 R/W | 0000_0100h | 12.2.11/209
4004_8044 |System Clock Divider Register 1 (SIM_CLKDIV1) 32 R/W See section | 12.2.12/210
4004_804C |Flash Configuration Register 1 (SIM_FCFG1) 32 R/W See section | 12.2.13/211
4004_8050 |Flash Configuration Register 2 (SIM_FCFG2) 32 R See section | 12.2.14/213
4004_8058 |Unique Identification Register Mid-High (SIM_UIDMH) 32 R See section |12.2.15/213
4004_805C |Unique Identification Register Mid Low (SIM_UIDML) 32 R See section | 12.2.16/214
4004_8060 |Unique Identification Register Low (SIM_UIDL) 32 R See section | 12.2.17/214
4004_8100 |COP Control Register (SIM_COPC) 32 R/W | 0000_000Ch | 12.2.18/215
4004_8104 |Service COP Register (SIM_SRVCOP) 32 w 0000_0000h | 12.2.19/216
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Chapter 12 System integration module (SIM)

12.2.1 System Options Register 1 (SIM_SOPT1)

NOTE
The SOPTT register is only reset on POR or LVD.

Address: 4004_7000h base + 0Oh offset = 4004_7000h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
=z
Rl G | & | & 0 0
o | B | B
d a2 OSC32KSEL
wi 91 3 |8
a8 > >
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R
W
Reset 0 0 0 0 0 0 0 0 0 0 * * * * * *
* Notes:

* Reserved field: Device specific value.

SIM_SOPT1 field descriptions

Field Description

31 USB voltage regulator enable

USBREGEN
Controls whether the USB voltage regulator is enabled.

0 USB voltage regulator is disabled.
1 USB voltage regulator is enabled.

30 USB voltage regulator in standby mode during Stop, VLPS, LLS and VLLS modes.
USBSSTBY

Controls whether the USB voltage regulator is placed in standby mode during Stop, VLPS, LLS and VLLS
modes.

0 USB voltage regulator not in standby during Stop, VLPS, LLS and VLLS modes.
1 USB voltage regulator in standby during Stop, VLPS, LLS and VLLS modes.

29 USB voltage regulator in standby mode during VLPR and VLPW modes
USBVSTBY

Controls whether the USB voltage regulator is placed in standby mode during VLPR and VLPW modes.

0 USB voltage regulator not in standby during VLPR and VLPW modes.
1 USB voltage regulator in standby during VLPR and VLPW modes.

28-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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SIM_SOPT1 field descriptions (continued)

Field Description

19-18 32K oscillator clock select

OSC32KSEL
Selects the 32 kHz clock source (ERCLK32K) for RTC and LPTMR. This bit is reset only on POR/LVD.

00 System oscillator (OSC32KCLK)
01 Reserved
10 RTC_CLKIN

11 LPO 1kHz
17-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-0 This field is reserved.

Reserved

12.2.2 SOPT1 Configuration Register (SIM_SOPT1CFQG)

NOTE
The SOPT1CFG register is reset on System Reset not VLLS.

Address: 4004_7000h base + 4h offset = 4004_7004h

Bit 31 30 29 28 27 26 25
R 0 w w
= =

0 %)

» >

-] )

Reset 0 0 0 0 0 0 0
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0

SIM_SOPT1CFG field descriptions

Field Description
31-27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 USB voltage regulator stop standby write enable
USSWE
Writing one to the USSWE bit allows the SOPT1 USBSSTBY bit to be written. This register bit clears after
a write to USBSSTBY.

Table continues on the next page...
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Chapter 12 System integration module (SIM)
SIM_SOPT1CFG field descriptions (continued)

Field Description
0 SOPT1 USBSSTB cannot be written.
1 SOPT1 USBSSTB can be written.

25 USB voltage regulator VLP standby write enable
UVSWE

Writing one to the UVSWE bit allows the SOPT1 USBVSTBY bit to be written. This register bit clears after
a write to USBVSTBY.

0 SOPT1 USBVSTB cannot be written.

1 SOPT1 USBVSTB can be written.

24 USB voltage regulator enable write enable
URWE

Writing one to the URWE bit allows the SOPT1 USBREGEN bit to be written. This register bit clears after
a write to USBREGEN.

0 SOPT1 USBREGEN cannot be written.
1 SOPT1 USBREGEN can be written.

23-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

12.2.3 System Options Register 2 (SIM_SOPT2)

SOPT?2 contains the controls for selecting many of the module clock source options on
this device. See the Clock Distribution chapter for more information including clocking
diagrams and definitions of device clocks.

Address: 4004_7000h base + 1004h offset = 4004_8004h

e
[e)

17

_
o)

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19

R 0 0
UARTOSRC | TPMSRC

USBSRC
PLLFLLSEL

o
o
o
o
o
o
o
o

Reset 0 0 0 0 0 0 0 0

Bt 15 14 138 12 11 10 9 8 | 7 6 5 4 3 2 1 0
0
R 0 5 0
(@)
CLKOUTSEL | ¥ g
Q
O
'—
c

o
o
o
o
o

Reset 0 0 0 0 0 0 0 0 0 0 0
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SIM_SOPT2 field descriptions

Field Description
31-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27-26 UARTO clock source select
UARTOSRC
Selects the clock source for the UARTO transmit and receive clock.
00 Clock disabled
01 MCGFLLCLK clock or MCGPLLCLK/2 clock
10 OSCERCLK clock
11 MCGIRCLK clock
25-24 TPM clock source select
TPMSRC
Selects the clock source for the TPM counter clock
00 Clock disabled
01 MCGFLLCLK clock or MCGPLLCLK/2
10 OSCERCLK clock
11 MCGIRCLK clock
23-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18 USB clock source select
USBSRC
Selects the clock source for the USB 48 MHz clock.
0 External bypass clock (USB_CLKIN).
1 MCGPLLCLK/2 or MCGFLLCLK clock
17 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
16 PLL/FLL clock select
PLLFLLSEL
Selects the MCGPLLCLK or MCGFLLCLK clock for various peripheral clocking options.
0 MCGFLLCLK clock
1 MCGPLLCLK clock with fixed divide by two
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-5 CLKOUT select
CLKOUTSEL
Selects the clock to output on the CLKOUT pin.
000 Reserved
001 Reserved
010 Bus clock
011 LPO clock (1 kHz)
100 MCGIRCLK
101 Reserved
110 OSCERCLK
111 Reserved
4 RTC clock out select
RTCCLKOUTSEL

Table continues on the next page...
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Chapter 12 System integration module (SIM)

SIM_SOPT2 field descriptions (continued)

Field Description
Selects either the RTC 1 Hz clock or the OSC clock to be output on the RTC_CLKOUT pin.
0 RTC 1 Hz clock is output on the RTC_CLKOUT pin.
1 OSCERCLK clock is output on the RTC_CLKOUT pin.
3-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

12.2.4 System Options Register 4 (SIM_SOPT4)

Address: 4004_7000h base + 100Ch offset = 4004_800Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
3 | @ | o g g
R 0 0 0
)] n 9]
AR S g
O O O O O
Al e o Al ~—
= > > = =
o o o o o
[ [ [ [= =
Reset 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0

SIM_SOPT4 field descriptions

Field Description
31-27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 TPM2 External Clock Pin Select
TPM2CLKSEL
Selects the external pin used to drive the clock to the TPM2 module.
NOTE: The selected pin must also be configured for the TPM external clock function through the
appropriate pin control register in the port control module.
0 TPM2 external clock driven by TPM_CLKINO pin.
1 TPM2 external clock driven by TPM_CLKIN1 pin.
25 TPM1 External Clock Pin Select
TPM1CLKSEL
Selects the external pin used to drive the clock to the TPM1 module.
NOTE: The selected pin must also be configured for the TPM external clock function through the
appropriate pin control register in the port control module.

Table continues on the next page...
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SIM_SOPT4 field descriptions (continued)

Field Description
0 TPM1 external clock driven by TPM_CLKINO pin.
1 TPM1 external clock driven by TPM_CLKIN1 pin.

24 TPMO External Clock Pin Select
TPMOCLKSEL

Selects the external pin used to drive the clock to the TPMO module.

NOTE: The selected pin must also be configured for the TPM external clock function through the
appropriate pin control register in the port control module.

0 TPMO external clock driven by TPM_CLKINO pin.
1 TPMO external clock driven by TPM_CLKIN1 pin.

23-21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20 TPM2 channel 0 input capture source select
TPM2CHOSRC

Selects the source for TPM2 channel 0 input capture.

NOTE: When TPM2 is not in input capture mode, clear this field.

0 TPM2_CHO signal
1 CMPO output

19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18 TPM1 channel 0 input capture source select
TPM1CHOSRC

Selects the source for TPM1 channel 0 input capture.
NOTE: When TPM1 is not in input capture mode, clear this field.

0 TPM1_CHO signal
1 CMPO output

17-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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12.2.5 System Options Register 5 (SIM_SOPT5)

Address: 4004_7000h base + 1010h offset = 4004_8010h

e
o]
-
~
e
o

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19

UART20DE
UART10DE
UARTOODE

Reset 0 0 0 0 0 0 0 0 0

o
o
o
o
o
o
o

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
O O (@) O
o o sy o
" ° % % °la @
o - o =
r C 5 2
o e o o
< <C <€ <€
-} o ) -}
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_SOPTS5 field descriptions

Field Description
31-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18 UART2 Open Drain Enable
UART20DE

0 Open drain is disabled on UART2
1 Open drain is enabled on UART2

17 UART1 Open Drain Enable
UART10DE

0 Open drain is disabled on UART1
1 Open drain is enabled on UART1

16 UARTO Open Drain Enable
UARTOODE

0 Open drain is disabled on UARTO
1 Open drain is enabled on UARTO

157 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

6 UART1 receive data source select
UART1RXSRC
Selects the source for the UART1 receive data.

0 UART1_RXpin

1 CMPO output

54 UART1 transmit data source select
UART1TXSRC

Selects the source for the UART1 transmit data.

Table continues on the next page...
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SIM_SOPTS field descriptions (continued)

Field Description
00 UARTI1_TX pin

01 UART1_TX pin modulated with TPM1 channel 0 output
10 UART1_TX pin modulated with TPM2 channel 0 output
11 Reserved

3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 UARTO receive data source select
UARTORXSRC

Selects the source for the UARTO receive data.

0 UARTO_RX pin
1 CMPO output

1-0 UARTO transmit data source select
UARTOTXSRC

Selects the source for the UARTO transmit data.

00 UARTO_TX pin

01 UARTO_TX pin modulated with TPM1 channel 0 output
10 UARTO_TX pin modulated with TPM2 channel 0 output
11 Reserved

12.2.6 System Options Register 7 (SIM_SOPT7)

Address: 4004_7000h base + 1018h offset = 4004_8018h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

o
o
o
o
o

Reset 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
3 3
R 0 Q 0
o
E G
2 T o ADCOTRGSEL
S S
w S 5
< <

Reset 0 0 0 0 0 0 0 0 0 0 0

o
o
o
o
o
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SIM_SOPT7 field descriptions

Field Description
31-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 ADCO alternate trigger enable
ADCOALTTRGEN

Enable alternative conversion triggers for ADCO.

0 TPM1 channel 0 (A) and channel 1 (B) triggers selected for ADCO.
1 Alternate trigger selected for ADCO.

6-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 ADCO pretrigger select
ADCOPRETRGSEL

Selects the ADCO pre-trigger source when alternative triggers are enabled through ADCOALTTRGEN.

0 Pre-trigger A
1 Pre-trigger B

3-0 ADCO trigger select
ADCOTRGSEL

Selects the ADCO trigger source when alternative triggers are functional in stop and VLPS modes. .

0000 External trigger pin input (EXTRG_IN)
0001 CMPO output
0010 Reserved

0011 Reserved

0100 PIT trigger O
0101 PIT trigger 1
0110 Reserved

0111 Reserved

1000 TPMO overflow
1001 TPM1 overflow
1010 TPM2 overflow
1011 Reserved

1100 RTC alarm
1101 RTC seconds
1110 LPTMRO trigger
1111 Reserved
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12.2.7 System Device Identification Register (SIM_SDID)

Address: 4004_7000h base + 1024h offset = 4004_8024h

Bit31302928272625242322212019181716|1514131211109876543210

SUBFAMID | SERIESID SRAMSIZE REVID DIEID 0 PINID

Reset *

* Notes:

* * 0 0 0 1 * * * * * * * * 0 1 O 0 1 0 0 O * * * *

FAMID field: Device specific value.
SUBFAMID field: Device specific value.
SRAMSIZE field: Device specific value.
REVID field: Device specific value.
PINID field: Device specific value.

SIM_SDID field descriptions

Field

Description

31-28
FAMID

Kinetis family 1D

Specifies the Kinetis family of the device.

0000
0001
0010
0011
0100

KLOx Family (low end)

KL1x Family (basic)

KL2x Family (USB)

KL3x Family (Segment LCD)

KL4x Family (USB and Segment LCD)

27-24
SUBFAMID

Kinetis Sub-Family ID

Specifies the Kinetis sub-family of the device.

0010
0100
0101
0110

KLx2 Subfamily (low end)

KLx4 Subfamily (basic analog)

KLx5 Subfamily (advanced analog)

KLx6 Subfamily (advanced analog with 12S)

23-20
SERIESID

Kinetis Series ID

Specifies the Kinetis family of the device.

0001

KL family

19-16
SRAMSIZE

System SRAM Size

Specifies the size of the System SRAM

0000
0001
0010
0011
0100
0101

0.5 KB
1 KB
2 KB
4 KB
8 KB
16 KB

Table continues on the next page...
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SIM_SDID field descriptions (continued)

Field Description
0110 32KB
0111 64 KB

15-12 Device revision number
REVID

Specifies the silicon implementation number for the device.

11-7 Device die number

DIEID
Specifies the silicon implementation number for the device.

6-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

3-0 Pincount identification
PINID
Specifies the pincount of the device.

0000 16-pin
0001  24-pin
0010 32-pin
0011 Reserved
0100 48-pin
0101 64-pin
0110 80-pin
0111 Reserved
1000 100-pin
1001 Reserved
1010 Reserved
1011 Reserved
1100 Reserved
1101 Reserved
1110 Reserved
1111  Reserved
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12.2.8 System Clock Gating Control Register 4 (SIM_SCGC4)

Address: 4004_7000h base + 1034h offset = 4004_8034h

Bit 31 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 1 0 0 (0] 0
o
SPIO CMP | R
(7}
D
Reset 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 0 o - o 0 1 0
o o o
= < < 12C1 | 12C0
W ) ) )
Reset 0 0 0 0 0 0 0 1 1 0 0 0 0
SIM_SCGCA4 field descriptions
Field Description
31-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
27-24 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
23 SPI1 Clock Gate Control
SPI1
This bit controls the clock gate to the SPI1 module.
0 Clock disabled
1 Clock enabled
22 SPI0 Clock Gate Control
SPIO
This bit controls the clock gate to the SPI0 module.
0 Clock disabled
1 Clock enabled
21-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19 Comparator Clock Gate Control
CMP
This bit controls the clock gate to the comparator module.
0 Clock disabled
1 Clock enabled
18 USB Clock Gate Control
USBOTG
This bit controls the clock gate to the USB module.

Table continues on the next page...
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SIM_SCGC4 field descriptions (continued)

Field Description
0 Clock disabled
1 Clock enabled
17-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
12 UART2 Clock Gate Control
UART2
This bit controls the clock gate to the UART2 module.
0 Clock disabled
1 Clock enabled
11 UART1 Clock Gate Control
UART1
This bit controls the clock gate to the UART1 module.
0 Clock disabled
1 Clock enabled
10 UARTO Clock Gate Control
UARTO
This bit controls the clock gate to the UARTO module.
0 Clock disabled
1 Clock enabled
9-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 I12C1 Clock Gate Control
12C1
This bit controls the clock gate to the 1 2 C1 module.
0 Clock disabled
1 Clock enabled
6 I12C0 Clock Gate Control
12C0
This bit controls the clock gate to the | 2 CO module.
0 Clock disabled
1 Clock enabled
5-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
3-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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12.2.9 System Clock Gating Control Register 5 (SIM_SCGC5)

Address: 4004_700

Bit 31 30

0h base + 1038h offset = 4004_8038h

29 28 27 26 25

24 | 23 22 21

19 18 17 16

Reset 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 3 2 1 0
R 0 W o | o | o | « 1 0 0 0 x
= = = = = s
[any o any o o sy -
©] o (@) o] @] o
W a [ a [ a 5

Reset 0 0

o
o
o
o
o

SIM_SCGCS field descriptions

Field Description
31-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
18-14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 Port E Clock Gate Control
PORTE
This bit controls the clock gate to the Port E module.
0 Clock disabled
1 Clock enabled
12 Port D Clock Gate Control
PORTD
This bit controls the clock gate to the Port D module.
0 Clock disabled
1 Clock enabled
11 Port C Clock Gate Control
PORTC
This bit controls the clock gate to the Port C module.
0 Clock disabled
1 Clock enabled
10 Port B Clock Gate Control
PORTB
This bit controls the clock gate to the Port B module.

Table continues on the next page...
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SIM_SCGCS field descriptions (continued)

Field Description
0 Clock disabled
1 Clock enabled
9 Port A Clock Gate Control
PORTA
This bit controls the clock gate to the Port A module.
0 Clock disabled
1 Clock enabled
87 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 TSI Access Control
TSI
This bit controls software access to the TSI module.
0 Access disabled
1 Access enabled
4-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Low Power Timer Access Control
LPTMR

This bit controls software access to the Low Power Timer module.

0 Access disabled
1 Access enabled

12.2.10 System Clock Gating Control Register 6 (SIM_SCGC6)

Address: 4004_7000h base + 103Ch offset = 4004_803Ch

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R 0 0 0
8 3 | S| 5|3
b RTC a = 5 = PIT
wl B < = = =
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
=
R 0 0 g
2 | FTF
=
=)
0 1
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SIM_SCGCE6 field descriptions

Field Description
31 DACO Clock Gate Control
DACO
This bit controls the clock gate to the DACO module.
0 Clock disabled
1 Clock enabled
30 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
29 RTC Access Control
RTC
This bit controls software access and interrupts to the RTC module.
0 Access and interrupts disabled
1 Access and interrupts enabled
28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27 ADCO Clock Gate Control
ADCO
This bit controls the clock gate to the ADCO module.
0 Clock disabled
1 Clock enabled
26 TPM2 Clock Gate Control
TPM2
This bit controls the clock gate to the TPM2 module.
0 Clock disabled
1 Clock enabled
25 TPM1 Clock Gate Control
TPMA1
This bit controls the clock gate to the TPM1 module.
0 Clock disabled
1 Clock enabled
24 TPMO Clock Gate Control
TPMO
This bit controls the clock gate to the TPMO module.
0 Clock disabled
1 Clock enabled
23 PIT Clock Gate Control
PIT
This bit controls the clock gate to the PIT module.
0 Clock disabled
1 Clock enabled
22-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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SIM_SCGCE6 field descriptions (continued)

Field Description
14-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 DMA Mux Clock Gate Control
DMAMUX

This bit controls the clock gate to the DMA Mux module.

0 Clock disabled
1 Clock enabled

0 Flash Memory Clock Gate Control
FTF

This bit controls the clock gate to the flash memory. Flash reads are still supported while the flash memory
is clock gated, but entry into low power modes is blocked.

0 Clock disabled
1 Clock enabled

12.2.11 System Clock Gating Control Register 7 (SIM_SCGC7)

Address: 4004_7000h base + 1040h offset = 4004_8040h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

SIM_SCGCY7 field descriptions

Field Description
31-9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 DMA Clock Gate Control
DMA

This bit controls the clock gate to the DMA module.

0 Clock disabled
1 Clock enabled

7-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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12.2.12 System Clock Divider Register 1 (SIM_CLKDIV1)

NOTE
The CLKDIV1 register cannot be written to when the device is
in VLPR mode.

NOTE

Reset value loaded during System Reset from
FTF_FOPT[LPBOOT].

Address: 4004_7000h base + 1044h offset = 4004_8044h

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

OUTDIV1 0 OUTDIV4 0

Reset * * * * 0 0 0 0 0 O OOO OO 1|0 OO OOOOUOUOTUOOUOOGOOUOTGO

* Notes:
e OUTDIV1 field: The reset value depends on the FTF_FOPT[LPBOOT]. it is loaded with 0000 (divide by one), 0001 (divide
by two), 0011 (divide by four), or 0111 (divide by eight).

SIM_CLKDIV1 field descriptions

Field Description

31-28 Clock 1 output divider value
OUTDIV1
This field sets the divide value for the core/system clock, as well as the bus/flash clocks. At the end of
reset, it is loaded with 0000 (divide by one), 0001 (divide by two), 0011 (divide by four), or 0111 (divide by
eight) depending on the setting of the two FTF_FOPT[LPBOQOT] configuration bits.

0000 Divide-by-1.
0001 Divide-by-2.
0010 Divide-by-3.
0011 Divide-by-4.
0100 Divide-by-5.
0101 Divide-by-6.
0110 Divide-by-7.
0111 Divide-by-8.
1000 Divide-by-9.
1001 Divide-by-10.
1010 Divide-by-11.
1011  Divide-by-12.
1100 Divide-by-13.
1101 Divide-by-14.
1110 Divide-by-15.
1111 Divide-by-16.

27-19 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

Table continues on the next page...
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SIM_CLKDIV1 field descriptions (continued)

Field Description

18-16 Clock 4 output divider value
OuUTDIV4
This field sets the divide value for the bus and flash clock and is in addition to the System clock divide
ratio. At the end of reset, it is loaded with 0001 (divide by two).

000 Divide-by-1.
001 Divide-by-2.
010 Divide-by-3.
011 Divide-by-4.
100 Divide-by-5.
101 Divide-by-6.
110 Divide-by-7.
111  Divide-by-8.
15-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

12.2.13 Flash Configuration Register 1 (SIM_FCFG1)

Address: 4004_7000h base + 104Ch offset = 4004_804Ch

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R 0 PFSIZE 0

Reset 0 0 0 0 * * * * 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

R 0
[N}
N | e
a | £
% n
2|3
— [T
[T

w

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

* Notes:
* PFSIZE field: Device specific value.
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SIM_FCFG1 field descriptions

Field

Description

31-28
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

27-24
PFSIZE

Program flash size

This field specifies the amount of program flash memory available on the device . Undefined values are
reserved.

0000
0001
0011
0101
0111
1001
1111

8 KB of program flash memory, 0.25 KB protection region
16 KB of program flash memory, 0.5 KB protection region
32 KB of program flash memory, 1 KB protection region

64 KB of program flash memory, 2 KB protection region

128 KB of program flash memory, 4 KB protection region
256 KB of program flash memory, 8 KB protection region
128 KB of program flash memory, 4 KB protection region

23-2
Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.

1
FLASHDOZE

Flash Doze

When set, Flash memory is disabled for the duration of Doze mode. This bit should be clear during VLP
modes. The Flash will be automatically enabled again at the end of Doze mode so interrupt vectors do not
need to be relocated out of Flash memory. The wakeup time from Doze mode is extended when this bit is
set. An attempt by the DMA or other bus master to access the Flash when the Flash is disabled will result
in a bus error.

0 Flash remains enabled during Doze mode
1 Flash is disabled for the duration of Doze mode

0
FLASHDIS

Flash Disable

Flash accesses are disabled (and generate a bus error) and the Flash memory is placed in a low power
state. This bit should not be changed during VLP modes. Relocate the interrupt vectors out of Flash
memory before disabling the Flash.

0 Flash is enabled
1 Flash is disabled
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12.2.14 Flash Configuration Register 2 (SIM_FCFG2)

Address: 4004_7000h base + 1050h offset = 4004_8050h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R| O MAXADDRO 1 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

* Notes:
* MAXADDRO field: Device specific value indicating amount of implemented flash.

SIM_FCFG2 field descriptions

Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30-24 Max address block
MAXADDRO

This field concatenated with leading zeros indicates the first invalid address of program flash.

For example, if MAXADDRO = 0x10 the first invalid address of program flash is 0x0002_0000. This would
be the MAXADDRQO value for a device with 128 KB program flash.

23 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.

22-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

15-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

12.2.15 Unique ldentification Register Mid-High (SIM_UIDMH)

Address: 4004_7000h base + 1058h offset = 4004_8058h

Bit31302928272625242322212019181716|1514131211109876543210

Reset O 0 o O 0 O 0 0 O 0 0 O 0 o O O * * * * * * * * * * * * * * * *

* Notes:
e UID field: Device specific value.
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SIM_UIDMH field descriptions

Field Description
31-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15-0 Unique Identification
uiD
Unique identification for the device.

12.2.16 Unique ldentification Register Mid Low (SIM_UIDML)

Address: 4004_7000h base + 105Ch offset = 4004_805Ch

Bit31302928272625242322212019181716|1514131211109876543210

R uiD

Reset * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

* Notes:
e UID field: Device specific value.

SIM_UIDML field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.

12.2.17 Unique ldentification Register Low (SIM_UIDL)

Address: 4004_7000h base + 1060h offset = 4004_8060h

Bit31302928272625242322212019181716|1514131211109876543210

R uiD
Heset * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
* Notes:

* UID field: Device specific value.

SIM_UIDL field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.
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12.2.18 COP Control Register (SIM_COPC)

All of the bits in this register can be written only once after a reset.

Address: 4004_7000h base + 1100h offset = 4004_8100h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

R 0

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 %)

B
COPT 8 o)
O (@)
(6]
1 1 0 0

SIM_COPC field descriptions

Field Description
314 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-2 COP Watchdog Timeout
COPT

These write-once bits select the timeout period of the COP. The COPT field along with the COPCLKS bit
define the COP timeout period.

00 COP disabled

01 COP timeout after 25 LPO cycles or 213 bus clock cycles
10 COP timeout after 28 LPO cycles or 216 bus clock cycles
11 COP timeout after 219 LPO cycles or 218 bus clock cycles

1 COP Clock Select
COPCLKS

This write-once bit selects the clock source of the COP watchdog.

0 Internal 1 kHz clock is source to COP
1 Bus clock is source to COP

0 COP windowed mode
COPW

Windowed mode is only supported when COP is running from the bus clock. The COP window is opened
three quarters through the timeout period.

0 Normal mode
1 Windowed mode
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12.2.19 Service COP Register (SIM_SRVCOP)

Address: 4004_7000h base + 1104h offset = 4004_8104h

Bit 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

w Reserved SRVCOP
ResetOOOOOOOOOOOOOOOO|0000000000000000

SIM_SRVCOP field descriptions

Field Description
31-8 This field is reserved.
Reserved
7-0 Sevice COP Register
SRVCOP
Write 0x55 and then OxAA (in that order) to reset the COP timeout counter.

12.3 Functional description

See Introduction section.
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Chapter 13
System Mode Controller (SMC)

13.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

The system mode controller (SMC) is responsible for sequencing the system into and out
of all low power stop and run modes. Specifically, it monitors events to trigger transitions
between power modes while controlling the power, clocks, and memories of the system
to achieve the power consumption and functionality of that mode.

This chapter describes all the available low power modes, the sequence followed to enter/
exit each mode, and the functionality available while in each of the modes.

The SMC is able to function during even the deepest low power modes.

13.2 Modes of operation
The ARM CPU has three primary modes of operation:

* Run
* Sleep
* Deep Sleep

The WFI or WFE instruction is used to invoke Sleep and Deep Sleep modes. Run, wait
and stop are the common terms used for the primary operating modes of Freescale
microcontrollers. The following table shows the translation between the ARM CPU
modes and the Freescale MCU power modes.
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Modes of operation

ARM CPU mode MCU mode
Sleep Wait
Deep Sleep Stop

Accordingly, the ARM CPU documentation refers to sleep and deep sleep, while the
Freescale MCU documentation normally uses wait and stop.

In addition, Freescale MCUs also augment stop, wait, and run modes in a number of
ways. The power management controller (PMC) contains a run and a stop mode
regulator. Run regulation is used in normal run, wait and stop modes. Stop mode
regulation is used during all very low power and low leakage modes. During stop mode
regulation, the bus frequencies are limited in the very low power modes.

The SMC provides the user with multiple power options. The Very Low Power Run
(VLPR) mode can drastically reduce run time power when maximum bus frequency is
not required to handle the application needs. From Normal Run mode, the Run Mode
(RUNM) field can be modified to change the MCU into VLPR mode when limited
frequency is sufficient for the application. From VLPR mode, a corresponding wait
(VLPW) and stop (VLPS) mode can be entered.

Depending on the needs of the user application, a variety of stop modes are available that
allow the state retention, partial power down or full power down of certain logic and/or
memory. I/O states are held in all modes of operation. Several registers are used to
configure the various modes of operation for the device.

The following table describes the power modes available for the device.

Table 13-1. Power modes

Mode Description

RUN The MCU can be run at full speed and the internal supply is fully regulated, that is, in run regulation.
This mode is also referred to as Normal Run mode.

WAIT The core clock is gated off. The system clock continues to operate. Bus clocks, if enabled, continue
to operate. Run regulation is maintained.

STOP The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid.

VLPR The core, system, bus, and flash clock maximum frequencies are restricted in this mode. See the
Power Management chapter for details about the maximum allowable frequencies.

VLPW The core clock is gated off. The system, bus, and flash clocks continue to operate, although their
maximum frequency is restricted. See the Power Management chapter for details on the maximum
allowable frequencies.

VLPS The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid.

LLS The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by reducing the voltage to internal logic. Internal logic states are retained.

Table continues on the next page...
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Table 13-1. Power modes (continued)

Mode Description

VLLS3 The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic. All system RAM contents are retained and 1/0
states are held. Internal logic states are not retained.

VLLSH The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic and all system RAM. I/O states are held. Internal
logic states are not retained.

VLLSO The core clock is gated off. System clocks to other masters and bus clocks are gated off after all
stop acknowledge signals from supporting peripherals are valid. The MCU is placed in a low
leakage mode by powering down the internal logic and all system RAM. I/O states are held. Internal
logic states are not retained. The 1kHz LPO clock is disabled and the power on reset (POR) circuit
can be optionally enabled using STOPCTRL[PORPO].

13.3 Memory map and register descriptions
Details follow about the registers related to the system mode controller.

Different SMC registers reset on different reset types. Each register's description provides
details. For more information about the types of reset on this chip, refer to the Reset
section details.

NOTE
The SMC registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus

eIror.
SMC memory map
Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)

4007_EO00 |Power Mode Protection register (SMC_PMPROT) 8 R/W 00h 13.3.1/219
4007_EO001 |Power Mode Control register (SMC_PMCTRL) 8 R/W 00h 13.3.2/221
4007_EO002 |Stop Control Register (SMC_STOPCTRL) 8 R/W 03h 13.3.3/222
4007_EO003 |Power Mode Status register (SMC_PMSTAT) 8 R 01h 13.3.4/223

13.3.1 Power Mode Protection register (SMC_PMPROT)

This register provides protection for entry into any low-power run or stop mode. The
enabling of the low-power run or stop mode occurs by configuring the Power Mode
Control register (PMCTRL).
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The PMPROT register can be written only once after any system reset.

If the MCU is configured for a disallowed or reserved power mode, the MCU remains in
its current power mode. For example, if the MCU is in normal RUN mode and AVLP is
0, an attempt to enter VLPR mode using PMCTRL[RUNM] is blocked and the RUNM
bits remain 00b, indicating the MCU is still in Normal Run mode.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the Reset
section details for more information.

Address: 4007_EO00Oh base + 0Oh offset = 4007_EO000h

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0
SMC_PMPROT field descriptions
Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Allow Very-Low-Power Modes
AVLP

Provided the appropriate control bits are set up in PMCTRL, this write-once bit allows the MCU to enter
any very-low-power modes: VLPR, VLPW, and VLPS.

0 VLPR, VLPW and VLPS are not allowed
1 VLPR, VLPW and VLPS are allowed

4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 Allow Low-Leakage Stop Mode
ALLS

This write once bit allows the MCU to enter any low-leakage stop mode (LLS), provided the appropriate
control bits are set up in PMCTRL.

0 LLSis not allowed
1 LLS s allowed

2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Allow Very-Low-Leakage Stop Mode
AVLLS

Provided the appropriate control bits are set up in PMCTRL, this write once bit allows the MCU to enter
any very-low-leakage stop mode (VLLSX).

0 Any VLLSx mode is not allowed
1 Any VLLSx mode is allowed

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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13.3.2 Power Mode Control register (SMC_PMCTRL)

The PMCTRL register controls entry into low-power run and stop modes, provided that
the selected power mode is allowed via an appropriate setting of the protection
(PMPROT) register.

NOTE

This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS. See the Reset section
details for more information.

Address: 4007_EO00Oh base + 1h offset = 4007_E001h

Bit 7 6 5 4 | 3 2 1 0
Read 0 0 STOPA
RUNM STOPM
Write
Reset 0 0 0 0 0 0 0 0
SMC_PMCTRL field descriptions
Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6-5 Run Mode Control
RUNM

When written, causes entry into the selected run mode. Writes to this field are blocked if the protection
level has not been enabled using the PMPROT register. This field is cleared by hardware on any exit to
normal RUN mode.

NOTE: RUNM must be set to VLPR only when PMSTAT=RUN. After being written to VLPR, RUNM
should not be written back to RUN until PMSTAT=VLPR.

NOTE: RUNM must be set to RUN only when PMSTAT=VLPR. After being written to RUN, RUNM
should not be written back to VLPR until PMSTAT=RUN.

00 Normal Run mode (RUN)

01 Reserved

10 Very-Low-Power Run mode (VLPR)
11  Reserved

4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 Stop Aborted
STOPA

When set, this read-only status bit indicates an interrupt or reset occured during the previous stop mode
entry sequence, preventing the system from entering that mode. This bit is cleared by hardware at the
beginning of any stop mode entry sequence and is set if the sequence was aborted.

0 The previous stop mode entry was successsful.
1 The previous stop mode entry was aborted.

Table continues on the next page...
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SMC_PMCTRL field descriptions (continued)

Field Description

2-0 Stop Mode Control
STOPM

When written, controls entry into the selected stop mode when Sleep-Now or Sleep-On-Exit mode is
entered with SLEEPDEEP=1 . Writes to this field are blocked if the protection level has not been enabled
using the PMPROT register. After any system reset, this field is cleared by hardware on any successful
write to the PMPROT register.

NOTE: When set to VLLSx, the VLLSM bits in the STOPCTRL register is used to further select the
particular VLLS submode which will be entered.

NOTE: When set to STOP, the PSTOPO bits in the STOPCTRL register can be used to select a Partial
Stop mode if desired.

000 Normal Stop (STOP)

001 Reserved

010 Very-Low-Power Stop (VLPS)
011 Low-Leakage Stop (LLS)

100 Very-Low-Leakage Stop (VLLSXx)
101 Reserved

110 Reseved

111 Reserved

13.3.3 Stop Control Register (SMC_STOPCTRL)

The STOPCTRL register provides various control bits allowing the user to fine tune
power consumption during the stop mode selected by the STOPM field.

NOTE

This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS. See the Reset section
details for more information.

Address: 4007_EO00Oh base + 2h offset = 4007_E002h

Bit 7 6 5 4 | 3 2 1 0
Read PSTOPO PORPO 0 0 VLLSM
Write
Reset 0 0 0 0 0 0 1 1
SMC_STOPCTRL field descriptions
Field Description
7-6 Partial Stop Option
PSTOPO

These bits control whether a Partial Stop mode is entered when STOPM=STOP. When entering a Partial
Stop mode from RUN mode, the PMC, MCG and flash remain fully powered, allowing the device to
wakeup almost instantaneously at the expense of higher power consumption. In PSTOP2, only system

Table continues on the next page...
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SMC_STOPCTRL field descriptions (continued)

Field Description

clocks are gated allowing peripherals running on bus clock to remain fully functional. In PSTOP1, both
system and bus clocks are gated.

00 STOP - Normal Stop mode

01 PSTOP1 - Partial Stop with both system and bus clocks disabled

10 PSTOP2 - Partial Stop with system clock disabled and bus clock enabled
11 Reserved

5 POR Power Option
PORPO

This bit controls whether the POR detect circuit is enabled in VLLSO mode.

0 POR detect circuit is enabled in VLLSO
1 POR detect circuit is disabled in VLLSO

4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2-0 VLLS Mode Control.
VLLSM
This field controls which VLLS sub-mode to enter if STOPM=VLLS.
000 VLLSO
001 VLLSH
010 Reserved
011 VLLS3

100 Reserved
101 Reserved
110 Reserved
111 Reserved

13.3.4 Power Mode Status register (SMC_PMSTAT)

PMSTAT is a read-only, one-hot register which indicates the current power mode of the
system.

NOTE

This register is reset on Chip POR not VLLS and by reset types
that trigger Chip POR not VLLS. It is unaffected by reset types
that do not trigger Chip POR not VLLS. See the Reset section
details for more information.
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Address: 4007_EO00h base + 3h offset = 4007_E003h

Bit 6 5 4 | 3 2 1 0
Read 0 PMSTAT
Write
Reset 0 0 0 0 0 0 0 1
SMC_PMSTAT field descriptions
Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6-0
PMSTAT NOTE: When debug is enabled, the PMSTAT will not update to STOP or VLPS

NOTE: When a PSTOP mode is enabled, the PMSTAT will not update to STOP or VLPS

000_0001 Current power mode is RUN
000_0010 Current power mode is STOP
000_0100 Current power mode is VLPR
000_1000 Current power mode is VLPW
001_0000 Current power mode is VLPS
010_0000 Current power mode is LLS
100_0000 Current power mode is VLLS

13.4 Functional description

13.4.1 Power mode transitions

The following figure shows the power mode state transitions available on the chip. Any
reset always brings the MCU back to the normal run state.
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Any RESET|

10 8

9
11

Figure 13-5. Power mode state diagram

The following table defines triggers for the various state transitions shown in the previous
figure.

Table 13-7. Power mode transition triggers

Transition # From To Trigger conditions
1 RUN WAIT Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
clear, controlled in System Control Register in ARM core.
See note.'
WAIT RUN Interrupt or Reset

Table continues on the next page...
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Table 13-7. Power mode transition triggers (continued)

Transition # From To Trigger conditions
2 RUN STOP PMCTRL[RUNM]=00, PMCTRL[STOPM]=0002

Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
set, which is controlled in System Control Register in ARM

core.
See note.’
STOP RUN Interrupt or Reset
3 RUN VLPR The core, system, bus and flash clock frequencies are

restricted in this mode. See the Power Management chapter
for the maximum allowable frequencies.

Set PMPROTI[AVLP]=1, PMCTRL[RUNM]=10.

VLPR RUN Set PMCTRL[RUNM]=00 or
Reset.

4 VLPR VLPW Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
clear, which is controlled in System Control Register in ARM
core.

See note.’
VLPW VLPR Interrupt
VLPW RUN Reset
VLPR VLPS PMCTRL[STOPM]=0003 or 010,

Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
set, which is controlled in System Control Register in ARM
core.

See note.!
VLPS VLPR Interrupt

NOTE: If VLPS was entered directly from RUN, hardware
will not allow this transition and will force exit back to
RUN

7 RUN VLPS PMPROT[AVLP]=1, PMCTRL[STOPM]=010,

Sleep-now or sleep-on-exit modes entered with SLEEPDEEP
set, which is controlled in System Control Register in ARM

core.
See note.’
VLPS RUN Interrupt and VLPS mode was entered directly from RUN or
Reset
8 RUN VLLSx PMPROT[AVLLS]=1, PMCTRL[STOPM]=100,

STOPCTRL[VLLSM]=x (VLLSXx), Sleep-now or sleep-on-exit
modes entered with SLEEPDEEP set, which is controlled in
System Control Register in ARM core.

VLLSx RUN Wakeup from enabled LLWU input source or RESET pin

9 VLPR VLLSx PMPROT[AVLLS]=1, PMCTRL[STOPM]=100,
STOPCTRL[VLLSM]=x (VLLSx), Sleep-now or sleep-on-exit
modes entered with SLEEPDEEP set, which is controlled in
System Control Register in ARM core.

Table continues on the next page...
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Table 13-7. Power mode transition triggers (continued)

Transition # From To Trigger conditions
10 RUN LLS PMPROTI[ALLS]=1, PMCTRL[STOPM]=011, Sleep-now or
sleep-on-exit modes entered with SLEEPDEEP set, which is
controlled in System Control Register in ARM core.
LLS RUN Wakeup from enabled LLWU input source or RESET pin.
11 VLPR LLS PMPROT[ALLS]=1, PMCTRL[STOPM]=011, Sleep-now or

sleep-on-exit modes entered with SLEEPDEEP set, which is
controlled in System Control Register in ARM core.

—_

If debug is enabled, the core clock remains to support debug.

2. If PMCTRL[STOPM]=000 and STOPCTRL[PSTOPO]=01 or 10, then only a Partial Stop mode is entered instead of STOP

3. If PMCTRL[STOPM]=000 and STOPCTRL[PSTOPOQO]=00, then VLPS mode is entered instead of STOP. If
PMCTRL[STOPM]=000 and STOPCTRL[PSTOPOQO]=01 or 10, then only a Partial Stop mode is entered instead of VLPS

13.4.2 Power mode entry/exit sequencing

When entering or exiting low-power modes, the system must conform to an orderly

sequence to manage transitions safely. The SMC manages the system's entry into and exit

from all power modes. The following diagram illustrates the connections of the SMC
with other system components in the chip that are necessary to sequence the system
through all power modes.
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13.4.2.1 Stop mode entry sequence
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Bus slaves low power bus

Flash low power bus

Flash
Memory
Module

Figure 13-6. Low-power system components and connections

Entry into a low-power stop mode (Stop, VLPS, LLS, VLLSx) is initiated by CPU
execution of the WFI instruction. After the instruction is executed, the following

sequence occurs:

1.
2.
3.

hd

The CPU clock is gated off immediately.
Requests are made to all non-CPU bus masters to enter Stop mode.
After all masters have acknowledged they are ready to enter Stop mode, requests are

made to all bus slaves to enter Stop mode.

bus clocks are gated off.

Clock generators are disabled in the MCG.
The on-chip regulator in the PMC and internal power switches are configured to

After all slaves have acknowledged they are ready to enter Stop mode, all system and

meet the power consumption goals for the targeted low-power mode.
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13.4.2.2 Stop mode exit sequence

Exit from a low-power stop mode is initiated either by a reset or an interrupt event. The
following sequence then executes to restore the system to a run mode (RUN or VLPR):
1. The on-chip regulator in the PMC and internal power switches are restored.
2. Clock generators are enabled in the MCG.
3. System and bus clocks are enabled to all masters and slaves.
4. The CPU clock is enabled and the CPU begins servicing the reset or interrupt that
initiated the exit from the low-power stop mode.

13.4.2.3 Aborted stop mode entry

If an interrupt or a reset occurs during a stop entry sequence, the SMC can abort the
transition early and return to RUN mode without completely entering the stop mode. An
aborted entry is possible only if the reset or interrupt occurs before the PMC begins the
transition to stop mode regulation. After this point, the interrupt or reset is ignored until
the PMC has completed its transition to stop mode regulation. When an aborted stop
mode entry sequence occurs, the SMC's PMCTRL[STOPA] is set to 1.

13.4.2.4 Transition to wait modes

For wait modes (WAIT and VLPW), the CPU clock is gated off while all other clocking
continues, as in RUN and VLPR mode operation. Some modules that support stop-in-
wait functionality have their clocks disabled in these configurations.

13.4.2.5 Transition from stop modes to Debug mode

The debugger module supports a transition from STOP, WAIT, VLPS, and VLPW back
to a Halted state when the debugger has been enabled, that is, ENBDM is 1. As part of
this transition, system clocking is re-established and is equivalent to the normal RUN and
VLPR mode clocking configuration.

13.4.3 Run modes

The device contains two different run modes:

* Run
* Very Low-Power Run (VLPR)
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13.4.3.1 RUN mode

This is the normal operating mode for the device.

This mode is selected after any reset. When the ARM processor exits reset, it sets up the
stack, program counter (PC), and link register (LR):

» The processor reads the start SP (SP_main) from vector-table offset 0x000
» The processor reads the start PC from vector-table offset 0x004
* LR is set to OxFFFF_FFFF.

To reduce power in this mode, disable the clocks to unused modules using their
corresponding clock gating control bits in the SIM's registers.

13.4.3.2 Very-Low Power Run (VLPR) mode

In VLPR mode, the on-chip voltage regulator is put into a stop mode regulation state. In
this state, the regulator is designed to supply enough current to the MCU over a reduced
frequency. To further reduce power in this mode, disable the clocks to unused modules
using their corresponding clock gating control bits in the SIM's registers.

Before entering this mode, the following conditions must be met:

* The MCG must be configured in a mode which is supported during VLPR. See the
Power Management details for information about these MCG modes.

* All clock monitors in the MCG must be disabled.

* The maximum frequencies of the system, bus, flash, and core are restricted. See the
Power Management details about which frequencies are supported.

* Mode protection must be set to allow VLP modes, that is, PMPROT[AVLP] is 1.

* PMCTRL[RUNM] is set to 10b to enter VLPR.

* Flash programming/erasing is not allowed.

NOTE
Do not change the clock frequency while in VLPR mode,
because the regulator is slow responding and cannot manage
fast load transitions. In addition, do not modify the clock source
in the MCG module, the module clock enables in the SIM, or
any clock divider registers.
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To reenter Normal Run mode, clear RUNM. The PMSTAT register is a read-only status
register that can be used to determine when the system has completed an exit to RUN
mode. When PMSTAT=RUN, the system is in run regulation and the MCU can run at
full speed in any clock mode. If a higher execution frequency is desired, poll the
PMSTAT register until it is set to RUN when returning from VLPR mode.

Any reset always causes an exit from VLPR and returns the device to RUN mode after
the MCU exits its reset flow.

13.4.4 Wait modes

This device contains two different wait modes:

* Wait
* Very-Low Power Wait (VLPW)

13.4.4.1 WAIT mode

WAIT mode is entered when the ARM core enters the Sleep-Now or Sleep-On-Exit
modes while SLEEDEERP is cleared. The ARM CPU enters a low-power state in which it
is not clocked, but peripherals continue to be clocked provided they are enabled. Clock
gating to the peripheral is enabled via the SIM..

When an interrupt request occurs, the CPU exits WAIT mode and resumes processing in
RUN mode, beginning with the stacking operations leading to the interrupt service
routine.

A system reset will cause an exit from WAIT mode, returning the device to normal RUN
mode.

13.4.4.2 Very-Low-Power Wait (VLPW) mode

VLPW is entered by the entering the Sleep-Now or Sleep-On-Exit mode while
SLEEPDEEP is cleared and the MCU is in VLPR mode.

In VLPW, the on-chip voltage regulator remains in its stop regulation state. In this state,
the regulator is designed to supply enough current to the MCU over a reduced frequency.
To further reduce power in this mode, disable the clocks to unused modules by clearing
the peripherals' corresponding clock gating control bits in the SIM.

VLPR mode restrictions also apply to VLPW.
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When an interrupt from VLPW occurs, the device returns to VLPR mode to execute the
interrupt service routine.

A system reset will cause an exit from VLPW mode, returning the device to normal RUN
mode.

13.4.5 Stop modes

This device contains a variety of stop modes to meet your application needs. The stop
modes range from:

* a stopped CPU, with all I/O, logic, and memory states retained, and certain
asynchronous mode peripherals operating

to:

* a powered down CPU, with only I/O and a small register file retained, very few
asynchronous mode peripherals operating, while the remainder of the MCU is
powered down.

The choice of stop mode depends upon the user's application, and how power usage and
state retention versus functional needs may be traded off.

The various stop modes are selected by setting the appropriate fields in PMPROT and
PMCTRL. The selected stop mode mode is entered during the sleep-now or sleep-on-exit
entry with the SLEEPDEEDP bit set in the System Control Register in the ARM core.

The available stop modes are:

* Normal Stop (STOP)

* Very-Low Power Stop (VLPS)

* Low-Leakage Stop (LLS)

* Very-Low-Leakage Stop (VLLSx)

13.4.5.1 STOP mode

STOP mode is entered via the sleep-now or sleep-on-exit with the SLEEPDEEP bit set in
the System Control Register in the ARM core.

The MCG module can be configured to leave the reference clocks running.
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A module capable of providing an asynchronous interrupt to the device takes the device
out of STOP mode and returns the device to normal RUN mode. Refer to the device's
Power Management chapter for peripheral, I/O, and memory operation in STOP mode.
When an interrupt request occurs, the CPU exits STOP mode and resumes processing,
beginning with the stacking operations leading to the interrupt service routine.

A system reset will cause an exit from STOP mode, returning the device to normal RUN
mode via an MCU reset.

13.4.5.2 Very-Low-Power Stop (VLPS) mode
VLPS mode can be entered in one of two ways:

 Entry into stop via the sleep-now or sleep-on-exit with the SLEEPDEEP bit set in the
System Control Register in the ARM core while the MCU is in VLPR mode and
STOPM=010 or 000 in the PMCTRL register.

 Entry into stop via the sleep-now or sleep-on-exit with the SLEEPDEEP bit set in the
System Control Register in the ARM core while the MCU is in normal RUN mode
and STOPM=010 in the PMCTRL register. When VLPS is entered directly from
RUN mode, exit to VLPR is disabled by hardware and the system will always exit
back to RUN.

In VLPS, the on-chip voltage regulator remains in its stop regulation state as in VLPR.

A module capable of providing an asynchronous interrupt to the device takes the device
out of VLPS and returns the device to VLPR mode.

A system reset will also cause a VLPS exit, returning the device to normal RUN mode.

13.4.5.3 Low-Leakage Stop (LLS) mode
Low-Leakage Stop (LLS) mode can be entered from normal RUN or VLPR modes.

The MCU enters LLS mode if:
* In Sleep-Now or Sleep-On-Exit mode, SLEEPDEEP is set in the System Control
Register in the ARM core, and
* The device is configured as shown in Table 13-7.

In LLS, the on-chip voltage regulator is in stop regulation. Most of the peripherals are put
in a state-retention mode that does not allow them to operate while in LLS.
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Before entering LLS mode, the user should configure the low-leakage wakeup (LLWU)
module to enable the desired wakeup sources. The available wakeup sources in LLS are
detailed in the chip configuration details for this device.

After wakeup from LLS, the device returns to normal RUN mode with a pending LLWU
module interrupt. In the LLWU interrupt service routine (ISR), the user can poll the
LLWU module wakeup flags to determine the source of the 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.

An asserted RESET pin will cause an exit from LLS mode, returning the device to
normal RUN mode. When LLS is exiting via the RESET pin, the PIN and WAKEUP bits
are set in the SRSO register of the reset control module (RCM).

13.4.5.4 Very-Low-Leakage Stop (VLLSx) modes
This device contains these very low leakage modes:

* VLLS3
* VLLSI
 VLLSO

VLLSx is often used in this document to refer to all of these modes.
All VLLSx modes can be entered from normal RUN or VLPR modes.

The MCU enters the configured VLLS mode if:
* In Sleep-Now or Sleep-On-Exit mode, the SLEEPDEEP bit is set in the System
Control Register in the ARM core, and
* The device is configured as shown in Table 13-7.

In VLLS, the on-chip voltage regulator is in its stop-regulation state while most digital
logic is powered off.

Before entering VLLS mode, the user should configure the low-leakage wakeup (LLWU)
module to enable the desired wakeup sources. The available wakeup sources in VLLS are
detailed in the chip configuration details for this device.

After wakeup from VLLS, the device returns to normal RUN mode with a pending
LLWU interrupt. In the LLWU interrupt service routine (ISR), the user can poll the
LLWU module wakeup flags to determine the source of the wakeup.
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When entering VLLS, each I/0 pin is latched as configured before executing VLLS.
Because all digital logic in the MCU is powered off, all port and peripheral data is lost
during VLLS. This information must be restored before the ACKISO bit in the PMC is
set.

An asserted RESET pin will cause an exit from any VLLS mode, returning the device to

normal RUN mode. When exiting VLLS via the RESET pin, the PIN and WAKEUP bits
are set in the SRSO register of the reset control module (RCM).

13.4.6 Debug in low power modes

When the MCU is secure, the device disables/limits debugger operation. When the MCU
1s unsecure, the ARM debugger can assert two power-up request signals:

* System power up, via SYSPWR in the Debug Port Control/Stat register
* Debug power up, via CDBGPWRUPREQ in the Debug Port Control/Stat register

When asserted while in RUN, WAIT, VLPR, or VLPW, the mode controller drives a
corresponding acknowledge for each signal, that is, both CDBGPWRUPACK and
CSYSPWRUPACK. When both requests are asserted, the mode controller handles
attempts to enter STOP and VLPS by entering an emulated stop state. In this emulated
stop state:

the regulator is in run regulation,

the MCG-generated clock source is enabled,

all system clocks, except the core clock, are disabled,
the debug module has access to core registers, and

* access to the on-chip peripherals is blocked.

No debug is available while the MCU is in LLS or VLLS modes. LLS is a state-retention
mode and all debug operation can continue after waking from LLS, even in cases where
system wakeup is due to a system reset event.

Entering into a VLLS mode causes all of the debug controls and settings to be powered
off. To give time to the debugger to sync with the MCU, the MDM AP Control Register
includes a Very-Low-Leakage Debug Request (VLLDBGREQ) bit that is set to configure
the Reset Controller logic to hold the system in reset after the next recovery from a VLLS
mode. This bit allows the debugger time to reinitialize the debug module before the
debug session continues.

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc. 235




Functional description

The MDM AP Control Register also includes a Very Low Leakage Debug Acknowledge
(VLLDBGACK) bit that is set to release the ARM core being held in reset following a
VLLS recovery. The debugger reinitializes all debug IP, and then asserts the
VLLDBGACK control bit to allow the RCM to release the ARM core from reset and
allow CPU operation to begin.

The VLLDBGACK bit is cleared by the debugger (or can be left set as is) or clears
automatically due to the reset generated as part of the next VLLS recovery.
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Chapter 14
Power Management Controller (PMC)

14.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

The power management controller (PMC) contains the internal voltage regulator, power
on reset (POR), and low voltage detect system.

14.2 Features
The PMC features include:

* Internal voltage regulator

 Active POR providing brown-out detect

» Low-voltage detect supporting two low-voltage trip points with four warning levels
per trip point

14.3 Low-voltage detect (LVD) system

This device includes a system to guard against low-voltage conditions. This protects
memory contents and controls MCU system states during supply voltage variations. The
system is comprised of a power-on reset (POR) circuit and a LVD circuit with a user-
selectable trip voltage: high (Vi ypp) or low (Vi ypL)- The trip voltage is selected by the
LVDSCI[LVDV] bits. The LVD is disabled upon entering VLPx, LLS, and VLLSx
modes.

Two flags are available to indicate the status of the low-voltage detect system:

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc. 237




A
Low-voltage detect (LVD) system

* The low voltage detect flag (LVDF) operates in a level sensitive manner. The LVDF
bit is set when the supply voltage falls below the selected trip point (VLVD). The
LVDF bit is cleared by writing one to the LVDACK bit, but only if the internal
supply has returned above the trip point; otherwise, the LVDF bit remains set.

e The low voltage warning flag (LVWF) operates in a level sensitive manner. The
LVWEF bit is set when the supply voltage falls below the selected monitor trip point
(VLVW). The LVWEF bit is cleared by writing one to the LVWACK bit, but only if
the internal supply has returned above the trip point; otherwise, the LVWF bit
remains set.

14.3.1 LVD reset operation

By setting the LVDRE bit, the LVD generates a reset upon detection of a low voltage
condition. The low voltage detection threshold is determined by the LVDV bits. After an
LVD reset occurs, the LVD system holds the MCU in reset until the supply voltage rises
above this threshold. The LVD bit in the SRS register is set following an LVD or power-
on reset.

14.3.2 LVD interrupt operation

By configuring the LVD circuit for interrupt operation (LVDIE set and LVDRE clear),
LVDSCI1[LVDF] is set and an LVD interrupt request occurs upon detection of a low
voltage condition. The LVDF bit is cleared by writing one to the LVDSCI[LVDACK]
bit.

14.3.3 Low-voltage warning (LVW) interrupt operation

The LVD system contains a low-voltage warning flag (LVWF) to indicate that the supply
voltage is approaching, but is above, the LVD voltage. The LVW also has an interrupt,
which is enabled by setting the LVDSC2[LVWIE] bit. If enabled, an LVW interrupt
request occurs when the LVWF is set. LVWF is cleared by writing one to the
LVDSC2[LVWACK] bit.

The LVDSC2[LVWV] bits select one of four trip voltages:

* Highest: VL ywa4
« Two mid-levels: Vi yw3s and Vi yw2
* Lowest: Viywi
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14.4

/O retention

When in LLS mode, the I/O pins are held in their input or output state. Upon wakeup, the
PMC is re-enabled, goes through a power up sequence to full regulation, and releases the
logic from state retention mode. The 1/O are released immediately after a wakeup or reset
event. In the case of LLS exit via a RESET pin, the I/O default to their reset state.

When in VLLS modes, the 1/0O states are held on a wakeup event (with the exception of
wakeup by reset event) until the wakeup has been acknowledged via a write to the
ACKISO bit. In the case of VLLS exit via a RESET pin, the I/O are released and default
to their reset state. In this case, no write to the ACKISO is needed.

14.5 Memory map and register descriptions
PMC register details follow.

NOTE

Different portions of PMC registers are reset only by particular
reset types. Each register's description provides details. For
more information about the types of reset on this chip, refer to

the Reset section details.

The PMC registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus

CITOor.

PMC memory map

Absolute

address Register name W 'd.t h Access | Reset value Section/
(hex) (in bits) page
4007_D000 I(_Igl\\//lv(;/oll_t\itg%g%tect Status And Control 1 register 8 R/W 10h 14.5.1/240
4007 D001 I(Sh\/}llé/oll_t\:;lgesgg;ect Status And Control 2 register 8 R/W 00h 14.5.2/241
4007_D002 |Regulator Status And Control register (PMC_REGSC) 8 R/W 04h 14.5.3/242
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Memory map and register descriptions

14.5.1 Low Voltage Detect Status And Control 1 register
(PMC_LVDSC1)

This register contains status and control bits to support the low voltage detect function.
This register should be written during the reset initialization program to set the desired
controls even if the desired settings are the same as the reset settings.

While the device is in the very low power or low leakage modes, the LVD system is
disabled regardless of LVDSCI1 settings. To protect systems that must have LVD always
on, configure the SMC's power mode protection register (PMPROT) to disallow any very
low power or low leakage modes from being enabled.

See the device's data sheet for the exact LVD trip voltages.

NOTE
The LVDYV bits are reset solely on a POR Only event. The
register's other bits are reset on Chip Reset Not VLLS. For
more information about these reset types, refer to the Reset
section details.

Address: 4007_DO000h base + 0Oh offset = 4007_D000h

Bit 7 6 5 4 | 3 2 1 0

Read LVDF 0
- LVDIE LVDRE LVDV
Write LVDACK
Reset 0 0 0 1 0 0 0 0
PMC_LVDSC1 field descriptions
Field Description
7 Low-Voltage Detect Flag

LVDF

This read-only status bit indicates a low-voltage detect event.

0 Low-voltage event not detected
1 Low-voltage event detected

6 Low-Voltage Detect Acknowledge

LVDACK
This write-only bit is used to acknowledge low voltage detection errors. Write 1 to clear LVDF. Reads

always return 0.

5 Low-Voltage Detect Interrupt Enable
LVDIE
Enables hardware interrupt requests for LVDF.

0 Hardware interrupt disabled (use polling)
1 Request a hardware interrupt when LVDF = 1

Table continues on the next page...
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PMC_LVDSC1 field descriptions (continued)

Field Description

4 Low-Voltage Detect Reset Enable
LVDRE
This write-once bit enables LVDF events to generate a hardware reset. Additional writes are ignored.

0 LVDF does not generate hardware resets
1 Force an MCU reset when LVDF = 1

3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1-0 Low-Voltage Detect Voltage Select
LVDV

Selects the LVD trip point voltage (V yp )-

00 Low trip point selected (V .vp =V LvpL )
01 High trip point selected (V .vp =V LvpH )
10 Reserved
11 Reserved

14.5.2 Low Voltage Detect Status And Control 2 register
(PMC_LVDSC2)

This register contains status and control bits to support the low voltage warning function.

While the device is in the very low power or low leakage modes, the LVD system is
disabled regardless of LVDSC?2 settings.

See the device's data sheet for the exact LVD trip voltages.

NOTE
The LVW trip voltages depend on LVWYV and LVDV bits.

NOTE
The LVWYV bits are reset solely on a POR Only event. The
register's other bits are reset on Chip Reset Not VLLS. For
more information about these reset types, refer to the Reset
section details.

Address: 4007_DO000h base + 1h offset = 4007_D001h

Bit 7 6 5 4 | 3 2 1 0
Read LVWF 0
LVWIE LVWV
Write LVWACK
Reset 0 0 0 0 0 0 0 0
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PMC_LVDSC2 field descriptions

Field Description

7 Low-Voltage Warning Flag
LVWF
This read-only status bit indicates a low-voltage warning event. LVWF is set when Vg, transitions below

the trip point, or after reset and Vg,ppyy is already below Viyy. LVWF bit may be 1 after power on reset,
therefore, to use LVW interrupt function, before enabling LVWIE, LVWF must be cleared by writing
LVWACK first.

0 Low-voltage warning event not detected
1 Low-voltage warning event detected

6 Low-Voltage Warning Acknowledge

LVWACK
This write-only bit is used to acknowledge low voltage warning errors. Write 1 to clear LVWF. Reads

always return 0.

5 Low-Voltage Warning Interrupt Enable
LVWIE
Enables hardware interrupt requests for LVWF.

0 Hardware interrupt disabled (use polling)
1 Request a hardware interrupt when LVWF = 1

4-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1-0 Low-Voltage Warning Voltage Select
LVWV

Selects the LVW trip point voltage (V_yw). The actual voltage for the warning depends on LVDSC1[LVDV].

00 Low trip point selected (Vi yw = Vivwi1)
01 Mid 1 trip point selected (VL yw = ViLvwe)
10 Mid 2 trip point selected (Vo yw = Vivws)
11 High trip point selected (Vo yw = Vivwa)

14.5.3 Regulator Status And Control register (PMC_REGSC)

The PMC contains an internal voltage regulator. The voltage regulator design uses a
bandgap reference that is also available through a buffer as input to certain internal
peripherals, such as the CMP and ADC. The internal regulator provides a status bit
(REGONYS) indicating the regulator is in run regulation.

NOTE
This register is reset on Chip Reset Not VLLS and by reset
types that trigger Chip Reset not VLLS. See the Reset section
for more information.
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Address: 4007_DO000h base + 2h offset = 4007_D002h

Bit 7 6 5 4 3 2 1 0
Read 0 ACKISO REGONS
Reserved BGEN Reserved BGBE
Write wic
Reset 0 0 0 0 0 0 0
PMC_REGSC field descriptions
Field Description
7-6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 This field is reserved.
Reserved
4 Bandgap Enable In VLPx Operation
BGEN
BGEN controls whether the bandgap is enabled in lower power modes of operation (VLPx, LLS, and
VLLSx). When on-chip peripherals require the bandgap voltage reference in low power modes of
operation, set BGEN to continue to enable the bandgap operation.
NOTE: When the bandgap voltage reference is not needed in low power modes, clear BGEN to avoid
excess power consumption.
0 Bandgap voltage reference is disabled in VLPx, LLS , and VLLSx modes
1 Bandgap voltage reference is enabled in VLPx , LLS , and VLLSx modes
3 Acknowledge Isolation
ACKISO ] o ] ) ]
Reading this bit indicates whether certain peripherals and the I/0 pads are in a latched state as a result of
having been in a VLLS mode. Writing one to this bit when it is set releases the 1/0 pads and certain
peripherals to their normal run mode state.
NOTE: After recovering from a VLLS mode, user should restore chip configuration before clearing
ACKISO. In particular, pin configuration for enabled LLWU wakeup pins should be restored to
avoid any LLWU flag from being falsely set when ACKISO is cleared.
0 Peripherals and I/O pads are in normal run state
1 Certain peripherals and I/O pads are in an isolated and latched state
2 Regulator In Run Regulation Status
REGONS
This read-only bit provides the current status of the internal voltage regulator.
0 Regulator is in stop regulation or in transition to/from it
1 Regulator is in run regulation
1 This field is reserved.
Reserved
NOTE: This reserved bit must remain cleared (set to 0).
0 Bandgap Buffer Enable
BGBE

Enables the bandgap buffer.

0 Bandgap buffer not enabled
1 Bandgap buffer enabled
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Chapter 15
Low-Leakage Wakeup Unit (LLWU)

15.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

The LLWU module allows the user to select up to 16 external pin sources and up to 8
internal modules as a wakeup source from low-leakage power modes. The input sources
are described in the device's chip configuration details. Each of the available wakeup
sources can be individually enabled.

The LLWU module also includes two optional digital pin filters for the external wakeup
pins.

15.1.1 Features
The LLWU module features include:

* Support for up to 16 external input pins and up to 8 internal modules with individual
enable bits

* Input sources may be external pins or from internal peripherals capable of running in
LLS or VLLS. See the chip configuration information for wakeup input sources for
this device.

 External pin wakeup inputs, each of which is programmable as falling-edge, rising-
edge, or any change

» Wakeup inputs that are activated if enabled after MCU enters a low-leakage power
mode

* Optional digital filters provided to qualify an external pin detect. When entering
VLLSO, the filters are disabled and bypassed.

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc. 245




Introduction

15.1.2 Modes of operation

The LLWU module becomes functional on entry into a low-leakage power mode. After
recovery from LLS, the LLWU is immediately disabled. After recovery from VLLS, the
LLWU continues to detect wakeup events until the user has acknowledged the wakeup
via a write to the PMC_REGSC[ACKISO] bit.

15.1.2.1 LLS mode

The LLWU module provides up to 16 external wakeup inputs and up to 8 internal module
wakeup inputs.

Wakeup events due to external wakeup inputs and internal module wakeup inputs result
in an interrupt flow when exiting LLS.

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.

15.1.2.2 VLLS modes

The LLWU module provides up to 16 external wakeup inputs and up to 8 internal module
wakeup inputs. All wakeup events result in VLLS exit via a reset flow.

15.1.2.3 Non-low leakage modes

The LLWU is not active in all non-low leakage modes where detection and control logic
are in a static state. The LLWU registers are accessible in non-low leakage modes and are
available for configuring and reading status when bus transactions are possible.

When the wakeup pin filters are enabled, filter operation begins immediately. If a low
leakage mode is entered within 5 LPO clock cycles of an active edge, the edge event will
be detected by the LLWU.
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15.1.2.4 Debug mode

When the chip is in Debug mode and then enters LLS or a VLLSx mode, no debug logic
works in the fully-functional low-leakage mode. Upon an exit from the LLS or VLLSx
mode, the LLWU becomes inactive.

15.1.3 Block diagram
The following figure is the block diagram for the LLWU module.
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flag detect >
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Figure 15-1. LLWU block diagram
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15.2 LLWU signal descriptions

The signal properties of LLWU are shown in the following table. The external wakeup
input pins can be enabled to detect either rising-edge, falling-edge, or on any change.

Table 15-1. LLWU signal descriptions

Signal Description 110
LLWU_Pn Wakeup inputs (n = 0-15) |
15.3 Memory map/register definition

The LLWU includes the following registers:

 Five 8-bit wakeup source enable registers
* Enable external pin input sources
* Enable internal peripheral sources

e Three &8-

bit wakeup flag registers

* Indication of wakeup source that caused exit from a low-leakage power mode
includes external pin or internal module interrupt
* Two 8-bit wakeup pin filter enable registers

NOTE
The LLWU registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus
error.

All LLWU registers are reset by Chip Reset not VLLS and by
reset types that trigger Chip Reset not VLLS. Each register's
displayed reset value represents this subset of reset types.
LLWU registers are unaffected by reset types that do not trigger
Chip Reset not VLLS. For more information about the types of
reset on this chip, refer to the Introduction details.

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

248

Freescale Semiconductor, Inc.



4
Chapter 15 Low-Leakage Wakeup Unit (LLWU)

LLWU memory map

Absolute . .
address Register name (ierI:ittr;) Access | Reset value Se(;tu;n/
(hex) pag
4007_C000 |LLWU Pin Enable 1 register (LLWU_PE1) 8 R/W 00h 15.3.1/249
4007_C001 |LLWU Pin Enable 2 register (LLWU_PE2) 8 R/W 00h 15.8.2/250
4007_C002 |LLWU Pin Enable 3 register (LLWU_PE3) 8 R/W 00h 15.3.3/251
4007_CO003 |LLWU Pin Enable 4 register (LLWU_PE4) 8 R/W 00h 15.3.4/252
4007_C004 |LLWU Module Enable register (LLWU_ME) 8 R/W 00h 15.3.5/253
4007_CO005 |[LLWU Flag 1 register (LLWU_F1) 8 R/W 00h 15.3.6/255
4007_CO006 |LLWU Flag 2 register (LLWU_F2) 8 R/W 00h 15.3.7/257
4007_CO007 |LLWU Flag 3 register (LLWU_F3) 8 R 00h 15.3.8/258
4007_C008 |LLWU Pin Filter 1 register (LLWU_FILTT) 8 R/W 00h 15.3.9/260
4007_CO009 |LLWU Pin Filter 2 register (LLWU_FILT2) 8 R/W 00h 15.3.10/261

15.3.1 LLWU Pin Enable 1 register (LLWU_PE1)

LLWU_PEI contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P3-LLWU_PO.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 0Oh offset = 4007_C000h

Bit 7 6 5 4 3 2 1 0
Read WUPE3 WUPE2 WUPET WUPEO
Write
Reset 0 0 0 0 0 0 0 0

LLWU_PEH1 field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P3
WUPE3
Enables and configures the edge detection for the wakeup pin.
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection
54 Wakeup Pin Enable For LLWU_P2
WUPE2

Enables and configures the edge detection for the wakeup pin.

Table continues on the next page...
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LLWU_PEH1 field descriptions (continued)

Field Description
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection
3-2 Wakeup Pin Enable For LLWU_P1
WUPEH1
Enables and configures the edge detection for the wakeup pin.
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection
1-0 Wakeup Pin Enable For LLWU_PO
WUPEO

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

15.3.2 LLWU Pin Enable 2 register (LLWU_PE?2)

LLWU_PE2 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P7-LLWU_P4.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_CO000h base + 1h offset = 4007_C001h

Bit 7 6 5 4 3 2 1 0
Read
Write WUPE7 WUPE6 WUPES5 WUPE4
Reset 0 0 0 0 0 0 0 0
LLWU_PE2 field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P7
WUPE7

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection

Table continues on the next page...
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LLWU_PE2 field descriptions (continued)

Field

Description

10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

5-4
WUPE6

Wakeup Pin Enable For LLWU_P6
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3-2
WUPE5

Wakeup Pin Enable For LLWU_P5
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

1-0
WUPE4

Wakeup Pin Enable For LLWU_P4
Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

15.3.3 LLWU Pin Enable 3 register (LLWU_PE3)

LLWU_PES3 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P11-LLWU_PS.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_CO000h base + 2h offset = 4007_C002h

Bit
Read
Write

Reset

7 6 5 4 3 2 1 0

WUPE11 WUPE10 WUPE9 WUPES8
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LLWU_PES field descriptions

Field Description
7-6 Wakeup Pin Enable For LLWU_P11
WUPE11
Enables and configures the edge detection for the wakeup pin.
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection
54 Wakeup Pin Enable For LLWU_P10
WUPE10
Enables and configures the edge detection for the wakeup pin.
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection
3-2 Wakeup Pin Enable For LLWU_P9
WUPE9
Enables and configures the edge detection for the wakeup pin.
00 External input pin disabled as wakeup input
01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection
1-0 Wakeup Pin Enable For LLWU_P8
WUPES8

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

15.3.4 LLWU Pin Enable 4 register (LLWU_PE4)

LLWU_PE4 contains the field to enable and select the edge detect type for the external
wakeup input pins LLWU_P15-LLWU_P12.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.
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Address: 4007_C000h base + 3h offset = 4007_C003h

Bit 7 6 5 4 3 2 1 0
fead WUPE15 WUPE14 WUPE13 WUPE12
Reset 0 0 0 0 0 0 0 0

LLWU_PE4 field descriptions
Field Description
7-6 Wakeup Pin Enable For LLWU_P15
WUPE15

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

5-4 Wakeup Pin Enable For LLWU_P14
WUPE14

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

3-2 Wakeup Pin Enable For LLWU_P13
WUPE13

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

1-0 Wakeup Pin Enable For LLWU_P12
WUPE12

Enables and configures the edge detection for the wakeup pin.

00 External input pin disabled as wakeup input

01 External input pin enabled with rising edge detection
10 External input pin enabled with falling edge detection
11 External input pin enabled with any change detection

15.3.5 LLWU Module Enable register (LLWU_ME)

LLWU_ME contains the bits to enable the internal module flag as a wakeup input source
for inputs MWUF7-MWUEFO.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
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types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_CO000h base + 4h offset = 4007_C004h

Bit 7 6 5 4 3 2 1 0
afrﬁg WUME7 WUMES6 WUMES5 WUME4 WUME3 WUME2 WUMEH1 WUMEO
Reset 0 0 0 0 0 0 0 0

LLWU_ME field descriptions
Field Description
7 Wakeup Module Enable For Module 7
WUME7

Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

6 Wakeup Module Enable For Module 6

WUMES6
Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

5 Wakeup Module Enable For Module 5
WUME5
Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

4 Wakeup Module Enable For Module 4
WUME4
Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

3 Wakeup Module Enable For Module 3

WUMES
Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

2 Wakeup Module Enable For Module 2

WUME2
Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

1 Wakeup Module Enable for Module 1
WUMEH1
Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

Table continues on the next page...
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LLWU_ME field descriptions (continued)

Field

Description

WUMEO

Wakeup Module Enable For Module 0
Enables an internal module as a wakeup source input.

0 Internal module flag not used as wakeup source
1 Internal module flag used as wakeup source

15.3.6 LLWU Flag 1 register (LLWU_F1)

LLWU_F]1 contains the wakeup flags indicating which wakeup source caused the MCU
to exit LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt flow.
For VLLS, this is the source causing the MCU reset flow.

The external wakeup flags are read-only and clearing a flag is accomplished by a write of
a 1 to the corresponding WUFx bit. The wakeup flag (WUFX), if set, will remain set if
the associated WUPEX bit is cleared.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_CO000h base + 5h offset = 4007_C005h

Bit 7 6 5 4 3 2 1 0
Read WUF7 WUF6 WUF5 WUF4 WUF3 WUF2 WUF1 WUFO
Write wic wic wic wic wic wic wic wic
Reset 0 0 0 0 0 0 0 0

LLWU_F1 field descriptions
Field Description
7 Wakeup Flag For LLWU_P7
WUF7
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF7.
0 LLWU_P7 input was not a wakeup source
1 LLWU_P7 input was a wakeup source
6 Wakeup Flag For LLWU_P6
WUF6
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF®6.

Table continues on the next page...
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LLWU_F1 field descriptions (continued)

Field Description

0 LLWU_PS6 input was not a wakeup source
1  LLWU_P®6 input was a wakeup source

5 Wakeup Flag For LLWU_P5
WUF5

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF5.

0 LLWU_PS5 input was not a wakeup source
1 LLWU_PS5 input was a wakeup source

4 Wakeup Flag For LLWU_P4
WUF4

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF4.

0 LLWU_P4 input was not a wakeup source
1 LLWU_P4 input was a wakeup source

3 Wakeup Flag For LLWU_P3
WUF3

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF3.

0 LLWU_PS input was not a wakeup source
1 LLWU_PS3 input was a wakeup source

2 Wakeup Flag For LLWU_P2
WUF2

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF2.

0 LLWU_P2 input was not a wakeup source
1 LLWU_P2 input was a wakeup source

1 Wakeup Flag For LLWU_P1
WUF1

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF1.

0 LLWU_P1 input was not a wakeup source
1 LLWU_P1 input was a wakeup source

0 Wakeup Flag For LLWU_PO
WUFO

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUFO.

0 LLWU_PO input was not a wakeup source
1 LLWU_PO input was a wakeup source
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15.3.7 LLWU Flag 2 register (LLWU_F2)

LLWU_F?2 contains the wakeup flags indicating which wakeup source caused the MCU
to exit LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt flow.
For VLLS, this is the source causing the MCU reset flow.

The external wakeup flags are read-only and clearing a flag is accomplished by a write of
a 1 to the corresponding WUFx bit. The wakeup flag (WUFx), if set, will remain set if
the associated WUPEX bit is cleared.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 6h offset = 4007_C006h

Bit 7 6 5 4 3 2 1 0
Read | WUF15 WUF14 WUF13 WUF12 WUF11 WUF10 WUF9 WUF8
Write wic wic wic wic wic wic wic wic
Reset 0 0 0 0 0 0 0 0

LLWU_F2 field descriptions
Field Description
7 Wakeup Flag For LLWU_P15
WUF15
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF15.
0 LLWU_P15 input was not a wakeup source
1  LLWU_P15 input was a wakeup source
6 Wakeup Flag For LLWU_P14
WUF14
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF14.
0 LLWU_P14 input was not a wakeup source
1 LLWU_P14 input was a wakeup source
5 Wakeup Flag For LLWU_P13
WUF13
Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF13.
0 LLWU_P13 input was not a wakeup source
1 LLWU_P13 input was a wakeup source

Table continues on the next page...
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LLWU_F2 field descriptions (continued)

Field Description

4 Wakeup Flag For LLWU_P12
WUF12

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF12.

0 LLWU_P12 input was not a wakeup source
1 LLWU_P12 input was a wakeup source

3 Wakeup Flag For LLWU_P11
WUF11

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF11.

0 LLWU_P11 input was not a wakeup source
1 LLWU_P11 input was a wakeup source

2 Wakeup Flag For LLWU_P10
WUF10

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF10.

0 LLWU_P10 input was not a wakeup source
1 LLWU_P10 input was a wakeup source

1 Wakeup Flag For LLWU_P9
WUF9

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUF9.

0 LLWU_P9 input was not a wakeup source
1 LLWU_P9 input was a wakeup source

0 Wakeup Flag For LLWU_P8
WUF8

Indicates that an enabled external wakeup pin was a source of exiting a low-leakage power mode. To
clear the flag write a one to WUFS8.

0 LLWU_PS8 input was not a wakeup source
1 LLWU_P8 input was a wakeup source

15.3.8 LLWU Flag 3 register (LLWU_F3)

LLWU_F3 contains the wakeup flags indicating which internal wakeup source caused the
MCU to exit LLS or VLLS mode. For LLS, this is the source causing the CPU interrupt
flow. For VLLS, this is the source causing the MCU reset flow.

For internal peripherals that are capable of running in a low-leakage power mode, such as
iRTC or CMP modules, the flag from the associated peripheral is accessible as the
MWUFx bit. The flag will need to be cleared in the peripheral instead of writing a 1 to
the MWUFx bit.
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NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_CO000h base + 7h offset = 4007_C007h

Bit 7 6 5 4 | 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0
LLWU_F3 field descriptions
Field Description
7 Wakeup flag For module 7
MWUF7

Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 7 input was not a wakeup source
1 Module 7 input was a wakeup source

6 Wakeup flag For module 6
MWUF6
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 6 input was not a wakeup source
1 Module 6 input was a wakeup source

5 Wakeup flag For module 5
MWUF5
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 5 input was not a wakeup source
1 Module 5 input was a wakeup source

4 Wakeup flag For module 4
MWUF4
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 4 input was not a wakeup source
1 Module 4 input was a wakeup source

3 Wakeup flag For module 3
MWUF3
Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 3 input was not a wakeup source
1 Module 3 input was a wakeup source

2 Wakeup flag For module 2
MWUF2

Table continues on the next page...
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LLWU_F3 field descriptions (continued)

Field

Description

Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 2 input was not a wakeup source
1 Module 2 input was a wakeup source

MWUF1

Wakeup flag For module 1

Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 1 input was not a wakeup source
1 Module 1 input was a wakeup source

MWUFO

Wakeup flag For module 0

Indicates that an enabled internal peripheral was a source of exiting a low-leakage power mode. To clear
the flag, follow the internal peripheral flag clearing mechanism.

0 Module 0 input was not a wakeup source
1 Module 0 input was a wakeup source

15.3.9 LLWU Pin Filter 1 register (LLWU_FILT1)

LLWU_FILTI1 is a control and status register that is used to enable/disable the digital
filter 1 features for an external pin.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 8h offset = 4007_C008h

Bit 7 6 5 4 | 3 2 1 0
Read FILTF
FILTE FILTSEL
Write wic
Reset 0 0 0 0 0 0 0 0
LLWU_FILT1 field descriptions
Field Description
7 Filter Detect Flag
FILTF
Indicates that the filtered external wakeup pin, selected by FILTSEL, was a source of exiting a low-leakage
power mode. To clear the flag write a one to FILTF.

Table continues on the next page...
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LLWU_FILT1 field descriptions (continued)

Field Description
0 Pin Filter 1 was not a wakeup source
1 Pin Filter 1 was a wakeup source

6-5 Digital Filter On External Pin
FILTE

Controls the digital filter options for the external pin detect.

00 Filter disabled

01 Filter posedge detect enabled
10 Filter negedge detect enabled
11 Filter any edge detect enabled

4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-0 Filter Pin Select
FILTSEL

Selects 1 out of the 16 wakeup pins to be muxed into the filter.

0000 Select LLWU_PO for filter

1111 Select LLWU_P15 for filter

15.3.10 LLWU Pin Filter 2 register (LLWU_FILT2)

LLWU_FILT?2 is a control and status register that is used to enable/disable the digital
filter 2 features for an external pin.

NOTE
This register is reset on Chip Reset not VLLS and by reset
types that trigger Chip Reset not VLLS. It is unaffected by reset
types that do not trigger Chip Reset not VLLS. See the
Introduction details for more information.

Address: 4007_C000h base + 9h offset = 4007_C009h

Bit 7 6 5 4 | 3 2 1 0
Read FILTF 0
FILTE FILTSEL
Write wic
Reset 0 0 0 0 0 0 0 0
LLWU_FILT2 field descriptions
Field Description
7 Filter Detect Flag
FILTF
Indicates that the filtered external wakeup pin, selected by FILTSEL, was a source of exiting a low-leakage
power mode. To clear the flag write a one to FILTF.

Table continues on the next page...

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc. 261




Functional description
LLWU_FILT2 field descriptions (continued)

Field Description
0 Pin Filter 2 was not a wakeup source
1 Pin Filter 2 was a wakeup source

6-5 Digital Filter On External Pin
FILTE

Controls the digital filter options for the external pin detect.

00 Filter disabled

01 Filter posedge detect enabled
10 Filter negedge detect enabled
11 Filter any edge detect enabled

4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-0 Filter Pin Select
FILTSEL

Selects 1 out of the 16 wakeup pins to be muxed into the filter.

0000 Select LLWU_PO for filter

1111 Select LLWU_P15 for filter

15.4 Functional description

This on-chip peripheral module is called a low-leakage wakeup unit (LLWU) module
because it allows internal peripherals and external input pins as a source of wakeup from
low-leakage modes. It is operational only in LLS and VLLSx modes.

The LLWU module contains pin enables for each external pin and internal module. For
each external pin, the user can disable or select the edge type for the wakeup. Type
options are:

 Falling-edge
* Rising-edge
 Either-edge

When an external pin is enabled as a wakeup source, the pin must be configured as an
input pin.

The LLWU implements optional 3-cycle glitch filters, based on the LPO clock. A
detected external pin is required to remain asserted until the enabled glitch filter times
out. Additional latency of up to 2 cycles is due to synchronization, which results in a total
of up to 5 cycles of delay before the detect circuit alerts the system to the wakeup or reset
event when the filter function is enabled. Two wakeup detect filters are available to
detect up to two external pins. Glitch filtering is not provided on the internal modules.
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For internal module wakeup operation, the WUMEX bit enables the associated module as
a wakeup source.

15.4.1 LLS mode

Wakeup events triggered from either an external pin input or an internal module input
result in a CPU interrupt flow to begin user code execution.

15.4.2 VLLS modes

In the case of a wakeup due to external pin or internal module wakeup, recovery is
always via a reset flow and the RCM_SRS[WAKEUP] is set indicating the low-leakage
mode was active. State retention data is lost and I/O will be restored after
PMC_REGSC[ACKISO] has been written.

15.4.3 Initialization

For an enabled peripheral wakeup input, the peripheral flag must be cleared by software
before entering LLS or VLLSx mode to avoid an immediate exit from the mode.

Flags associated with external input pins, filtered and unfiltered, must also be cleared by
software prior to entry to LLS or VLLSx mode.

After enabling an external pin filter or changing the source pin, wait at least 5 LPO clock
cycles before entering LLS or VLLSx mode to allow the filter to initialize.

NOTE

After recovering from a VLLS mode, user must restore chip
configuration before clearing ACKISO. In particular, pin
configuration for enabled LLWU wakeup pins must be restored
to avoid any LLWU flag from being falsely set when ACKISO
is cleared.

The signal selected as a wakeup source pin must be a digital
pin, as selected in the pin mux control.
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Chapter 16
Reset Control Module (RCM)

16.1 Introduction

This chapter describes the registers of the Reset Control Module (RCM). The RCM
implements many of the reset functions for the chip. See the chip's reset chapter for more
information.

16.2 Reset memory map and register descriptions

The Reset Control Module (RCM) registers provide reset status information and reset
filter control.

NOTE
The RCM registers can be written only in supervisor mode.
Write accesses in user mode are blocked and will result in a bus

error.
RCM memory map

Absolute . .
address Register name (ivr\rhgittr;) Access | Reset value Sec;tlc;n/

(hex) pag
4007_F000 |System Reset Status Register 0 (RCM_SRS0) 8 R 82h 16.2.1/265
4007_F001 |System Reset Status Register 1 (RCM_SRS1) 8 R 00h 16.2.2/267
4007_F004 |Reset Pin Filter Control register (RCM_RPFC) 8 R/W 00h 16.2.3/268
4007_F005 |Reset Pin Filter Width register (RCM_RPFW) 8 R/W 00h 16.2.4/269

16.2.1 System Reset Status Register 0 (RCM_SRSO0)

This register includes read-only status flags to indicate the source of the most recent
reset. The reset state of these bits depends on what caused the MCU to reset.
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NOTE
The reset value of this register depends on the reset source:

* POR (including LVD) — 0x82
LVD (without POR) — 0x02
VLLS mode wakeup due to RESET pin assertion — 0x41
VLLS mode wakeup due to other wakeup sources — 0x01
Other reset — a bit is set if its corresponding reset source
caused the reset

Address: 4007_F000h base + Oh offset = 4007_F000h

Bit 7 6 5 4 | 3 2 1 0
Read POR PIN WDOG 0 LOL LOC LVD WAKEUP
Write
Reset 1 0 0 0 0 0 1 0

RCM_SRSO field descriptions
Field Description
7 Power-On Reset
POR

Indicates a reset has been caused by the power-on detection logic. Because the internal supply voltage
was ramping up at the time, the low-voltage reset (LVD) status bit is also set to indicate that the reset
occurred while the internal supply was below the LVD threshold.

0 Reset not caused by POR
1 Reset caused by POR

6 External Reset Pin
PIN

Indicates a reset has been caused by an active-low level on the external RESET pin.

0 Reset not caused by external reset pin
1 Reset caused by external reset pin

5 Watchdog
WDOG

Indicates a reset has been caused by the watchdog timer Computer Operating Properly (COP) timing out.
This reset source can be blocked by disabling the COP watchdog: write 00 to the SIM's COPC[COPT]
field.

0 Reset not caused by watchdog timeout
1 Reset caused by watchdog timeout

4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 Loss-of-Lock Reset
LOL

Indicates a reset has been caused by a loss of lock in the MCG PLL. See the MCG description for
information on the loss-of-clock event.

0 Reset not caused by a loss of lock in the PLL
1 Reset caused by a loss of lock in the PLL

Table continues on the next page...
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RCM_SRSO field descriptions (continued)

Field Description

2 Loss-of-Clock Reset
LOC

Indicates a reset has been caused by a loss of external clock. The MCG clock monitor must be enabled
for a loss of clock to be detected. Refer to the detailed MCG description for information on enabling the
clock monitor.

0 Reset not caused by a loss of external clock.
1 Reset caused by a loss of external clock.

1 Low-Voltage Detect Reset

LVD
If the LVDRE bit is set and the supply drops below the LVD trip voltage, an LVD reset occurs. This bit is

also set by POR.
0 Reset not caused by LVD trip or POR

1 Reset caused by LVD trip or POR

0 Low Leakage Wakeup Reset
WAKEUP

Indicates a reset has been caused by an enabled LLWU module wakeup source while the chip was in a
low leakage mode. In LLS mode, the RESET pin is the only wakeup source that can cause this reset. Any
enabled wakeup source in a VLLSx mode causes a reset. This bit is cleared by any reset except
WAKEUP.

0 Reset not caused by LLWU module wakeup source
1 Reset caused by LLWU module wakeup source

16.2.2 System Reset Status Register 1 (RCM_SRS1)

This register includes read-only status flags to indicate the source of the most recent
reset. The reset state of these bits depends on what caused the MCU to reset.

NOTE
The reset value of this register depends on the reset source:
* POR (including LVD) — 0x00
e LVD (without POR) — 0x00
* VLLS mode wakeup — 0x00
» Other reset — a bit is set if its corresponding reset source
caused the reset

Address: 4007_F000h base + 1h offset = 4007_F001h

Bit 7 6 5 4 | 3 2 1
Read 0 0 SACKERR 0 MDM_AP SW LOCKUP 0

Write
Reset 0 0 0 0 0 0 0 0
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RCM_SRSH1 field descriptions

Field Description
7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5 Stop Mode Acknowledge Error Reset
SACKERR

Indicates that after an attempt to enter Stop mode, a reset has been caused by a failure of one or more
peripherals to acknowledge within approximately one second to enter stop mode.

0 Reset not caused by peripheral failure to acknowledge attempt to enter stop mode
1 Reset caused by peripheral failure to acknowledge attempt to enter stop mode

4 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
3 MDM-AP System Reset Request

MDM_AP

Indicates a reset has been caused by the host debugger system setting of the System Reset Request bit
in the MDM-AP Control Register.

0 Reset not caused by host debugger system setting of the System Reset Request bit
1 Reset caused by host debugger system setting of the System Reset Request bit

2 Software

Indicates a reset has been caused by software setting of SYSRESETREQ bit in Application Interrupt and
Reset Control Register in the ARM core.

0 Reset not caused by software setting of SYSRESETREQ bit
1 Reset caused by software setting of SYSRESETREQ bit

1 Core Lockup
LOCKUP

Indicates a reset has been caused by the ARM core indication of a LOCKUP event.

0 Reset not caused by core LOCKUP event
1 Reset caused by core LOCKUP event

0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

16.2.3 Reset Pin Filter Control register (RCM_RPFC)

NOTE
The reset values of bits 2-0 are for Chip POR only. They are
unaffected by other reset types.

NOTE

The bus clock filter is reset when disabled or when entering
stop mode. The LPO filter is reset when disabled .
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Address: 4007_F000h base + 4h offset = 4007_F004h

Bit 7 6 5 4 | 3 2 1 0

Read RSTFLTSS RSTFLTSRW

Write

Reset 0 0 0 0 0 0 0 0

RCM_RPFC field descriptions
Field Description
7-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Reset Pin Filter Select in Stop Mode
RSTFLTSS

Selects how the reset pin filter is enabled in Stop and VLPS modes , and also during LLS and VLLS
modes. On exit from VLLS mode, this bit should be reconfigured before clearing ACKISO in the PMC.
0 Allfiltering disabled
1 LPO clock filter enabled

1-0 Reset Pin Filter Select in Run and Wait Modes

RSTFLTSRW

Selects how the reset pin filter is enabled in run and wait modes.
00 Allfiltering disabled
01 Bus clock filter enabled for normal operation
10 LPO clock filter enabled for normal operation
11 Reserved

16.2.4 Reset Pin Filter Width register (RCM_RPFW)

NOTE
The reset values of the bits in the RSTFLTSEL field are for
Chip POR only. They are unaffected by other reset types.

Address: 4007_F000h base + 5h offset = 4007_F005h

Bit 7 6 5 4 | 3 2 1 0
Read 0 RSTFLTSEL
Write
Reset 0 0 0 o | o 0 0 0
RCM_RPFW field descriptions

Field Description
7-5 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
4-0 Reset Pin Filter Bus Clock Select

RSTFLTSEL

Selects the reset pin bus clock filter width.

Table continues on the next page...
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RCM_RPFW field descriptions (continued)

Field Description
00000 Bus clock filter count is 1
00001 Bus clock filter count is 2
00010 Bus clock filter count is 3
00011  Bus clock filter count is 4
00100 Bus clock filter count is 5
00101 Bus clock filter count is 6
00110 Bus clock filter count is 7
00111 Bus clock filter count is 8
01000 Bus clock filter count is 9
01001 Bus clock filter count is 10
01010 Bus clock filter count is 11
01011 Bus clock filter count is 12
01100 Bus clock filter count is 13
01101 Bus clock filter count is 14
01110 Bus clock filter count is 15
01111  Bus clock filter count is 16
10000 Bus clock filter count is 17
10001 Bus clock filter count is 18
10010 Bus clock filter count is 19
10011 Bus clock filter count is 20
10100 Bus clock filter count is 21
10101 Bus clock filter count is 22
10110 Bus clock filter count is 23
10111 Bus clock filter count is 24
11000 Bus clock filter count is 25
11001 Bus clock filter count is 26
11010 Bus clock filter count is 27
11011 Bus clock filter count is 28
11100 Bus clock filter count is 29
11101 Bus clock filter count is 30
11110 Bus clock filter count is 31
11111 Bus clock filter count is 32
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Chapter 17
Bit Manipulation Engine (BME)

17.1 Introduction

The Bit Manipulation Engine (BME) provides hardware support for atomic read-modify-
write memory operations to the peripheral address space in Cortex-MO0O+ based
microcontrollers. This architectural capability is also known as "decorated storage" as it
defines a mechanism for providing additional semantics for load and store operations to
memory-mapped peripherals beyond just the reading and writing of data values to the
addressed memory locations. In the BME definition, the "decoration", that is, the
additional semantic information, is encoded into the peripheral address used to reference
the memory.

By combining the basic load and store instructions of the Cortex-M instruction set
architecture (v6M, v7M) with the concept of decorated storage provided by the BME, the
resulting implementation provides a robust and efficient read-modify-write capability to
this class of ultra low-end microcontrollers. The resulting architectural capability defined
by this core platform function is targeted at the manipulation of n-bit fields in peripheral
registers and is consistent with I/O hardware addressing in the Embedded C standard. For
most BME commands, a single core read or write bus cycle is converted into an atomic
read-modify-write, that is, an indivisible "read followed by a write" bus sequence.

BME decorated references are only available on system bus transactions generated by the
processor core and targeted at the standard 512 KB peripheral address space based at
0x4000_0000". The decoration semantic is embedded into address bits[28:19], creating a
448 MB space at addresses 0x4400_0000 - OxSFFF_FFFF; these bits are stripped out of
the actual address sent to the peripheral bus controller and used by the BME to define and
control its operation.

1. To be perfectly accurate, the peripheral address space occupies a 516 KB region: 512 KB based at 0x4000_0000 plus a 4
KB space based at 0x400F_F000 for GPIO accesses. This organization provides compatibility with the Kinetis K Family.
Attempted accesses to the memory space located between 0x4008_0000 - 0x400E_FFFF are error terminated due to an
illegal address.
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17.1.1 Overview

The following figure is a generic block diagram of the processor core and platform for
this class of ultra low-end microcontrollers.

Cortex-M0+ Core

Dbg Fetch CMO+ Core Platform
AGU Dec I Rn ]
nvie Losst | [SHFTL | muL
ALU |
AHB Bus 10 Port | MTB Port
32
—>
PRAM | > Ay
i ™ RGPIO -1 »
J T
mo0 s1
AX.BS Slave
-Lite 32 Pperipherals
Alt-Master (M3 s2<§——pBME~¢>»PBRIDGE = |
Xz
DMA_4ch{¢t—Ppm2 s0 1
32
FMC | > Anay

Note: BME can be accessed only by the core.

Figure 17-1. Generic Cortex-M0+ core platform block diagram

As shown in the block diagram, the BME module interfaces to a crossbar switch AHB
slave port as its primary input and sources an AHB bus output to the Peripheral Bridge
(PBRIDGE) controller. The BME hardware microarchitecture is a 2-stage pipeline design
matching the protocol of the AMBA-AHB system bus interfaces. The PBRIDGE module
converts the AHB system bus protocol into the IPS/APB protocol used by the attached
slave peripherals.

17.1.2 Features

The key features of the BME include:
* Lightweight implementation of decorated storage for peripheral address space
* Additional access semantics encoded into the reference address
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» Resides between a crossbar switch slave port and a peripheral bridge bus controller
* 2-stage pipeline design matching the AHB system bus protocol
* Combinationally passes non-decorated accesses to peripheral bridge bus controller
* Conversion of decorated loads and stores from processor core into atomic read-
modify-writes
* Decorated loads support unsigned bit field extracts, load-and-{set,clear}-1bit
operations
* Decorated stores support bit field inserts, logical AND, OR and XOR operations
* Support for byte, halfword and word-sized decorated operations
e Supports minimum signal toggling on AHB output bus to reduce power dissipation

17.1.3 Modes of Operation

The BME module does not support any special modes of operation. As a memory-
mapped device located on a crossbar slave AHB system bus port, BME responds based
strictly on memory addresses for accesses to the connected peripheral bridge bus
controller.

All functionality associated with the BME module resides in the core platform's clock
domain; this includes its connections with the crossbar slave port and the PBRIDGE bus
controller.

17.2 External Signal Description

The BME module does not directly support any external interfaces.

The internal interfaces include two standard AHB buses with 32-bit datapath widths: the
primary input from the appropriate crossbar slave port (mx_h<signal>) and the primary
output to the PBRIDGE bus controller (sx_h<signal>).

Note the signal directions are defined by the BME's view and are labeled based on the
dominant direction. Accordingly, the mx_h<signal> AHB bus is the primary input, even
though there are certain data phase signals (mx_h{rdata, ready, resp}) which are outputs
from BME. Likewise, the sx_h<signal> AHB bus is the primary output even though there
are specific data phase signals (sx_h{rdata, ready, resp}) which are inputs to BME.
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17.3 Memory Map and Register Definition

The BME module provides a memory-mapped capability and does not include any
programming model registers. The exact set of functions supported by the BME are
detailed in the Functional Description.

The peripheral address space occupies a 516 KB region: 512 KB based at 0x4000_0000
plus a 4 KB space based at 0x400F_FO000 for GPIO accesses; the decorated address space
1s mapped to the 448 MB region located at 0x4400_0000 - Ox5SFFF_FFFF.

17.4 Functional Description
This section details the specific functions supported by the BME.

Recall the combination of the basic load and store instructions of the Cortex-M
instruction set architecture (v6M, v7M) plus the concept of decorated storage provided by
the BME, the resulting implementation provides a robust and efficient read-modify-write
capability to this class of ultra low-end microcontrollers. The resulting architectural
capability defined by this core platform function is targeted at the manipulation of n-bit
fields in peripheral registers and is consistent with I/O hardware addressing in the
Embedded C standard. For most BME commands, a single core read or write bus cycle is
converted into an atomic read-modify-write, that is, an indivisible "read followed by a
write" bus sequence.

Consider decorated store operations first, then decorated loads.

17.4.1 BME Decorated Stores

The functions supported by the BME's decorated stores include three logical operators
(AND, OR, XOR) plus a bit field insert. For all these operations, BME converts a single
decorated AHB store transaction into a 2-cycle atomic read-modify-write sequence,
where the combined read-modify operation is performed in the first AHB data phase, and
then the write is performed in the second AHB data phase.

A generic timing diagram of a decorated store showing a bit field insert operation is
shown as follows:
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CYCLE RULER X X+1 X+2 X+3
hclk /—\—/—\—/—\—/—\—

BME AHB Input Bus

mx_haddr 5..v_wxyz next

mx_hattr next

mx_hwrite next

mx_hwdata wdata

mx_hrdata

mx_hready

BME AHB Output Bus
sx_haddr 400v_wxyz 400v_wxyz next

sx_hattr next

sx_hwrite next

sx_hwdata wdata bfi rdata

sx_hrdata rdata

sx_hready
BME States + Datapath

control_state_dp1

control_state_dp2

reg_addr_data_dp 5..v_wxyz wdata bfi rdata

Figure 17-2. Decorated store: bit field insert timing diagram

All the decorated store operations follow the same execution template shown in the figure
above, a 2-cycle read-modify-write operation:

* Cycle x, 1st AHB address phase: Write from input bus (mx_h<signal>) is translated
into a read operation on the output bus (sx_h<signal>) using the actual memory
address (with the decoration removed) and then captured in a register
(reg_addr_data_dp)

* Cycle x+1, 2nd AHB address phase: Write access with the registered (but actual)
memory address is output (sx_h<signal>)

* Cycle x+1, 1st AHB data phase: Memory read data (sx_hrdata) is modified using the
input bus write data (mx_hwdata) and the function defined by the decoration and
captured in a data register (reg_addr_data_dp); the input bus cycle is stalled
(mx_hready = 0)

* Cycle x+2, 2nd AHB data phase: Registered write data is sourced onto the output
write data bus (sx_hwdata)
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Functional Description
NOTE
Any wait states inserted by the peripheral slave device
(sx_hready = 0) are simply passed through the BME back to the
master input bus, stalling the AHB transaction cycle for cycle.

17.4.1.1 Decorated Store Logical AND (AND)

This command performs an atomic read-modify-write of the referenced memory location.
First, the location is read; it is then modified by performing a logical AND operation
using the write data operand sourced for the system bus cycle; finally, the result of the
AND operation is written back into the referenced memory location.

The data size is specified by the write operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit). The core performs the required write data lane replication on byte and
halfword transfers.

31 30 29 28|27 26 25 24|23 22 21 20 19181716‘151413 12’11 10 9 8’7 6 5 4’3 2 1 0
icandb| 0|1 |0 |0 |O |1 |-|-|-|-|-]|- mem_addr
icandh|{ 0| 1|0 |0 |O |1 |-|-|-|-|-]|- mem_addr 0
iocandw| O |1]0]OfO[1][-[-[-[-]-]- mem_addr (o]0
| | | |

Figure 17-3. Decorated store address: logical AND

where addr[28:26] = 001 specifies the AND operation, and mem_addr[19:0] specifies the
address offset into the peripheral space based at 0x4000_0000. The "-" indicates an
address bit "don't care".

The decorated AND write operation is defined in the following pseudo-code as:

ioand<sz> (accessAddress, wdata) // decorated store AND
tmp = mem[accessAddress & OxEOOFFFFF, size] // memory read

tmp = tmp & wdata // modify

mem [accessAddress & OxEOOFFFFF, size]l = tmp // memory write

where the operand size <sz> is defined as b(yte, 8-bit), h(alfword, 16-bit) and w(ord, 32-
bit). This notation is used throughout the document.

In the cycle definition tables, the notation AHB_ap and AHB_dp refers to the address and
data phases of the BME AHB transaction. The cycle-by-cycle BME operations are
detailed in the following table.
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Table 17-1. Cycle definitions of decorated store: logical AND

Pipeline Stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>

Decode decoration; Convert | attr to memory as slave_wt
master_wt to slave_rd;
Capture address, attributes

BME AHB_dp <previous> Perform memory read; Form | Perform write sending
(rdata & wdata) and capture |registered data to memory
destination data in register

17.4.1.2 Decorated Store Logical OR (OR)

This command performs an atomic read-modify-write of the referenced memory location.
First, the location is read; it is then modified by performing a logical OR operation using
the write data operand sourced for the system bus cycle; finally, the result of the OR
operation is written back into the referenced memory location.

The data size is specified by the write operation and can be byte (8 bit), halfword (16 bit)
or word (32 bit). The core performs the required write data lane replication on byte and
halfword transfers.

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
ioorb| 0|1 (0|0 |1 (O] -|-|-|-|-]-+ mem_addr
ioorh(O 1|00 (1 (O -|-|-|-|-]- mem_addr 0
ioorw| O 1]o]o1]o]-]-1-1-1-1- mem_addr EIE
| | |

Figure 17-4. Decorated Address Store: Logical OR

where addr[28:26] = 010 specifies the OR operation, and mem_addr[19:0] specifies the
address offset into the peripheral space based at 0x4000_0000. The "-" indicates an
address bit "don't care".

The decorated OR write operation is defined in the following pseudo-code as:

ioor<sz> (accessAddress, wdata) // decorated store OR
tmp = mem[accessAddress & OxXEOOFFFFF, size]l // memory read

tmp = tmp | wdata // modify

mem [accessAddress & OxXEOOFFFFF, size] = tmp // memory write

The cycle-by-cycle BME operations are detailed in the following table
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Table 17-2. Cycle definitions of decorated store: logical OR

Pipeline Stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>

Decode decoration; Convert | attr to memory as slave_wt
master_wt to slave_rd;
Capture address, attributes

BME AHB_dp <previous> Perform memory read; Form | Perform write sending
(rdata | wdata) and capture registered data to memory
destination data in register

17.4.1.3 Decorated Store: Logical XOR (XOR)

This command performs an atomic read-modify-write of the referenced memory location.
First, the location is read; it is then modified by performing a logical XOR (exclusive-
OR) operation using the write data operand sourced for the system bus cycle; finally, the
result of the XOR operation is written back into the referenced memory location.

The data size is specified by the write operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit). The core performs the required write data lane replication on byte and
halfword transfers.

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

ioxorb| O |1 |O(O |1 |1 ]|-|-|-|-]"-]- mem_addr
ioxorh|O |1 |00 |1 |1 ]|-|-|-|-]"-]- mem_addr 0
ioxorw| O 1 ]olo[1[1][-|-]-|-]-]- mem_addr \o 0

Figure 17-5. Decorated Address Store: Logical XOR

where addr[28:26] = 011 specifies the XOR operation, and mem_addr[19:0] specifies the
address offset into the peripheral space based at 0x4000_0000. The "-" indicates an
address bit "don't care".

The decorated XOR write operation is defined in the following pseudo-code as:

ioxor<sz> (accessAddress, wdata) // decorated store XOR
tmp = mem[accessAddress & OxXEOOFFFFF, size]l // memory read

tmp = tmp * wdata // modify

mem [accessAddress & OxXEOOFFFFF, size] = tmp // memory write

The cycle-by-cycle BME operations are detailed in the following table.
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Table 17-3. Cycle definitions of decorated store: logical XOR

Pipeline Stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>

Decode decoration; Convert | attr to memory as slave_wt
master_wt to slave_rd;
Capture address, attributes

BME AHB_dp <previous> Perform memory read; Form | Perform write sending
(rdata ~ wdata) and capture registered data to memory
destination data in register

17.4.1.4 Decorated Store Bit Field Insert (BFI)

This command inserts a bit field contained in the write data operand, defined by LSB
position (b) and the bit field width (w+1), into the memory "container" defined by the
access size associated with the store instruction using an atomic read-modify-write
sequence.

The data size is specified by the write operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit). Note for the word sized operation, the maximum bit field width is 16
bits. The core performs the required write data lane replication on byte and halfword
transfers.

The BFI operation can be used to insert a single bit into a peripheral. For this case, the w
field is simply set to 0, indicating a bit field width of 1.

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

iobfib| 0|1 (0|1 |-|-|b|b|b|-|{w|lw|w mem_addr
iobfih| 0|1 |0 |1|-|b|b|b|bjw|w|w]|w mem_addr 0
iobfiw| 0|1 (0|1 |b|b|b|b|bjwiw|w]|w mem_addr ‘O 0

| | | |

Figure 17-6. Decorated address store: bit field insert

where addr[28] = 1 signals a BFI operation, addr[27:23] is "b", the LSB identifier,
addr[22:19] is "w", the bit field width minus 1 identifier, and addr[18:0] specifies the
address offset into the peripheral space based at 0x4000_0000. The "-" indicates an
address bit "don't care". Note, unlike the other decorated store operations, BFI uses
addr[19] as the least significant bit in the "w" specifier and not as an address bit.

The decorated BFI write operation is defined in the following pseudo-code as:

iobfi<sz> (accessAddress, wdata) // decorated bit field insert

mem [accessAddress & OxEQO07FFFF, sizel // memory read
((1 << (w+1)) - 1) << b // generate bit mask

tmp
mask
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tmp = tmp & ~mask // modify
| wdata & mask
mem [accessAddress & O0xEOO7FFFF, size] = tmp // memory write

The write data operand (wdata) associated with the store instruction contains the bit field
to be inserted. It must be properly aligned within a right-justified container, that is, within
the lower 8 bits for a byte operation, the lower 16 bits for a halfword or the entire 32 bits
for a word operation.

To illustrate, consider the following example of the insertion of the 3-bit field "xyz" into
an 8-bit memory container, initially set to "abcd_efgh". For all cases, w is 2, signaling a
bit field width of 3.

if b = 0 and the decorated store (strb) Rt register[7:0] = ----_-xyz,
then destination is "abcd exyz"

if b = 1 and the decorated store (strb) Rt register([7:0] = ---- xyz-,
then destination is "abcd_ xyzh"

if b = 2 and the decorated store (strb) Rt register([7:0] = ---x yz--,

then destination is "abcx_ yzgh"

if b = 3 and the decorated store (strb) Rt register([7:0] = --xy z---,
then destination is "abxy zfgh"

if b = 4 and the decorated store (strb) Rt register([7:0] = -xyz ----,
then destination is "axyz efgh"

if b = 5 and the decorated store (strb) Rt register([7:0] = xyz- ----,
then destination is "xyzd efgh"

if b = 6 and the decorated store (strb) Rt register([7:0] = yz-- ----,
then destination is "yzcd efgh"

if b = 7 and the decorated store (strb) Rt register[7:0] = z--- ---- ,

then destination is "zbcd_ efgh"

Note from the example, when the starting bit position plus the field width exceeds the
container size, only part of the source bit field is inserted into the destination memory
location. Stated differently, if (b + w+1) > container_width, only the low-order
"container_width - b" bits are actually inserted.

The cycle-by-cycle BME operations are detailed in the following table.

Table 17-4. Cycle definitions of decorated store: bit field insert

Pipeline Stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>

Decode decoration; Convert | attr to memory as slave_wt
master_wt to slave_rd;
Capture address, attributes

BME AHB_dp <previous> Perform memory read; Form | Perform write sending

bit mask; Form bitwise registered data to memory
((mask) ? wdata : rdata)) and
capture destination data in
register
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17.4.2 BME Decorated Loads

The functions supported by the BME's decorated loads include two single-bit load-and-
{set, clear} operators plus unsigned bit field extracts. For the two load-and-{set, clear}
operations, BME converts a single decorated AHB load transaction into a 2-cycle atomic
read-modify-write sequence, where the combined read-modify operations are performed
in the first AHB data phase, and then the write is performed in the second AHB data
phase as the original read data is returned to the processor core. For an unsigned bit field
extract, the decorated load transaction is stalled for one cycle in the BME as the data field
1s extracted, then aligned and returned to the processor in the 2nd AHB data phase. This
1s the only decorated transaction that is not an atomic read-modify-write, as it is a simple
data read.

A generic timing diagram of a decorated load showing a load-and-set 1-bit operation is
shown as follows.

CYCLE RULER X X+1 X+2 X+3
hclk

BME AHB Input Bus
mx_haddr 4c.V_wxyz next

mx_hattr next

mx_hwrite next

mx_hwdata
mx_hrdata ¢ A orig_Tbit
mx_hready

BME AHB Output Bus
sx_haddr 400v_wxyz 400v_wxyz next

sx_hattr next

sx_hwrite next
sx_hwdata rdata + 1bit

sx_hrdata rdata

sx_hready
BME States + Datapath

control_state_dp1

control_state_dp2
reg_addr_data_dp 4c.v_wxyz rdata + 1bit

Figure 17-7. Decorated load: load-and-set 1-bit field insert timing diagram

Decorated load-and-{set, clear} 1-bit operations follow the execution template shown in
the above figure: a 2-cycle read-modify-write operation:
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* Cycle x, 1st AHB address phase: Read from input bus is translated into a read
operation on the output bus with the actual memory address (with the decoration
removed) and then captured in a register
* Cycle x+1, 2nd AHB address phase: Write access with the registered (but actual)
memory address is output
* Cycle x+1, 1st AHB data phase: The "original" 1-bit memory read data is captured in
a register, while the 1-bit field is set or clear based on the function defined by the
decoration with the modified data captured in a register; the input bus cycle is stalled
* Cycle x+2, 2nd AHB data phase: The selected original 1-bit is right justified, zero
filled and then driven onto the input read data bus, while the registered write data is
sourced onto the output write data bus

NOTE
Any wait states inserted by the peripheral slave device
(sx_hready = 0) are simply passed through the BME back to the
master input bus, stalling the AHB transaction cycle for cycle.

A generic timing diagram of a decorated load showing an unsigned bit field operation is
shown in the following figure.
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CYCLE RULER
hclk

BME AHB Input Bus
mx_haddr 5..v_wxyz next

-
\]
w
N

mx_hattr next

mx_hwrite next

mx_hwdata

mx_hrdata L4 ubfx

mx_hready

BME AHB Output Bus
sx_haddr 400v_wxyz next

sx_hattr next

sx_hwrite next

sx_hwdata

sx_hrdata rdata

sx_hready
BME States + Datapath

control_state_dp1

control_state_dp2
reg_addr_data_dp 5..v_wxyz rdata

Figure 17-8. Decorated load: unsigned bit field insert timing diagram

The decorated unsigned bit field extract follows the same execution template shown in
the above figure, a 2-cycle read operation:

* Cycle x, 1st AHB address phase: Read from input bus is translated into a read
operation on the output bus with the actual memory address (with the decoration
removed) and then captured in a register

e Cycle x+1, 2nd AHB address phase: Idle cycle

* Cycle x+1, 1st AHB data phase: A bit mask is generated based on the starting bit
position and the field width; the mask is AND'ed with the memory read data to
isolate the bit field; the resulting data is captured in a data register; the input bus
cycle is stalled

* Cycle x+2, 2nd AHB data phase: Registered data is logically right shifted for proper
alignment and driven onto the input read data bus

NOTE
Any wait states inserted by the peripheral slave device
(sx_hready = 0) are simply passed through the BME back to the
master input bus, stalling the AHB transaction cycle for cycle.
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17.4.2.1 Decorated Load Load-and-Clear 1 Bit (LAC1)

This command loads a 1-bit field defined by the LSB position (b) into the core's general
purpose destination register (Rt) and zeroes the bit in the memory space after performing
an atomic read-modify-write sequence.

The extracted one bit data field from the memory address is right justified and zero filled
in the operand returned to the core.

The data size is specified by the read operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit).

19 18 17 16’15 14 13 12‘11 10 9 8‘7 6 5 4’3 2 1.0

31 30 29 28|27 26 25 24|23 22 21 20
iolacib|0|1][0|0|1|O0|-|-|b|b|b]- mem_addr
iolacih{0|1|0|0|1|{O0O|-|b|b|b|b]- mem_addr 0
iolaciw|0|1|0|0o[1]0o|b|b|[b|[b|b]- mem_addr [o]o

| | | |

Figure 17-9. Decorated load address: load-and-clear 1 bit

where addr[28:26] = 010 specifies the load-and-clear 1 bit operation, addr[25:21] is "b",
the bit identifier, and mem_addr[19:0] specifies the address offset into the peripheral
space based at 0x4000_0000. The "-" indicates an address bit "don't care".

The decorated Load-and-Clear 1 Bit read operation is defined in the following pseudo-
code as:

rdata = iolacl<sz>(accessAddress) // decorated load-and-clear 1
tmp = mem[accessAddress & OXEOOFFFFF, size] // memory read

mask = 1 << b // generate bit mask

rdata = (tmp & mask) >> b // read data returned to core
tmp = tmp & ~mask // modify

tmp // memory write

mem[accessAddress & OXEOOFFFFF, size] =

The cycle-by-cycle BME operations are detailed in the following table.

Table 17-5. Cycle definitions of decorated load: load-and-clear 1 bit

Pipeline Stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>
Decode decoration; Capture |attr to memory as slave_wt
address, attributes
BME AHB_dp <previous> Perform memory read; Form |Return extracted bit to master;
bit mask; Extract bit from Perform write sending
rdata; Form (rdata & ~mask) |registered data to memory
and capture destination data
in register

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

284

Freescale Semiconductor, Inc.




4
Chapter 17 Bit Manipulation Engine (BME)

17.4.2.2 Decorated Load: Load-and-Set 1 Bit (LAS1)

This command loads a 1-bit field defined by the LSB position (b) into the core's general
purpose destination register (Rt) and sets the bit in the memory space after performing an
atomic read-modify-write sequence.

The extracted one bit data field from the memory address is right justified and zero filled
in the operand returned to the core.

The data size is specified by the read operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit).

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

iolaslb|O0 |1 (0|0 |1|1|-]|-|b|b|b]- mem_addr
iolasih|0|1|(0|O0|1|1|-|b|b|b|b]- mem_addr 0
iolasiw|O0|1|0o]o|[1[1|b|b|b|D]|D]- mem_addr |o 0

Figure 17-10. Decorated load address: load-and-set 1 bit

where addr[28:26] = 011 specifies the load-and-set 1 bit operation, addr[25:21] is "b", the
bit identifier, and mem_addr[19:0] specifies the address offset into the peripheral space
based at 0x4000_0000. The "-" indicates an address bit "don't care".

The decorated Load-and-Set 1 Bit read operation is defined in the following pseudo-code
as:

rdata = iolasl<sz>(accessAddress) // decorated load-and-set 1
tmp = mem[accessAddress & OxXEOOFFFFF, size] // memory read

mask = 1 << Db // generate bit mask

rdata = (tmp & mask) >> b // read data returned to core
tmp = tmp | mask // modify

mem[accessAddress & O0XEOOFFFFF, size] = tmp // memory write

The cycle-by-cycle BME operations are detailed in the following table.

Table 17-6. Cycle definitions of decorated load: load-and-set 1-bit

Pipeline Stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Recirculate captured addr + <next>

Decode decoration; Capture |attr to memory as slave_wt
address, attributes

BME AHB_dp <previous> Perform memory read; Form |Return extracted bit to master;
bit mask; Extract bit from Perform write sending
rdata; Form (rdata | mask) registered data to memory
and capture destination data
in register
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17.4.2.3 Decorated Load Unsigned Bit Field Extract (UBFX)

This command extracts a bit field defined by LSB position (b) and the bit field width (w
+1) from the memory "container" defined by the access size associated with the load
instruction using a 2-cycle read sequence.

The extracted bit field from the memory address is right justified and zero filled in the
operand returned to the core. Recall this is the only decorated operation that does not
perform a memory write, that is, UBFX only performs a read.

The data size is specified by the write operation and can be byte (8-bit), halfword (16-bit)
or word (32-bit). Note for the word sized operation, the maximum bit field width is 16
bits.

The use of a UBFX operation is recommended to extract a single bit from a peripheral.
For this case, the w field is simply set to 0, indicating a bit field width of 1.

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
ioubfxb| 0| 1[0 |1 |- |-|b|b|b|-|wlw|w mem_addr
ioubfxh|{ 0| 1[0 |1 |- |b|b|b|bjw|w|w|w mem_addr 0
ioubfxw| O | 1[0 |1 |b|b|b|b|bjw|w|w|w mem_addr ‘O 0
| | | |

Figure 17-11. Decorated load address: unsigned bit field extract

where addr[28] = 1 specifies the unsigned bit field extract operation, addr[27:23] is "b",
the LSB identifier, addr[22:19] 1s "w", the bit field width minus 1 identifier, and
mem_addr[18:0] specifies the address offset into the peripheral space based at
0x4000_0000. The "-" indicates an address bit "don't care". Note, unlike the other
decorated load operations, UBFX uses addr[19] as the least significant bit in the "w"
specifier and not as an address bit.

The decorated unsigned bit field extract read operation is defined in the following
pseudo-code as:

rdata = 1oubfx<sz>(accessAddress) // unsigned bit field extract
tmp = mem[accessAddress & OxEO07FFFF, size]l // memory read

mask = ((1 << (w+l1l)) - 1) << b // generate bit mask

rdata = (tmp & mask) >> b // read data returned to core

Like the BFI operation, when the starting bit position plus the field width exceeds the
container size, only part of the source bit field is extracted from the destination memory
location. Stated differently, if (b + w+1) > container_width, only the low-order
"container_width - b" bits are actually extracted. The cycle-by-cycle BME operations are
detailed in the following table.
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Table 17-7. Cycle definitions of decorated load: unsigned bit field extract

Pipeline Stage Cycle
X x+1 X+2
BME AHB_ap Forward addr to memory; Idle AHB address phase <next>

Decode decoration; Capture
address, attributes

BME AHB_dp <previous> Perform memory read; Form |Logically right shift registered
bit mask; Form (rdata & mask) | data; Return justified rdata to
and capture destination data |master

in register

17.4.3 Additional Details on Decorated Addresses and GPIO
Accesses

As previously noted, the peripheral address space occupies a 516 KB region: 512 KB
based at 0x4000_0000 plus a 4 KB space based at 0x400F_F000 for GPIO accesses. This
memory layout provides compatibility with the Kinetis K Family and provides 129
address "slots", each 4 KB 1n size.

The GPIO address space is multiply-mapped by the hardware: it appears at the "standard"
system address 0x400F_F000 and is physically located in the address slot corresponding
to address 0x4000_F000. Decorated loads and stores create a slight complication
involving accesses to the GPIO. Recall the use of address[19] varies by decorated
operation; for AND, OR, XOR, LAC1 and LASI, this bit functions as a true address bit,
while for BFI and UBFX, this bit defines the least significant bit of the "w" bit field
specifier.

As a result, undecorated GPIO references and decorated AND, OR, XOR, LAC1 and
LASI1 operations can use the standard 0x400F_FO000 base address, while decorated BFI
and UBFX operations must use the alternate 0x4000_F000 base address. Another
implementation can simply use 0x400F_F000 as the base address for all undecorated
GPIO accesses and 0x4000_FO000 as the base address for all decorated accesses. Both
implementations are supported by the hardware.

Table 17-8. Decorated peripheral and GPIO address details

Peripheral address space Description
0x4000_0000 - 0x4007_FFFF |Undecorated (normal) peripheral accesses
0x4008_0000 - Ox400F_EFFF |lllegal addresses; attempted references are aborted and error terminated
0x400F_F000 - 0x400F_FFFF |Undecorated (normal) GPIO accesses using standard address
0x4010_0000 - 0x43FF_FFFF |lllegal addresses; attempted references are aborted and error terminated

Table continues on the next page...
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Table 17-8. Decorated peripheral and GPIO address details (continued)

Peripheral address space Description

0x4400_0000 - 0x4FFF_FFFF |Decorated AND, OR, XOR, LAC1, LAS1 references to peripherals and GPIO based at
either 0x4000_F000 or 0x400F_FO000

0x5000_0000 - Ox5FFF_FFFF |Decorated BFI, UBFX references to peripherals and GPIO only based at 0x4000_F000

17.5 Application Information

In this section, GNU assembler macros with C expression operands are presented as
examples of the required instructions to perform decorated operations. This section
specifically presents a partial bme.h file defining the assembly language expressions for
decorated logical stores: AND, OR and XOR. Comparable functions for BFI and the
decorated loads are more complex and available in the complete BME header file.

These macros use the same function names presented in Functional Description.

#define IOANDW (ADDR, WDATA) \
__asm("ldr r3, =(l<<26);" \
"orr r3, %$[addr];" \
"mov r2, %$[wdata];" \
"str r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOANDH (ADDR, WDATA) \
__asm("ldr r3, =(1l<<26);" \
"orr r3, %[addr];" \
"mov r2, %$[wdata];" \
"strh r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOANDB (ADDR, WDATA) \
__asm("ldr r3, =(1<<26);" \
"orr r3, %$[addr];" \
"mov r2, %[wdata]l;" \
"strb r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOORW (ADDR,WDATA) \
__asm("ldr r3, =(1<<27);" \
"orr r3, %$[addr];" \
"mov r2, %$[wdata]l;" \
"str r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOORH (ADDR, WDATA) \
__asm("ldr r3, =(1<<27);" \
"orr r3, %$[addr];" \
"mov r2, %$[wdata]l;" \
"strh r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOORB (ADDR, WDATA) \
__asm("ldr r3, =(1<<27);" \
"orr r3, %[addr];" \
"mov r2, %$[wdata];" \
"strb r2, [r3];" \
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[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOXORW (ADDR, WDATA) \
__asm("ldr r3, =(3<<26);" \
"orr r3, %[addr];" \
"mov r2, %[wdata];" \
"str r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOXORH (ADDR, WDATA) \
__asm("ldr r3, =(3<<26);" \
"orr r3, %[addr];" \
"mov r2, %[wdata];" \
"strh r2, [r3];" \

[addr] "r" (ADDR), [wdata] "r" (WDATA) : "r2", "r3");
#define IOXORB (ADDR, WDATA) \
__asm("ldr r3, =(3<<26);" \
"orr r3, $%$[addr];" \
"mov r2, %[wdata];" \
"strb r2, [r3];" \

[addr] "r" (ADDR), [wdata] "xr" (WDATA) : "r2", "xr3");
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Chapter 18
Miscellaneous Control Module (MCM)

18.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

The Miscellaneous Control Module (MCM) provides a myriad of miscellaneous control
functions.

18.1.1 Features
The MCM includes the following features:

* Program-visible information on the platform configuration
* Crossbar master arbitration policy selection
* Flash controller speculation buffer and cache configurations

18.2 Memory map/register descriptions

The memory map and register descriptions below describe the registers using byte
addresses.

MCM memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
Crossbar Switch (AXBS) Slave Configuration
F000_3008 (MCM_PLASC) 16 R 0007h 18.2.1/292

Table continues on the next page...
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MCM memory map (continued)

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
Crossbar Switch (AXBS) Master Configuration

FO00_300A (MCM_PLAMC) 16 R 000Dh 18.2.2/293
F000_300C |Platform Control Register (MCM_PLACR) 32 R/W 0000_0000h | 18.2.3/293
F000_3040 |Compute Operation Control Register (MCM_CPO) 32 R/W 0000_0000h | 18.2.4/296

18.2.1 Crossbar Switch (AXBS) Slave Configuration (MCM_PLASC)

PLASC is a 16-bit read-only register identifying the presence/absence of bus slave
connections to the device’s crossbar switch.

Address: FO00_3000h base + 8h offset = FO00_3008h

Bit 15

14 13 12 11 10 9 8 7 6 5

Read
Write

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1
MCM_PLASC field descriptions
Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-0 Each bit in the ASC field indicates whether there is a corresponding connection to the crossbar switch's
ASC slave input port.
0 A bus slave connection to AXBS input port n is absent
1 A bus slave connection to AXBS input port n is present
KL25 Sub-Family Reference Manual, Rev. 3, September 2012
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18.2.2 Crossbar Switch (AXBS) Master Configuration (MCM_PLAMC)

PLAMC is a 16-bit read-only register identifying the presence/absence of bus master
connections to the device's crossbar switch.

Address: FO00_3000h base + Ah offset = FO00_300Ah

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Read
Write
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1
MCM_PLAMC field descriptions
Field Description
15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-0 Each bit in the AMC field indicates whether there is a corresponding connection to the AXBS master input
AMC port.
0 A bus master connection to AXBS input port n is absent
1 A bus master connection to AXBS input port n is present

18.2.3 Platform Control Register (MCM_PLACR)

The PLACR register selects the arbitration policy for the crossbar masters and configures
the flash memory controller.

The speculation buffer and cache in the flash memory controller is configurable via
MCM_PLACR[15:10].

The speculation buffer is enabled only for instructions after reset. It is possible to have
these states for the speculation buffer:

DFCS EFDS Description

0 0 Speculation buffer is on for instruction
and off for data.

0 1 Speculation buffer is on for instruction
and on for data.

1 X Speculation buffer is off.
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The cache in flash controller is enabled and caching both instruction and data type fetches
after reset. It is possible to have these states for the cache:

DFCC DFCIC DFCDA Description
0 0 0 Cache is on for both
instruction and data.
0 0 1 Cache is on for instruction
and off for data.
0 1 0 Cache is off for instruction
and on for data.
0 1 1 Cache is off for both
instruction and data.
1 X X Cache is off.
Address: FO00_3000h base + Ch offset = FO00_300Ch
Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 0

ESFC

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 9 8 | 7 6 5 4 3 2 1 0
R 0
%) QO ®) g
Q |EFDS| Q@ o [$) ARB
LL
[G]
w e
(@]
Reset 0 0 0 0 0 0
MCM_PLACR field descriptions
Field Description
31-17 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
16 Enable Stalling Flash Controller
ESFC

This field is used to enable stalling flash controller when flash is busy.

0 Disable stalling flash controller when flash is busy.
1 Enable stalling flash controller when flash is busy.

Table continues on the next page...
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MCM_PLACR field descriptions (continued)

Field Description
15 Disable Flash Controller Speculation
DFCS
This field is used to disable flash controller speculation.
0 Enable flash controller speculation.
1 Disable flash controller speculation.
14 Enable Flash Data Speculation
EFDS
This field is used to enable flash data speculation.
0 Disable flash data speculation.
1 Enable flash data speculation.
13 Disable Flash Controller Cache
DFCC
This field is used to disable flash controller cache.
0 Enable flash controller cache.
1 Disable flash controller cache.
12 Disable Flash Controller Instruction Caching
DFCIC
This field is used to disable flash controller instruction caching.
0 Enable flash controller instruction caching.
1 Disable flash controller instruction caching.
11 Disable Flash Controller Data Caching
DFCDA
This field is used to disable flash controller data caching.
0 Enable flash controller data caching
1 Disable flash controller data caching.
10 Clear Flash Controller Cache
CFCC
Writing a 1 to this field clears the cache. Writing a 0 to this field is ignored. This field always reads as 0.
9 Arbitration select
ARB
0 Fixed-priority arbitration for the crossbar masters
1 Round-robin arbitration for the crossbar masters
8-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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18.2.4 Compute Operation Control Register (MCM_CPO)
This register controls the Compute Operation.

Address: FO00_3000h base + 40h offset = FO00_3040h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bt 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0
N2
(@]
R 0 g
o (@] w
CE) o
2 2
(@] (@]

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MCM_CPO field descriptions

Field Description
31-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2 Compute Operation wakeup on interrupt
CPOWOI
0 No effect.
1 When set, the CPOREQ is cleared on any interrupt or exception vector fetch.
1 Compute Operation acknowledge
CPOACK

0 Compute operation entry has not completed or compute operation exit has completed.
1 Compute operation entry has completed or compute operation exit has not completed.

0 Compute Operation request
CPOREQ

This bit is auto-cleared by vector fetching if CPOWOI = 1.

Table continues on the next page...
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MCM_CPO field descriptions (continued)

Field

Description

0 Requestis cleared.
1 Request Compute Operation.
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Chapter 19
Micro Trace Buffer (MTB)

19.1 Introduction

Microcontrollers using the Cortex-MO+ processor core include support for a CoreSight
Micro Trace Buffer to provide program trace capabilities. The proper name for this
function is the CoreSight Micro Trace Buffer for the Cortex-M0+ Processor; in this
document, it is simply abbreviated as the MTB.

The simple program trace function creates instruction address change-of-flow data
packets in a user-defined region of the system RAM. Accordingly, the system RAM
controller manages requests from two sources:

» AMBA-AHB reads and writes from the system bus

* program trace packet writes from the processor

As part of the MTB functionality, there is a DWT (Data Watchpoint and Trace) module
that allows the user to define watchpoint addresses, or optionally, an address and data
value, that when triggered, can be used to start or stop the program trace recording.

This document details the functionality of both the MTB_RAM and MTB_DWT
capabilities.

19.1.1 Overview

A generic block diagram of the processor core and platform for this class of ultra low-end
microcontrollers is shown as follows:

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

Freescale Semiconductor, Inc. 299




Introduction

Cortex-M0+ Core
Dbg Fetch CMO+ Core Platform

AGU Dec | Rn ]

Losst | [SHFTL | muL
ALU

10 Port g MTB P—ort
32
|_> PRAM < p-| RAM

NVIC

AHB Bus

Array
‘ ™ RGPIO @} ——»
T
Slave
32 Pperipherals
Alt-Master 2 <—p»BME<¢» PBRIDGE & |
DMA_4ch AXBS ° 1
32
FMC |« > Anay

Figure 19-1. Generic Cortex-M0+ core platform block diagram

As shown in the block diagram, the platform RAM (PRAM) controller connects to two
input buses:

* the crossbar slave port for system bus accesses

* a "private execution MTB port" from the core

The logical paths from the crossbar master input ports to the PRAM controller are
highlighted along with the private execution trace port from the processor core. The
private MTB port signals the instruction address information needed for the 64-bit
program trace packets written into the system RAM. The PRAM controller output
interfaces to the attached RAM array. In this document, the PRAM controller is the
MTB_RAM controller.

The following information is taken from the ARM CoreSight Micro Trace Buffer
documentation.

"The execution trace packet consists of a pair of 32-bit words that the MTB generates
when it detects the processor PC value changes non-sequentially. A non-sequential PC
change can occur during branch instructions or during exception entry.

The processor can cause a trace packet to be generated for any instruction.
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The following figure shows how the execution trace information is stored in memory as a
sequence of packets.

o

A 31 1
Nth destination address
Nth source address

Odd word address
Even word address

>\

Incrementing
SRAM memory :
address 31 : i 0
2nd destination address | S |<— Startbit
2nd source address A
1st destination address S | Odd word address
......... 1st source address A | Even word address

Atom bit —T

Figure 19-2. MTB execution trace storage format

The first, lower addressed, word contains the source of the branch, the address it
branched from. The value stored only records bits[31:1] of the source address, because
Thumb instructions are at least halfword aligned. The least significant bit of the value is
the A-bit. The A-bit indicates the atomic state of the processor at the time of the branch,
and can differentiate whether the branch originated from an instruction in a program, an
exception, or a PC update in Debug state. When it is zero the branch originated from an
instruction, when it is one the branch originated from an exception or PC update in
Debug state. This word is always stored at an even word location.

The second, higher addressed word contains the destination of the branch, the address it
branched to. The value stored only records bits[31:1] of the branch address. The least
significant bit of the value is the S-bit. The S-bit indicates where the trace started. An S-
bit value of 1 indicates where the first packet after the trace started and a value of O is
used for other packets. Because it is possible to start and stop tracing multiple times in a
trace session, the memory might contain several packets with the S-bit set to 1. This word
is always stored in the next higher word in memory, an odd word address.

When the A-bit is set to 1, the source address field contains the architecturally-preferred
return address for the exception. For example, if an exception was caused by an SVC
instruction, then the source address field contains the address of the following instruction.
This is different from the case where the A-bit is set to 0. In this case, the source address
contains the address of the branch instruction.

For an exception return operation, two packets are generated:
* The first packet has the:
* Source address field set to the address of the instruction that causes the exception
return, BX or POP.
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e Destination address field set to bits[31:1] of the EXC_RETURN value. See the
ARM v6-M Architecture Reference Manual.
e The A-bit set to O.

* The second packet has the:
* Source address field set to bits[31:1] of the EXC_RETURN value.
e Destination address field set to the address of the instruction where execution
commences.
e A-bitsetto 1."

Given the recorded change-of-flow trace packets in system RAM and the memory image
of the application, a debugger can read out the data and create an instruction-by-
instruction program trace. In keeping with the low area and power implementation cost
design targets, the MTB trace format is less efficient than other CoreSight trace modules,
for example, the ETM (Embedded Trace Macrocell). Since each branch packet is 8 bytes
in size, a 1 KB block of system RAM can contain 128 branches. Using the Dhrystone 2.1
benchmark's dynamic runtime as an example, this corresponds to about 875 instructions
per KB of trace RAM, or with a zero wait state memory, this corresponds to
approximately 1600 processor cycles per KB. This metric is obviously very sensitive to
the runtime characteristics of the user code.

The MTB_DWT function (not shown in the core platform block diagram) monitors the
processor address and data buses so that configurable watchpoints can be detected to
trigger the appropriate response in the MTB recording.

19.1.2 Features

The key features of the MTB_RAM and MTB_DWT include:

* Memory controller for system RAM and Micro Trace Buffer for program trace
packets

» Read/write capabilities for system RAM accesses, write-only for program trace
packets

* Supports zero wait state response to system bus accesses when no trace data is being
written

 Can buffer two AHB address phases and one data write for system RAM accesses

* Supports 64-bit program trace packets including source and destination instruction
addresses

e Program trace information in RAM available to MCU's application code or external
debugger

* Program trace watchpoint configuration accessible by MCU's application code or
debugger

* Location and size of RAM trace buffer is configured by software
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* Two DWT comparators (addresses or address + data) provide programmable start/
stop recording
» CoreSight compliant debug functionality

19.1.3 Modes of Operation

The MTB_RAM and MTB_DWT functions do not support any special modes of
operation. The MTB_RAM controller, as a memory-mapped device located on the
platform's slave AHB system bus, responds based strictly on memory addresses for
accesses to its attached RAM array. The MTB private execution bus provides program
trace packet write information to the RAM controller. Both the MTB_RAM and
MTB_DWT modules are memory-mapped so their programming models can be
accessed.

All functionality associated with the MTB_RAM and MTB_DWT modules resides in the
core platform's clock domain; this includes its connections with the RAM array.

19.2 External Signal Description

The MTB_RAM and MTB_DWT modules do not directly support any external
interfaces.

The internal interfaces includes a standard AHB bus with a 32-bit datapath width from
the appropriate crossbar slave port plus the private execution trace bus from the processor
core. The signals in the private execution trace bus are detailed in the following table
taken from the ARM CoreSight Micro Trace Buffer documentation. The signal direction
is defined as viewed by the MTB_RAM controller.

Table 19-1. Private execution trace port from the core to MTB_RAM

Signal Direction Description
LOCKUP Input Indicates the processor is in the Lockup state. This signal is driven LOW for cycles
when the processor is executing normally and driven HIGH for every cycle the
processor is waiting in the Lockup state. This signal is valid on every cycle.
IAESEQ Input Indicates the next instruction address in execute, IAEX, is sequential, that is non-
branching.
IAEXEN Input IAEX register enable.
IAEX[30:0] Input Registered address of the instruction in the execution stage, shifted right by one
bit, that is, PC >> 1.
ATOMIC Input Indicates the processor is performing non-instruction related activities.
EDBGRQ Output Request for the processor to enter the Debug state, if enabled, and halt.
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In addition, there are two signals formed by the MTB_DWT module and driven to the
MTB_RAM controller: TSTART (trace start) and TSTOP (trace stop). These signals can
be configured using the trace watchpoints to define programmable addresses and data
values to affect the program trace recording state.

19.3 Memory Map and Register Definition

The MTB_RAM and MTB_DWT modules each support a sparsely-populated 4 KB
address space for their programming models. For each address space, there are a variety
of control and configurable registers near the base address, followed by a large unused
address space and finally a set of CoreSight registers to support dynamic determination of
the debug configuration for the device.

Accesses to the programming model follow standard ARM conventions. Taken from the
ARM CoreSight Micro Trace Buffer documentation, these are:

* Do not attempt to access reserved or unused address locations. Attempting to access
these locations can result in UNPREDICTABLE behavior.

* The behavior of the MTB is UNPREDICTABLE if the registers with UNKNOWN
reset values are not programmed prior to enabling trace.
* Unless otherwise stated in the accompanying text:
* Do not modify reserved register bits
* Ignore reserved register bits on reads
» All register bits are reset to a logic 0 by a system or power-on reset

» Use only word size, 32-bit, transactions to access all registers

19.3.1 MTB_RAM Memory Map

MTB memory map

23(51‘:;‘;? Register name (i":i:it,:;) Access | Reset value S:‘:;n/
(hex)

FO00_0000 |MTB Position Register (MTB_POSITION) 32 R/W Undefined | 19.31.1/306
FO00_0004 |MTB Master Register (MTB_MASTER) 32 R/W | 0000_0080h | 19.31.2/307
FO00_0008 |MTB Flow Register (MTB_FLOW) 32 R/W Undefined | 19.31.3/309
FO000_000C |MTB Base Register (MTB_BASE) 32 R Undefined | 19.31.4/310
FO00_OFO00 |Integration Mode Control Register (MTB_MODECTRL) 32 R 0000_0000h | 19.31.5/310
FOO0_OFAO |Claim TAG Set Register (MTB_TAGSET) 32 R 0000_0000h | 19.31.6/311
FOO0_OFA4 |Claim TAG Clear Register (MTB_TAGCLEAR) 32 R 0000_0000h | 19.31.7/311
FOO0_OFBO |Lock Access Register (MTB_LOCKACCESS) 32 R 0000_0000h | 19.31.8/312

Table continues on the next page...
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MTB memory map (continued)

Absolute

address Register name W 'd.t h Access | Reset value Section/

(in bits) page

(hex)
FO00_OFB4 |Lock Status Register (MTB_LOCKSTAT) 32 R 0000_0000h | 19.31.9/312

FOO00_OFB8 |Authentication Status Register (MTB_AUTHSTAT) 32 R 0000_0000h 19'3 11 ; o
. . . 19.31.11/

FO00_OFBC |Device Architecture Register (MTB_DEVICEARCH) 32 R 4770_0AS31h 314
. ) . . 19.31.12/

FO00_OFC8 |Device Configuration Register (MTB_DEVICECFG) 32 R 0000_0000h 314
. . . 19.31.18/

FO00_OFCC |Device Type Identifier Register (MTB_DEVICETYPID) 32 R 0000_0031h 315
. . . 19.31.14/

FOO0_OFDO |Peripheral ID Register (MTB_PERIPHID4) 32 R See section 315
. . . 19.31.14/

FO00_OFD4 |Peripheral ID Register (MTB_PERIPHID5) 32 R See section 315
. . . 19.31.14/

FO00_OFD8 |Peripheral ID Register (MTB_PERIPHID6) 32 R See section 315
. . . 19.31.14/

FOO0_OFDC |Peripheral ID Register (MTB_PERIPHID7) 32 R See section 315
. . . 19.31.14/

FOOO_OFEOQ |Peripheral ID Register (MTB_PERIPHIDO) 32 R See section 315
. . . 19.31.14/

FOOO_OFE4 |Peripheral ID Register (MTB_PERIPHID1) 32 R See section 315
. . . 19.31.14/

FOOO_OFES8 |Peripheral ID Register (MTB_PERIPHID2) 32 R See section 315
. . . 19.31.14/

FOOO_OFEC |Peripheral ID Register (MTB_PERIPHID3) 32 R See section 315
. . 19.31.15/

FOO0_OFF0 |Component ID Register (MTB_COMPIDO) 32 R See section 316
. . 19.31.15/

FO00_OFF4 |Component ID Register (MTB_COMPID1) 32 R See section 316
. . 19.31.15/

FOO00_OFF8 |Component ID Register (MTB_COMPID2) 32 R See section 316
. . 19.31.15/

FO00_OFFC |Component ID Register (MTB_COMPID3) 32 R See section 316
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19.31.1 MTB Position Register (MTB_POSITION)

The MTB_POSITION register is the trace write address pointer and wrap bit. This
register can be modified by the explicit programming model writes. It is also
automatically updated by the MTB hardware when trace packets are being recorded.

Address: FO00_0000h base + 0Oh offset = FO00_0000h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R
POINTER
w
Reset  x* x* x* x* x* x* X* X* | x* x* x* x* x* x* x* x*
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0
o
POINTER =
W =
Reset  x* x* xX* x* xX* x* x* x* x* x* x* x* x* x* 0 0
* Notes:

¢ x = Undefined at reset.

MTB_POSITION field descriptions

Field Description
31-3 Trace Packet Address Pointer
POINTER ] ] o
Trace packet address pointer. Because a packet consists of two words, the POINTER field is the address
of the first word of a packet. This field contains bits[31:3] of the RAM address that points to the next
unused memory location for the trace data. This is an empty ascending location and is automatically
updated.
A debug agent can add the value of POINTER to the value of MTB_BASE to obtain the absolute pointer
address as seen on the system AHB bus interface.
NOTE: The size of the RAM is parameterized and the most significant bits of the POINTER field are
RAZ/WI.
POSITION register bits greater than or equal to 15 are RAZ/WI, therefore, the active POINTER field bits
are [11:0].
2 This bit is set to 1 automatically when the POINTER value wraps as determined by the
WRAP MTB_MASTER[MASK] bit in the MASTER Trace Control Register. A debug agent can use the WRAP bit
to determine whether the trace information above and below the pointer address is valid.
1-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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19.31.2 MTB Master Register (MTB_MASTER)

The MTB_MASTER register contains the main program trace enable plus other trace
controls. This register can be modified by the explicit programming model writes.
MTB_MASTER[EN] and MTB_MASTER[HALTREQ] fields are also automatically
updated by the MTB hardware.

Before the MTB_MASTER[EN] or MTB_MASTER[TSTARTEN] bits are set to 1,
software must initialize the MTB_POSITION and MTB_FLOW registers.

If the MTB_FLOW[WATERMARK] field is used to stop tracing or to halt the processor,
the MTB_MASTER[MASK] field must still be set to a value that prevents the
MTB_POSITION[POINTER] field from wrapping before it reaches the
MTB_FLOW[WATERMARK] value.

NOTE
The format of this mask field is different than the
MTBDWT_MASKn[MASK].
Address: FO00_0000h base + 4h offset = FO00_0004h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

Reset 0 0 0 0 0 0

o
o
o
o
o
o
o
o
o
o

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 ¢] > P z z
u o T L =
E % |2 |0 |¢ MASK
w < < T 0 B
T i t - @
Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0

MTB_MASTER field descriptions

Field Description

31 Main trace enable bit

EN
When this bit is 1, trace data is written into the RAM memory location addressed by

MTB_POSITION[POINTER]. The MTB_POSITION[POINTER] value auto increments after the trace data
packet is written.

The EN bit can be automatically set to 0 using the MTB_FLOW[WATERMARK] field and the
MTB_FLOW[AUTOSTORP] bit.

The EN bit is automatically set to 1 if the TSTARTEN bit is 1 and the TSTART signal is HIGH.
The EN bit is automatically set to 0 if TSTOPEN bit is 1 and the TSTOP signal is HIGH.

Table continues on the next page...
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MTB_MASTER field descriptions (continued)

Field Description

NOTE: If the EN bit is set to 0 because the MTB_FLOW[WATERMARK] field is set, then it is not
automatically set to 1 if the TSTARTEN bit is 1 and the TSTART input is HIGH. In this case,
tracing can only be restarted if the MTB_FLOW[WATERMARK] or MTB_POSITION[POINTER]
value is changed by software.

30-10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 Halt request bit
HALTREQ

This bit is connected to the halt request signal of the trace logic, EDBGRQ. When HALTREQ is set to 1,
the EDBFGRAQ is asserted if DBGEN (invasive debug enable, one of the debug authentication interface
signals) is also HIGH. The HALTREQ bit can be automatically set to 1 using the
MTB_FLOW[WATERMARK] field.

8 RAM privilege bit
RAMPRIV

If this bit is 0, then user or privileged AHB read and write accesses to the RAM are permitted. If this bit is
1, then only privileged AHB read and write accesses to the RAM are permitted and user accesses are
RAZ/WI. The HPROTI[1] signal determines if an access is a user or privileged mode reference.

7 Special Function Register Write Privilege bit
SFRWPRIV
If this bit is 0, then user or privileged AHB read and write accesses to the MTB_RAM Special Function
Registers (programming model) are permitted. If this bit is 1, then only privileged write accesses are
permitted; user write accesses are ignored. The HPROT[1] signal determines if an access is user or
privileged. Note MTB_RAM SFR read access are not controlled by this bit and are always permitted.

6 Trace stop input enable
TSTOPEN
If this bit is 1 and the TSTOP signal is HIGH, then the EN bit is set to 0. If a trace packet is being written to
memory, the write is completed before tracing is stopped.

5 Trace start input enable
TSTARTEN
If this bit is 1 and the TSTART signal is HIGH, then the EN bit is set to 1. Tracing continues until a stop
condition occurs.

4-0 Mask
MASK

This value determines the maximum size of the trace buffer in RAM. It specifies the most-significant bit of
the MTB_POSITION[POINTER] field that can be updated by automatic increment. If the trace tries to
advance past this power of two, the MTB_POSITION[WRAP] bit is set to 1, the
MTB_POSITION[POINTER[MASK:0]] bits are set to zero, and the MTB_POSITION[POINTER[11:MASK
+1]] bits remain unchanged.

This field causes the trace packet information to be stored in a circular buffer of size 2\[MASK+4] bytes,
that can be positioned in memory at multiples of this size. Valid values of this field are zero to 11. Values
greater than the maximum have the same effect as the maximum.
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19.31.3 MTB Flow Register (MTB_FLOW)

The MTB_FLOW register contains the watermark address and the autostop/autohalt
control bits.

Address: FO00_0000h base + 8h offset = FO00_0008h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R
WATERMARK
w
Reset  x* X* X* X* X* X* X* X* | X* X* X X* X X* X X*
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0 5 %
< =
WATERMARK S 3
E =
w 2 o)
< <
Reset  x* X* X X* X* X* X* X X X* X* X* X* 0 X* X*
* Notes:

¢ x = Undefined at reset.

MTB_FLOW field descriptions

Field Description

31-3 WATERMARK value
WATERMARK

This field contains an address in the same format as the MTB_POSITION[POINTER] field. When the
MTB_POSITION[POINTER] matches the WATERMARK field value, actions defined by the AUTOHALT
and AUTOSTORP bits are performed.

2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 If this bit is 1 and WATERMARK is equal to MTB_POSITION[POINTER)], then the

AUTOHALT |MTB_MASTER[HALTREQ] bit is automatically set to 1. If the DBGEN signal is HIGH, the MTB asserts this
halt request to the Cortex-MO+ processor by asserting the EDBGRQ signal.

0 If this bit is 1 and WATERMARK is equal to MTB_POSITION[POINTER], then the MTB_MASTERIEN] bit
AUTOSTOP |is automatically set to 0. This stops tracing.
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19.31.4 MTB Base Register (MTB_BASE)

The read-only MTB_BASE Register indicates where the RAM is located in the processor
memory map. This register is provided to enable auto discovery of the MTB RAM
location, by a debug agent and is defined by a hardware design parameter. For these
devices, the base address is defined by the expression: MTB_BASE[BASEADDR] =

0x2000_0000 - (RAM_Size/4)

Address: FO00_0000h base + Ch offset = FO00_000Ch

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

R BASEADDR

Reset X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X*

* Notes:
e x = Undefined at reset.

MTB_BASE field descriptions

Field Description

31-0 This value is defined with a hardwired signal and the expression: 0x2000_0000 - (RAM_Size/4). For
BASEADDR |example, if the total RAM capacity is 16 KB, this field is 0x1FFF_F000.

19.31.5 Integration Mode Control Register (MTB_MODECTRL)

This register enables the device to switch from a functional mode, or default behavior,
into integration mode. It is hardwired to specific values used during the auto-discovery
process by an external debug agent.

Address: FO00_0000h base + FOOh offset = FO00_0OF00h

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

R MODECTRL

Reset 0 O 0 0O O O OO OO OOOOOTO|OOOOOOO OOOOOUOOTODUOTGO

MTB_MODECTRL field descriptions

Field Description

31-0 Hardwired to 0x0000_0000
MODECTRL
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19.31.6 Claim TAG Set Register (MTB_TAGSET)

The Claim Tag Set Register returns the number of bits that can be set on a read, and
enables individual bits to be set on a write. It is hardwired to specific values used during
the auto-discovery process by an external debug agent.

Address: FO00_0000h base + FAOh offset = FOO0_OFAOh

Bit31302928272625242322212019181716|1514131211109876543210

R TAGSET

Rest 0 O 0O 0 0O 0 0O OO OOOOUOUOO|0OOOOOOOOOOOOOOOGODDO

MTB_TAGSET field descriptions

Field Description

31-0 Hardwired to 0x0000_0000
TAGSET

19.31.7 Claim TAG Clear Register (MTB_TAGCLEAR)

The read/write Claim Tag Clear Register is used to read the claim status on debug
resources. A read indicates the claim tag status. Writing 1 to a specific bit clears the
corresponding claim tag to 0. It is hardwired to specific values used during the auto-
discovery process by an external debug agent.

Address: FO00_0000h base + FA4h offset = FOO0_0OFA4h

Bit31302928272625242322212019181716|1514131211109876543210

R TAGCLEAR

Reset 0 O 0 0O 0O 0O OOOO OOOOOT O|OOOO OGOOO OOOOOUOOOUOTGO

MTB_TAGCLEAR field descriptions

Field Description

31-0 Hardwired to 0x0000_0000
TAGCLEAR
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19.31.8 Lock Access Register (MTB_LOCKACCESS)

The Lock Access Register enables a write access to component registers. It is hardwired
to specific values used during the auto-discovery process by an external debug agent.

Address: FO00_0000h base + FBOh offset = FOO0_OFBOh

Bit31302928272625242322212019181716|1514131211109876543210

R LOCKACCESS

Reset 0 O 0 0O O O OO OOOOTOUOUOO|OOOOOOOOOOOOUOOOTUOTGO

MTB_LOCKACCESS field descriptions

Field Description

31-0 Hardwired to 0x0000_0000
LOCKACCESS

19.31.9 Lock Status Register (MTB_LOCKSTAT)

The Lock Status Register indicates the status of the lock control mechanism. This register
is used in conjunction with the Lock Access Register. It is hardwired to specific values
used during the auto-discovery process by an external debug agent.

Address: FO00_0000h base + FB4h offset = FOO0_OFB4h

Bit31302928272625242322212019181716|1514131211109876543210

R LOCKSTAT

Reset 0 O 0 0O 0O O OO OOOOOUOTUOO|OOOOOOOOOOOOUOOTODUOTGO

MTB_LOCKSTAT field descriptions

Field Description

31-0 Hardwired to 0x0000_0000
LOCKSTAT
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19.31.10 Authentication Status Register (MTB_AUTHSTAT)

The Authentication Status Register reports the required security level and current status
of the security enable bit pairs. Where functionality changes on a given security level,
this change must be reported in this register. It is connected to specific signals used
during the auto-discovery process by an external debug agent.

MTB_AUTHSTATI[3:2] indicates if nonsecure, noninvasive debug is enabled or
disabled, while MTB_AUTHSTAT]1:0] indicates the enabled/disabled state of

nonsecure, invasive debug. For both 2-bit fields, Ob10 indicates the functionality is
disabled and Ob11 indicates it is enabled.

Address: FO00_0000h base + FB8h offset = FOO0_OFB8h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

MTB_AUTHSTAT field descriptions

Field Description
314 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3 This read-only field is reserved and always has the value 1.
Reserved
2 Connected to NIDEN or DBGEN signal.
BIT2
1 This read-only field is reserved and always has the value 1.
Reserved
0 Connected to DBGEN.
BITO
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19.31.11 Device Architecture Register (MTB_DEVICEARCH)

This register indicates the device architecture. It is hardwired to specific values used
during the auto-discovery process by an external debug agent.

Address: FO00_0000h base + FBCh offset = FOO0_OFBCh

Bit31302928272625242322212019181716|1514131211109876543210

R DEVICEARCH

Reset 0 1 0 O O0O1 1t101110O0O0O00O0O0O0O1O01TO0O0OO0OT1TTI1TO0O0O 1

MTB_DEVICEARCH field descriptions

Field Description

31-0 Hardwired to 0x4770_0A31.
DEVICEARCH

19.31.12 Device Configuration Register (MTB_DEVICECFG)

This register indicates the device configuration. It is hardwired to specific values used
during the auto-discovery process by an external debug agent.

Address: FO00_0000h base + FC8h offset = FO00_0OFC8h

Bit31302928272625242322212019181716|1514131211109876543210

R DEVICECFG

Reset 0 O 0 0O O O OOOO OOOOTOT O|OOOO OGOOO OOOOOUOOQOUOTGO

MTB_DEVICECFG field descriptions

Field Description

31-0 Hardwired to 0x0000_0000.
DEVICECFG
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19.31.13 Device Type Identifier Register (MTB_DEVICETYPID)

This register indicates the device type ID. It is hardwired to specific values used during
the auto-discovery process by an external debug agent.

Address: FO00_0000h base + FCCh offset = FOO0_0FCCh

Bit31302928272625242322212019181716|1514131211109876543210

R DEVICETYPID

Reset 0 O 0O 0 0O 0O OOOOOOOOOOOOOOTOOOOOOT®TTI1®TOOT O 1

MTB_DEVICETYPID field descriptions

Field Description

31-0 Hardwired to 0x0000_0031.
DEVICETYPID

19.31.14 Peripheral ID Register (MTB_PERIPHIDnN)

These registers indicate the peripheral IDs. They are hardwired to specific values used
during the auto-discovery process by an external debug agent.

Address: FO00_0000h base + FDOh offset + (4d x i), where i=0d to 7d
Bit 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 PERIPHID

*

* * *

Reset X* x* Xx* x* X* X* x* x* X* x* x* x* x* X' x* xX*[x* x* x* x* x* x* x* x* x* x* x* x
* Notes:

» See field descriptions for the reset values.x = Undefined at reset.

MTB_PERIPHIDn field descriptions

Field Description

31-0 Peripheral ID4 is hardwired to 0x0000_0004; ID0 to 0x0000_0032; ID1 to 0x0000_00B9; ID2 to
PERIPHID 0x0000_000B; and all the others to 0x0000_0000.
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19.31.15 Component ID Register (MTB_COMPIDn)

These registers indicate the component IDs. They are hardwired to specific values used

during the auto-discovery process by an external debug agent.

Address: FO00_0000h base + FFOh offset + (4d x i), where i=0d to 3d
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8

COMPID

Reset X* X

* Notes:

* See field descriptions for the reset values.x = Undefined at reset.

MTB_COMPIDn field descriptions

Field

Description

31-0

COMPID

Component ID

0x0000_00B1.

Component IDO is hardwired to 0x0000_000D; ID1 to 0x0000_0090; ID2 to 0x0000_0005; ID3 to

19.3.2 MTB_DWT Memory Map

The MTB_DWT programming model supports a very simplified subset of the v7M debug
architecture and follows the standard ARM DWT definition.

MTBDWT memory map

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
FO00_1000 |MTB DWT Control Register (MTBDWT_CTRL) 32 R 2F00_0000h | 19.32.1/317
F000_1020 |MTB_DWT Comparator Register (MTBDWT_COMPO) 32 R/W | 0000_0000h | 19.32.2/318
FO000_1024 |MTB_DWT Comparator Mask Register (MTBDWT_MASKO) 32 R/W | 0000_0000h | 19.32.3/319
MTB_DWT Comparator Function Register 0
F000_1028 (MTBDWT_FCTO) 32 R/W | 0000_0000h | 19.32.4/320
FO00_1030 |MTB_DWT Comparator Register (MTBDWT_COMP1) 32 R/W | 0000_0000h | 19.32.2/318
F000_1034 |MTB_DWT Comparator Mask Register (MTBDWT_MASKT1) 32 R/W | 0000_0000h | 19.32.3/319
MTB_DWT Comparator Function Register 1
F000_1038 (MTBDWT_FCT1) 32 R/W | 0000_0000h | 19.32.5/322
MTB_DWT Trace Buffer Control Register
F000_1200 (MTBDWT TBCTRL) 32 R/W | 2000_0000h | 19.32.6/323
FO00_1FC8 |Device Configuration Register (MTBDWT_DEVICECFG) 32 R 0000_0000h | 19.32.7/325

Table continues on the next page...
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MTBDWT memory map (continued)

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
FO00_1FCC |Device Type |dentifier Register (MTBDWT_DEVICETYPID) 32 R 0000_0004h | 19.32.8/325
FOO0O_1FDO |Peripheral ID Register (MTBDWT_PERIPHIDA4) 32 R See section | 19.32.9/326
FO00_1FD4 |Peripheral ID Register (MTBDWT_PERIPHIDS5) 32 R See section | 19.32.9/326
FO00_1FD8 |Peripheral ID Register (MTBDWT_PERIPHID6) 32 R See section | 19.32.9/326
FOO00_1FDC |Peripheral ID Register (MTBDWT_PERIPHID7) 32 R See section | 19.32.9/326
FOOO_1FEO |Peripheral ID Register (MTBDWT_PERIPHIDO) 32 R See section | 19.32.9/326
FOOO_1FE4 |Peripheral ID Register (MTBDWT_PERIPHID1) 32 R See section | 19.32.9/326
FOOO_1FE8 |Peripheral ID Register (MTBDWT_PERIPHID2) 32 R See section | 19.32.9/326
FOOO_1FEC |Peripheral ID Register (MTBDWT_PERIPHID3) 32 R See section | 19.32.9/326
FOOO_1FFO0 |Component ID Register (MTBDWT_COMPIDO) 32 R See section 19'5’2261 o/
. . 19.32.10/
FOO00_1FF4 |Component ID Register (MTBDWT_COMPID1) 32 R See section 306
. . 19.32.10/
FO00_1FF8 |Component ID Register (MTBDWT_COMPID2) 32 R See section 306
. . 19.32.10/
FO00_1FFC |[Component ID Register (MTBDWT_COMPID3) 32 R See section 306
19.32.1 MTB DWT Control Register (MTBDWT_CTRL)

The MTBDWT_CTRL register provides read-only information on the watchpoint
configuration for the MTB_DWT.

Address: FO00_1000h base + 0Oh offset = FO00_1000h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8

R| NUMCMP

DWTCFGCTRL

Reset 0 O 1 01 1 11 00 O0O0OOOOUO|O0O O0OOOOOO OOOTOOOOOOTO
MTBDWT_CTRL field descriptions
Field Description
31-28 Number of comparators
NUMCMP

The MTB_DWT implements two comparators.

27-0 DWT configuration controls

DWTCFGCTRL )

This field is hardwired to 0xFO0_0000, disabling all the remaining DWT functionality. The specific fields
and their state are:
MTBDWT_CTRL[27] = NOTRCPKT = 1, trace sample and exception trace is not supported

Table continues on the next page...
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MTBDWT_CTRL field descriptions (continued)

Field Description

MTBDWT_CTRL[26] = NOEXTTRIG = 1, external match signals are not supported
MTBDWT_CTRL[25] = NOCYCCNT = 1, cycle counter is not supported
MTBDWT_CTRL[24] = NOPRFCNT = 1, profiling counters are not supported
MTBDWT_CTRL[22] = CYCEBTENA = 0, no POSTCNT underflow packets generated
MTBDWT_CTRL[21] = FOLDEVTENA = 0, no folded instruction counter overflow events
MTBDWT_CTRL[20] = LSUEVTENA = 0, no LSU counter overflow events
MTBDWT_CTRL[19] = SLEEPEVTENA = 0, no sleep counter overflow events
MTBDWT_CTRL[18] = EXCEVTENA = 0, no exception overhead counter events
MTBDWT_CTRL[17] = CPIEVTENA = 0, no CPI counter overflow events
MTBDWT_CTRL[16] = EXCTRCENA = 0, generation of exception trace disabled
MTBDWT_CTRL[12] = PCSAMPLENA = 0, no periodic PC sample packets generated
MTBDWT_CTRL[11:10] = SYNCTAP = 0, no synchronization packets
MTBDWT_CTRL[9] = CYCTAP = 0, cycle counter is not supported
MTBDWT_CTRL[8:5] = POSTINIT = 0, cycle counter is not supported
MTBDWT_CTRL[4:1] = POSTPRESET = 0, cycle counter is not supported
MTBDWT_CTRL[0] = CYCCNTENA = 0, cycle counter is not supported

19.32.2 MTB_DWT Comparator Register (MTBDWT_COMPnN)
The MTBDWT_COMPn registers provide the reference value for comparator n.

Address: FO00_1000h base + 20h offset + (16d x i), where i=0d to 1d

Bit 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

W COMP

ResetOO00000000000000|00OOOOOOOOOOOOOO

MTBDWT_COMPnh field descriptions

Field Description

31-0 Reference value for comparison
COMP
If MTBDWT_COMPO is used for a data value comparator and the access size is byte or halfword, the data
value must be replicated across all appropriate byte lanes of this register. For example, if the data is a
byte-sized "x" value, then COMP[31:24] = COMP[23:16] = COMP[15:8] = COMP[7:0] = "x". Likewise, if the
data is a halfword-size "y" value, then COMP[31:16] = COMP[15:0] = "y".
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19.32.3 MTB_DWT Comparator Mask Register

(MTBDWT_MASKn)

The MTBDWT_MASKn registers define the size of the ignore mask applied to the
reference address for address range matching by comparator n. Note the format of this
mask field is different than the MTB_MASTER[MASK].

Address: FO00_1000h base + 24h offset + (16d x i), where i=0d to 1d
Bit 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

Reset 0 O 0 0O O O OO OO OOOOOTO|OOOOOOO OOOOOUOOOU OGO

MTBDWT_MASKRn field descriptions

Field Description
31-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4-0 MASK
MASK

The value of the ignore mask, 0-31 bits, is applied to address range matching. MASK = 0 is used to
include all bits of the address in the comparison, except if MASK = 0 and the comparator is configured to
watch instruction fetch addresses, address bit [0] is ignored by the hardware since all fetches must be at
least halfword aligned. For MASK != 0 and regardless of watch type, address bits [x-1:0] are ignored in the
address comparison.

Using a mask means the comparator matches on a range of addresses, defined by the unmasked most
significant bits of the address, bits [31:x]. The maximum MASK value is 24, producing a 16 Mbyte mask.
An attempted write of a MASK value > 24 is limited by the MTBDWT hardware to 24.

If MTBDWT_COMPO is used as a data value comparator, then MTBDWT_MASKO should be programmed
to zero.
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19.32.4 MTB_DWT Comparator Function Register 0

(MTBDWT_FCTO)

The MTBDWT_FCTn registers control the operation of comparator n.

Address: FO00_1000h base + 28h offset = FO00_1028h

Bit 31

30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

o
MATCHED
o
o

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0 0
T
O
<
DATAVADDRO DATAVSIZE E FUNCTION
=
<
W a
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
MTBDWT_FCTO field descriptions
Field Description
31-25 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 Comparator match
MATCHED
If this read-only flag is asserted, it indicates the operation defined by the FUNCTION field occurred since
the last read of the register. Reading the register clears this bit.
Table continues on the next page...
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MTBDWT_FCTO field descriptions (continued)

Field Description
0 No match.
1 Match occurred.
23-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15-12 Data Value Address 0
DATAVADDRO
Since the MTB_DWT implements two comparators, the DATAVADDRO field is restricted to values {0,1}.
When the DATAVMATCH bit is asserted, this field defines the comparator number to use for linked
address comparison.
If MTBDWT_COMPO is used as a data watchpoint and MTBDWT_COMP1 as an address watchpoint,
DATAVADDRO must be set.
11-10 Data Value Size
DATAVSIZE
For data value matching, this field defines the size of the required data comparison.
00 Byte.
01 Halfword.
10  Word.
11 Reserved. Any attempts to use this value results in UNPREDICTABLE behavior.
9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 Data Value Match
DATAVMATCH ] o ] o ]
The assertion of this bit enables data value comparison. For this implementation, MTBDWT_COMPO
supports address or data value comparisons; MTBDWT_COMP1 only supports address comparisons.
0 Perform address comparison.
1 Perform data value comparison.
7-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-0 Function
FUNCTION

Selects the action taken on a comparator match. If MTBDWT_COMPO is used for a data value and
MTBDWT_COMP1 for an address value, then MTBDWT_FCT1[FUNCTION] must be set to zero. For this
configuration, MTBDWT_MASK1 can be set to a non-zero value, so the combined comparators match on
a range of addresses.

0000 Disabled.

0100 Instruction fetch.

0101 Data operand read.

0110  Data operand write.

0111 Data operand (read + write).

others Reserved. Any attempts to use this value results in UNPREDICTABLE behavior.
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19.32.5 MTB_DWT Comparator Function Register 1
(MTBDWT_FCT1)

The MTBDWT_FCTn registers control the operation of comparator n. Since the
MTB_DWT only supports data value comparisons on comparator 0, there are several
fields in the MTBDWT_FCTTI register that are RAZ/WI (bits 12, 11:10, 8).

Address: FO00_1000h base + 38h offset = FO00_1038h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

by
o

MATCHED
o

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0

FUNCTION

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MTBDWT_FCT1 field descriptions

Field Description
31-25 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 Comparator match
MATCHED
If this read-only flag is asserted, it indicates the operation defined by the FUNCTION field occurred since
the last read of the register. Reading the register clears this bit.

Table continues on the next page...
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MTBDWT_FCT1 field descriptions (continued)

Field Description
0 No match.
1 Match occurred.
23-4 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
3-0 Function
FUNCTION

Selects the action taken on a comparator match. If MTBDWT_COMPO is used for a data value and
MTBDWT_COMP1 for an address value, then MTBDWT_FCT1[FUNCTION] must be set to zero. For this
configuration, MTBDWT_MASK1 can be set to a non-zero value, so the combined comparators match on
a range of addresses.

0000 Disabled.

0100 Instruction fetch.

0101 Data operand read.

0110  Data operand write.

0111 Data operand (read + write).

others Reserved. Any attempts to use this value results in UNPREDICTABLE behavior.

19.32.6 MTB_DWT Trace Buffer Control Register
(MTBDWT_TBCTRL)

The MTBDWT_TBCTRL register defines how the watchpoint comparisons control the
actual trace buffer operation.

Recall the MTB supports starting and stopping the program trace based on the watchpoint
comparisons signaled via TSTART and TSTOP. The watchpoint comparison signals are
enabled in the MTB's control logic by setting the appropriate enable bits,
MTB_MASTER[TSTARTEN, TSTOPEN]. In the event of simultaneous assertion of
both TSTART and TSTOP, TSTART takes priority.

Address: FO00_1000h base + 200h offset = FO00_1200h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

R NUMCOMP 0

Reset 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
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Bit 15 14 13 12 1 10 9 8 | 7 6 5 4 3 2 1 0

ACOMP1
ACOMPO

o

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

MTBDWT_TBCTRL field descriptions

Field Description

31-28 Number of Comparators

NUMCOMP
This read-only field specifies the number of comparators in the MTB_DWT. This implementation includes

two registers.

27-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Action based on Comparator 1 match
ACOMP1

When the MTBDWT_FCT1[MATCHED] is set, it indicates MTBDWT_COMP1 address compare has
triggered and the trace buffer's recording state is changed.

0 Trigger TSTOP based on the assertion of MTBDWT_FCT1[MATCHED].
1 Trigger TSTART based on the assertion of MTBDWT_FCT1[MATCHED].

0 Action based on Comparator 0 match
ACOMPO

When the MTBDWT_FCTO[MATCHED] is set, it indicates MTBDWT_COMPO address compare has
triggered and the trace buffer's recording state is changed. The assertion of MTBDWT_FCTO[MATCHED)]
is caused by the following conditions:
e Address match in MTBDWT_COMPO when MTBDWT_FCTO[DATAVMATCH] =0
¢ Data match in MTBDWT_COMPO when MTBDWT_FCTO[DATAVMATCH, DATAVADDRO] = {1,0}
* Data match in MTBDWT_COMPO and address match in MTBDWT_COMP1 when
MTBDWT_FCTO[DATAVMATCH, DATAVADDRO] = {1,1}

0 Trigger TSTOP based on the assertion of MTBDWT_FCTO[MATCHED].
1 Trigger TSTART based on the assertion of MTBDWT_FCTO[MATCHED].
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19.32.7 Device Configuration Register (MTBDWT_DEVICECFG)

This register indicates the device configuration. It is hardwired to specific values used
during the auto-discovery process by an external debug agent.

Address: FO00_1000h base + FC8h offset = FO00_1FC8h

Bit31302928272625242322212019181716|1514131211109876543210

R DEVICECFG

Reset 0 O 0 0O O O OO OOOOTOUOUOO|OOOOOOOOOOOOUOOOTUOTGO

MTBDWT_DEVICECFG field descriptions

Field Description

31-0 Hardwired to 0x0000_0000.
DEVICECFG

19.32.8 Device Type Identifier Register (MTBDWT_DEVICETYPID)

This register indicates the device type ID. It is hardwired to specific values used during
the auto-discovery process by an external debug agent.

Address: FO00_1000h base + FCCh offset = FO00_1FCCh

Bit31302928272625242322212019181716|1514131211109876543210

R DEVICETYPID

Reset 0 O 0 0O O 0O OOOO OOOOTOTGO|OOOO OTOOOOOOOUOOTOTO

MTBDWT_DEVICETYPID field descriptions

Field Description

31-0 Hardwired to 0x0000_0004.
DEVICETYPID
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19.32.9 Peripheral ID Register (MTBDWT_PERIPHIDn)

These registers indicate the peripheral IDs. They are hardwired to specific values used
during the auto-discovery process by an external debug agent.

Address: FO00_1000h base + FDOh offset + (4d x i), where i=0d to 7d

Bit 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 PERIPHID
Reset x* X* X* X* X* X* X* X* x* X* X* x* X* X* X* x* X* X* X* x* X* X* x* X* X* X* X* X* X* X* x* X*

* Notes:
* See field descriptions for the reset values. x = Undefined at reset.

MTBDWT_PERIPHIDn field descriptions

Field Description
31-0 Peripheral ID1 is hardwired to 0x0000_00EQ; ID2 to 0x0000_0008; and all the others to 0x0000_0000.
PERIPHID

19.32.10 Component ID Register (MTBDWT_COMPIDn)

These registers indicate the component IDs. They are hardwired to specific values used
during the auto-discovery process by an external debug agent.

Address: FO00_1000h base + FFOh offset + (4d x i), where i=0d to 3d
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

R COMPID

Reset X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X*

* Notes:
* See field descriptions for the reset values.x = Undefined at reset.

MTBDWT_COMPIDn field descriptions

Field Description

31-0 Component ID

COMPID
Component ID0 is hardwired to 0x0000_000D; ID1 to 0x0000_0090; ID2 to 0x0000_0005; ID3 to

0x0000_00B1.
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19.3.3 System ROM Memory Map

The System ROM Table registers are also mapped into a sparsely-populated 4 KB
address space.

For core configurations like that supported by Cortex-M0+, ARM recommends that a
debugger identifies and connects to the debug components using the CoreSight debug
infrastructure.

ARM recommends that a debugger follows the flow as shown in the following figure to
discover the components in the CoreSight debug infrastructure. In this case a debugger
reads the peripheral and component ID registers for each CoreSight component in the
CoreSight system.

CoreSight access port

Base pointer

!

Redirection from the
1 System ROM table, if implemented

Flyeatcher ROM table

¥

| CoreSight ID |

| Pointers

v

System control space

——

¥

| CoreSight ID |

1Data watchpoint unit

1Break point unit

CoreSight ID |

CoreSight ID |

Flyeatchar CPUID

Debug contral |

Watchpoint control |

Breakpoint control |

1 Optional component

Figure 19-56. CoreSight discovery process

ROM memory map

‘:Zfi‘il;tse Register name (ivr\nli:ittg) Access | Reset value S:‘:;Zn/
(hex)
F000_2000 |Entry (ROM_ENTRYO) 32 R See section | 19.33.1/328
F000_2004 |Entry (ROM_ENTRY1) 32 R See section | 19.33.1/328
F000_2008 |Entry (ROM_ENTRY2) 32 R See section | 19.33.1/328
F000_200C |End of Table Marker Register (ROM_TABLEMARK) 32 R 0000_0000h | 19.33.2/329
FO00_2FCC |System Access Register (ROM_SYSACCESS) 32 R 0000_0001h | 19.33.3/329
FO00_2FDO0 |Peripheral ID Register (ROM_PERIPHID4) 32 R See section | 19.33.4/330
FO00_2FD4 |Peripheral ID Register (ROM_PERIPHID5) 32 R See section | 19.33.4/330
FO00_2FD8 |Peripheral ID Register (ROM_PERIPHIDG6) 32 R See section | 19.33.4/330
Table continues on the next page...
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ROM memory map (continued)

Absolute ; i
address Register name (ivr\lhgittg) Access | Reset value Sec;uc;n/
(hex) pag
FO00_2FDC |Peripheral ID Register (ROM_PERIPHID7) 32 R See section | 19.33.4/330
FOO00_2FEO |Peripheral ID Register (ROM_PERIPHIDO) 32 R See section | 19.33.4/330
FO00_2FE4 |Peripheral ID Register (ROM_PERIPHID1) 32 R See section | 19.33.4/330
FO00_2FES8 |Peripheral ID Register (ROM_PERIPHID2) 32 R See section | 19.33.4/330
FOO00_2FEC |Peripheral ID Register (ROM_PERIPHID3) 32 R See section | 19.33.4/330
FO00_2FF0 |Component ID Register (ROM_COMPIDO) 32 R See section | 19.33.5/330
FO00_2FF4 |Component ID Register (ROM_COMPID1) 32 R See section | 19.33.5/330
FO00_2FF8 |Component ID Register (ROM_COMPID2) 32 R See section | 19.33.5/330
FO00_2FFC |Component ID Register (ROM_COMPID3) 32 R See section | 19.33.5/330
19.33.1 Entry (ROM_ENTRYn)

The System ROM Table begins with "n" relative 32-bit addresses, one for each debug
component present in the device and terminating with an all-zero value signaling the end
of the table at the "n+1"-th value.

NOTE
See Chip Configuration chapter for the debug components these

registers point to.

It 1s hardwired to specific values used during the auto-discovery process by an external
debug agent.

Address: FO00_2000h base + Oh offset + (4d x i), where i=0d to 2d
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|15 14 13 12 11 10 9 8

6 5 4

2 1 0

ENTRY

Reset x* x* x*

* Notes:

» See field descriptions for reset values.x = Undefined at reset.

X xX* x* x* x*

ROM_ENTRYn field descriptions

X* x* Xt x* x* x* ox* x*

X* X xX* ox* ox* Xt ox* x* ox* ox* x*

X* x* x* x* x*

Field

Description

31-0
ENTRY

ENTRY

Table) to OxFOOF_DO003.

Entry 0 (MTB) is hardwired to OxFFFF_E003; Entry 1 (MTBDWT) to OxFFFF_FO003; Entry 2 (CM0+ ROM

KL25 Sub-Family Reference Manual, Rev. 3, September 2012

328

Freescale Semiconductor, Inc.




Chapter 19 Micro Trace Buffer (MTB)

19.33.2 End of Table Marker Register (ROM_TABLEMARK)

This register indicates end of table marker. It is hardwired to specific values used during
the auto-discovery process by an external debug agent.

Address: FO00_2000h base + Ch offset = FO00_200Ch

Bit31302928272625242322212019181716|1514131211109876543210

R MARK

Reset 0 O 0 0O O O OO OOOOTOUOUOO|OOOOOOOOOOOOUOOOTUOTGO

ROM_TABLEMARK field descriptions

Field Description

31-0 Hardwired to 0x0000_0000
MARK

19.33.3 System Access Register (ROM_SYSACCESS)

This register indicates system access. It is hardwired to specific values used during the
auto-discovery process by an external debug agent.

Address: FO00_2000h base + FCCh offset = FO00_2FCCh

Bit31302928272625242322212019181716|1514131211109876543210

R SYSACCESS

Reset 0 O 0 0O O 0O OOOO OOOOOTOOOOS OOOSOOOOOUOOTG OTGO1

ROM_SYSACCESS field descriptions

Field Description

31-0 Hardwired to 0x0000_0001
SYSACCESS
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19.33.4 Peripheral ID Register (ROM_PERIPHIDnN)

These registers indicate the peripheral IDs. They are hardwired to specific values used
during the auto-discovery process by an external debug agent.

Address: FO00_2000h base + FDOh offset + (4d x i), where i=0d to 7d

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 1615 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R PERIPHID
Reset x* X* X* X* X* X* X* X* x* X* X* x* X* X* X* x* X* X* X* x* X* X* x* X* X* X* X* X* X* X* x* X*

* Notes:
» See field descriptions for reset values.x = Undefined at reset.

ROM_PERIPHIDn field descriptions

Field Description
31-0 Peripheral ID1 is hardwired to 0x0000_00EQ; ID2 to 0x0000_0008; and all the others to 0x0000_0000.
PERIPHID

19.33.5 Component ID Register (ROM_COMPIDn)

These registers indicate the component IDs. They are hardwired to specific values used
during the auto-discovery process by an external debug agent.

Address: FO00_2000h base + FFOh offset + (4d x i), where i=0d to 3d
Bit 31 30 29 28 27 26 25 24 23 22 21 2019181716|1514131211 10 9 8 7 6 5 4 3 2 1 0

R COMPID

Reset X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X* X*

* Notes:
» See field descriptions for reset values.x = Undefined at reset.

ROM_COMPIDn field descriptions

Field Description

31-0 Component ID

COMPID
Component ID0 is hardwired to 0x0000_000D; ID1 to 0x0000_0010; ID2 to 0x0000_0005; ID3 to

0x0000_00B1.
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Chapter 20
Crossbar Switch Lite (AXBS-Lite)

20.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

This chapter provides information on the layout, configuration, and programming of the
crossbar switch. The crossbar switch connects bus masters and bus slaves using a
crossbar switch structure. This structure allows up to four bus masters to access different
bus slaves simultaneously, while providing arbitration among the bus masters when they
access the same slave.

20.1.1 Features
The crossbar switch includes these features:
* Symmetric crossbar bus switch implementation
» Allows concurrent accesses from different masters to different slaves
 32-bit data bus
* Operation at a 1-to-1 clock frequency with the bus masters

* Programmable configuration for fixed-priority or round-robin slave port arbitration

20.2 Memory Map / Register Definition

This crossbar switch is designed for minimal gate count. It, therefore, has no memory-
mapped configuration registers.
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20.3 Functional Description

20.3.1 General operation

When a master accesses the crossbar switch the access is immediately taken. If the
targeted slave port of the access is available, then the access is immediately presented on
the slave port. Single-clock or zero-wait-state accesses are possible through the crossbar.
If the targeted slave port of the access is busy or parked on a different master port, the
requesting master simply sees wait states inserted until the targeted slave port can service
the master's request. The latency in servicing the request depends on each master's
priority level and the responding slave's access time.

Because the crossbar switch appears to be just another slave to the master device, the
master device has no knowledge of whether it actually owns the slave port it is targeting.
While the master does not have control of the slave port it is targeting, it simply waits.

A master is given control of the targeted slave port only after a previous access to a
different slave port completes, regardless of its priority on the newly targeted slave port.
This prevents deadlock from occurring when:

* A higher priority master has:
* An outstanding request to one slave port that has a long response time and
* A pending access to a different slave port, and
* A lower priority master is also making a request to the same slave port as the pending
access of the higher priority master.

After the master has control of the slave port it is targeting, the master remains in control
of the slave port until it relinquishes the slave port by running an IDLE cycle or by
targeting a different slave port for its next access.

The master can also lose control of the slave port if another higher-priority master makes
a request to the slave port.

The crossbar terminates all master IDLE transfers, as opposed to allowing the termination
to come from one of the slave buses. Additionally, when no master is requesting access to
a slave port, the crossbar drives IDLE transfers onto the slave bus, even though a default
master may be granted access to the slave port.

When a slave bus is being idled by the crossbar, it remains parked with the last master to
use the slave port. This is done to save the initial clock of arbitration delay that otherwise
would be seen if the master had to arbitrate to gain control of the slave port.
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20.3.2 Arbitration

The crossbar switch supports two arbitration algorithms:

* Fixed priority
e Round robin

The selection of the global slave port arbitration is controlled by MCM_PLACR[ARB].
For fixed priority, set ARB to 0. For round robin, set ARB to 1. This arbitration setting
applies to all slave ports.

20.3.2.1 Arbitration During Undefined Length Bursts

All lengths of burst accesses lock out arbitration until the last beat of the burst.

20.3.2.2 Fixed-priority operation

When operating in fixed-priority mode, each master is assigned a unique priority level
with the highest numbered master having the highest priority (master 1 has lower priority
than master 3). If two masters request access to the same slave port, the master with the
highest priority gains control over the slave port.

NOTE
In this arbitration mode, a higher-priority master can
monopolize a slave port, preventing accesses from any lower-
priority master to the port.

When a master makes a request to a slave port, the slave port checks whether the new
requesting master's priority level is higher than that of the master that currently has
control over the slave port, unless the slave port is in a parked state. The slave port
performs an arbitration check at every clock edge to ensure that the proper master, if any,
has control of the slave port.

The following table describes possible scenarios based on the requesting master port:
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Table 20-1. How AXBS grants control of a slave port to a master

When Then AXBS grants control to the requesting master

Both of the following are true: At the next clock edge
¢ The current master is not running a transfer.
* The new requesting master's priority level is higher than
that of the current master.

The requesting master's priority level is lower than the current | At the conclusion of one of the following cycles:

master. * An IDLE cycle

* A non-IDLE cycle to a location other than the current
slave port

20.3.2.3 Round-robin priority operation

When operating in round-robin mode, each master is assigned a relative priority based on
the master port number. This relative priority is compared to the master port number (ID)
of the last master to perform a transfer on the slave bus. The highest priority requesting
master becomes owner of the slave bus at the next transfer boundary. Priority is based on
how far ahead the ID of the requesting master is to the ID of the last master.

After granted access to a slave port, a master may perform as many transfers as desired to
that port until another master makes a request to the same slave port. The next master in
line is granted access to the slave port at the next transfer boundary, or possibly on the
next clock cycle if the current master has no pending access request.

As an example of arbitration in round-robin mode, assume the crossbar is implemented
with master ports 0, 1, 4, and 5. If the last master of the slave port was master 1, and
master 0, 4 and 5 make simultaneous requests, they are serviced in the order 4, 5, and
then 0.

The round-robin arbitration mode generally provides a more fair allocation of the
available slave-port bandwidth (compared to fixed priority) as the fixed master priority
does not affect the master selection.

20.4 |Initialization/application information

No initialization is required for the crossbar switch. See the AXBS section of the
configuration chapter for the reset state of the arbitration scheme.
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Chapter 21
Peripheral Bridge (AIPS-Lite)

21.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

The peripheral bridge converts the crossbar switch interface to an interface that can
access most of the slave peripherals on this chip.

The peripheral bridge supports up to 128 peripherals, each with a 4K-byte address space.
(Not all peripheral slots might be used. See the chip configuration chapter and memory
map chapter for details on slot assignment.) The bridge includes separate clock enable
inputs for each of the slots to accommodate slower peripherals.

21.1.1 Features
Key features of the peripheral bridge are:
* Supports peripheral slots with 8-, 16-, and 32-bit datapath width

* Dedicated clock enables for independently configurable peripherals allow each on- or
off-platform peripheral to operate at any integer-divisible speed less than or equal to
the system clock frequency.
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21.1.2 General operation

The slave devices connected to the peripheral bridge are modules which contain a
programming model of control and status registers. The system masters read and write
these registers through the peripheral bridge. The peripheral bridge performs a bus
protocol conversion of the master transactions and generates the following as inputs to
the peripherals:

* Module enables

* Module addresses

* Transfer attributes

* Byte enables

e Write data

The peripheral bridge selects and captures read data from the peripheral interface and
returns it to the crossbar switch.

The register maps of the peripherals are located on 4-KB boundaries. Each peripheral is
allocated one or more 4-KB block(s) of the memory map.

The AIPS-Lite module uses the accessed peripheral's data width to perform proper data
byte lane routing; bus decomposition (bus sizing) is performed when the access size is
larger than the peripheral's data width.

21.2 Functional description

The peripheral bridge functions as a bus protocol translator between the crossbar switch
and the slave peripheral bus.

The peripheral bridge manages all transactions destined for the attached slave devices and
generates select signals for modules on the peripheral bus by decoding accesses within
the attached address space.

By default, reads and writes on the crossbar side of the peripheral bridge take two data-
phase cycles. On the IPS side, accesses complete in one cycle. If wait states are inserted
by the slave peripheral, access time will be extended accordingly.

21.2.1 Access support

All combinations of access size and peripheral data port width are supported. An access
that is larger than the target peripheral's data width will be decomposed to multiple,
smaller accesses. Bus decomposition is terminated by a transfer error caused by an access
to an empty register area.
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Chapter 22
Direct Memory Access Multiplexer (DMAMUX)

22.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

22.1.1 Overview

The direct memory access multiplexer (DMAMUX) routes DMA sources, called slots, to
any of the 4 DMA channels. This process is illustrated in the following figure.
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Figure 22-1. DMAMUX block diagram

22.1.2 Features
The DMAMUX module provides these features:
* 63 peripheral slots and 6 always-on slots can be routed to 4 channels.
* 4 independently selectable DMA channel routers.
* The first 2 channels additionally provide a trigger functionality.

* Each channel router can be assigned to one of the 63 possible peripheral DMA slots
or to one of the 6 always-on slots.

22.1.3 Modes of operation
The following operating modes are available:

e Disabled mode
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In this mode, the DMA channel is disabled. Because disabling and enabling of DMA
channels is done primarily via the DMA configuration registers, this mode is used
mainly as the reset state for a DMA channel in the DMA channel MUX. It may also
be used to temporarily suspend a DMA channel while reconfiguration of the system
takes place, for example, changing the period of a DMA trigger.

e Normal mode

In this mode, a DMA source is routed directly to the specified DMA channel. The
operation of the DMAMUX in this mode is completely transparent to the system.

* Periodic Trigger mode

In this mode, a DMA source may only request a DMA transfer, such as when a
transmit buffer becomes empty or a receive buffer becomes full, periodically.
Configuration of the period is done in the registers of the periodic interrupt timer
(PIT). This mode is available only for channels 0-1.

22.2 External signal description
The DMAMUX has no external pins.

22.3 Memory map/register definition

This section provides a detailed description of all memory-mapped registers in the
DMAMUX.

DMAMUX memory map

Absolute . .
address Register name (ivr\rhgittg) Access | Reset value Sec;tlc;n/

(hex) pag
4002_1000 |Channel Configuration register (DMAMUX0_CHCFGO) 8 R/W 00h 22.3.1/339
4002_1001 |Channel Configuration register (DMAMUXO0_CHCFG1) 8 R/W 00h 22.3.1/339
4002_1002 |Channel Configuration register (DMAMUX0_CHCFG2) 8 R/W 00h 22.3.1/339
4002_1003 |Channel Configuration register (DOMAMUXO0_CHCFG3) 8 R/W 00h 22.3.1/339

22.3.1 Channel Configuration register (DMAMUXx_CHCFGn)
Each of the DMA channels can be independently enabled/disabled and associated with

one of the DMA slots (peripheral slots or always-on slots) in the system.
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NOTE
Setting multiple CHCFG registers with the same Source value
will result in unpredictable behavior.

NOTE
Before changing the trigger or source settings a DMA channel
must be disabled via the CHCFGn[ENBL] bit.

Address: 4002_1000h base + 0Oh offset + (1d x i), where i=0d to 3d

Bit 7 6 5 4 | 3 2 1 0
Read
Write ENBL TRIG SOURCE
Reset 0 0 0 o | o 0 0 0
DMAMUXx_CHCFGn field descriptions
Field Description
7 DMA Channel Enable
ENBL

Enables the DMA channel.

0 DMA channel is disabled. This mode is primarily used during configuration of the DMA Mux. The DMA
has separate channel enables/disables, which should be used to disable or re-configure a DMA
channel.

1 DMA channel is enabled

6 DMA Channel Trigger Enable
TRIG

Enables the periodic trigger capability for the triggered DMA channel.

0 Triggering is disabled. If triggering is disabled, and the ENBL bit is set, the DMA Channel will simply
route the specified source to the DMA channel. (Normal mode)

1 Triggering is enabled. If triggering is enabled, and the ENBL bit is set, the DMAMUX is in Periodic
Trigger mode.

5-0 DMA Channel Source (Slot)
SOURCE

Specifies which DMA source, if any, is routed to a particular DMA channel. See your device's chip

configuration details for further details about the peripherals and their slot numbers.

22.4 Functional description

The primary purpose of the DMAMUX is to provide flexibility in the system's use of the
available DMA channels. As such, configuration of the DMAMUX is intended to be a
static procedure done during execution of the system boot code. However, if the
procedure outlined in Enabling and configuring sources is followed, the configuration of
the DMAMUX may be changed during the normal operation of the system.

Functionally, the DMAMUX channels may be divided into two classes:
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* Channels which implement the normal routing functionality plus periodic triggering
capability
* Channels which implement only the normal routing functionality

22.4.1 DMA channels with periodic triggering capability

Besides the normal routing functionality, the first 2 channels of the DMAMUX provide a
special periodic triggering capability that can be used to provide an automatic mechanism
to transmit bytes, frames, or packets at fixed intervals without the need for processor
intervention. The trigger is generated by the periodic interrupt timer (PIT); as such, the
configuration of the periodic triggering interval is done via configuration registers in the
PIT. See the section on periodic interrupt timer for more information on this topic.

Note

Because of the dynamic nature of the system (due to DMA
channel priorities, bus arbitration, interrupt service routine
lengths, etc.), the number of clock cycles between a trigger and
the actual DMA transfer cannot be guaranteed.

Source #1
<< > iR
Source #2
< IR
Source #3
.............. DMA channel #0
=< . Y I SO Trigger #1  |------ -
: DMA ch | #1
1 ) A Trigger #2  |------- channe >
Source #x '
< P o iRREEEEEEEEEES DMA channel #3
-------
Always #1 % =~ >
. S IEREEEEEEEEEE
Always #
ysty | /

Figure 22-12. DMAMUX triggered channels
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The DMA channel triggering capability allows the system to schedule regular DMA
transfers, usually on the transmit side of certain peripherals, without the intervention of
the processor. This trigger works by gating the request from the peripheral to the DMA
until a trigger event has been seen. This is illustrated in the following figure.

Peripheral request / \ / \_/
Trigger [ | [l [
DMA request / W

Figure 22-13. DMAMUX channel triggering: normal operation

After the DMA request has been serviced, the peripheral will negate its request,
effectively resetting the gating mechanism until the peripheral re-asserts its request AND
the next trigger event is seen. This means that if a trigger is seen, but the peripheral is not
requesting a transfer, then that trigger will be ignored. This situation is illustrated in the
following figure.

Peripheral request / \ /
Trigger I_I |_| I_I
DMA request / \ /

Figure 22-14. DMAMUX channel triggering: ignored trigger

This triggering capability may be used with any peripheral that supports DMA transfers,
and is most useful for two types of situations:

* Periodically polling external devices on a particular bus

As an example, the transmit side of an SPI is assigned to a DMA channel with a
trigger, as described above. After it has been set up, the SPI will request DMA
transfers, presumably from memory, as long as its transmit buffer is empty. By using
a trigger on this channel, the SPI transfers can be automatically performed every Sus
(as an example). On the receive side of the SPI, the SPT and DMA can be configured
to transfer receive data into memory, effectively implementing a method to
periodically read data from external devices and transfer the results into memory
without processor intervention.

» Using the GPIO ports to drive or sample waveforms
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By configuring the DMA to transfer data to one or more GPIO ports, it is possible to
create complex waveforms using tabular data stored in on-chip memory. Conversely,
using the DMA to periodically transfer data from one or more GPIO ports, it is
possible to sample complex waveforms and store the results in tabular form in on-
chip memory.

A more detailed description of the capability of each trigger, including resolution, range
of values, and so on, may be found in the periodic interrupt timer section.

22.4.2 DMA channels with no triggering capability

The other channels of the DMAMUX provide the normal routing functionality as
described in Modes of operation.

22.4.3 Always-enabled DMA sources

In addition to the peripherals that can be used as DMA sources, there are 6 additional
DMA sources that are always enabled. Unlike the peripheral DMA sources, where the
peripheral controls the flow of data during DMA transfers, the sources that are always
enabled provide no such "throttling" of the data transfers. These sources are most useful
in the following cases:

e Performing DMA transfers to/from GPIO—Moving data from/to one or more GPIO
pins, either unthrottled (that is as fast as possible), or periodically (using the DMA
triggering capability).

* Performing DMA transfers from memory to memory—Moving data from memory to
memory, typically as fast as possible, sometimes with software activation.

e Performing DMA transfers from memory to the external bus, or vice-versa—Similar
to memory to memory transfers, this is typically done as quickly as possible.

* Any DMA transfer that requires software activation—Any DMA transfer that should
be explicitly started by software.

In cases where software should initiate the start of a DMA transfer, an always-enabled
DMA source can be used to provide maximum flexibility. When activating a DMA
channel via software, subsequent executions of the minor loop require that a new start
event be sent. This can either be a new software activation, or a transfer request from the
DMA channel MUX. The options for doing this are:

* Transfer all data in a single minor loop.
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By configuring the DMA to transfer all of the data in a single minor loop (that is,
major loop counter = 1), no reactivation of the channel is necessary. The
disadvantage to this option is the reduced granularity in determining the load that the
DMA transfer will impose on the system. For this option, the DMA channel must be
disabled in the DMA channel MUX.

» Use explicit software reactivation.

In this option, the DMA is configured to transfer the data using both minor and major
loops, but the processor is required to reactivate the channel by writing to the DMA
registers after every minor loop. For this option, the DMA channel must be disabled
in the DMA channel MUX.

» Use an always-enabled DMA source.

In this option, the DMA is configured to transfer the data using both minor and major
loops, and the DMA channel MUX does the channel reactivation. For this option, the
DMA channel should be enabled and pointing to an "always enabled" source. Note
that the reactivation of the channel can be continuous (DMA triggering is disabled)
or can use the DMA triggering capability. In this manner, it is possible to execute
periodic transfers of packets of data from one source to another, without processor
intervention.

22.5 |Initialization/application information

This section provides instructions for initializing the DMA channel MUX.

22.5.1 Reset

The reset state of each individual bit is shown in Memory map/register definition. In
summary, after reset, all channels are disabled and must be explicitly enabled before use.

22.5.2 Enabling and configuring sources
To enable a source with periodic triggering:

1. Determine with which DMA channel the source will be associated. Note that only the
first 2 DMA channels have periodic triggering capability.
2. Clear the CHCFG[ENBL] and CHCFG|TRIG] fields of the DMA channel.
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3. Ensure that the DMA channel is properly configured in the DMA. The DMA channel
may be enabled at this point.

4. Configure the corresponding timer.

5. Select the source to be routed to the DMA channel. Write to the corresponding
CHCEFG register, ensuring that the CHCFG[ENBL] and CHCFG[TRIG] fields are
set.

NOTE

The following is an example. See chip configuration section for
the number of this device's DMA channels that have triggering
capability.

To configure source #5 transmit for use with DMA channel 2, with periodic triggering
capability:

1. Write 0x00 to CHCFG?2 (base address + 0x02).

2. Configure channel 2 in the DMA, including enabling the channel.

3. Configure a timer for the desired trigger interval.

4. Write 0xC5 to CHCFG2 (base address + 0x02).

The following code example illustrates steps 1 and 4 above:

In File registers.h:

#define DMAMUX BASE ADDR 0xFC084000/* Example only ! */
/* Following example assumes char is 8-bits */

volatile unsigned char *CHCONFIGO volatile unsigned char
volatile unsigned char *CHCONFIG1 volatile unsigned char
volatile unsigned char *CHCONFIG2 volatile unsigned char
volatile unsigned char *CHCONFIG3 volatile unsigned char
volatile unsigned char *CHCONFIG4 volatile unsigned char
volatile unsigned char *CHCONFIG5 volatile unsigned char
volatile unsigned char *CHCONFIG6 volatile unsigned char
volatile unsigned char *CHCONFIG7 volatile unsigned char
volatile unsigned char *CHCONFIGS volatile unsigned char
volatile unsigned char *CHCONFIG9 volatile unsigned char
volatile unsigned char *CHCONFIG10= (volatile unsigned char
volatile unsigned char *CHCONFIGll= (volatile unsigned char
volatile unsigned char *CHCONFIGl2= (volatile unsigned char
volatile unsigned char *CHCONFIG13= (volatile unsigned char
volatile unsigned char *CHCONFIGl4= (volatile unsigned char
volatile unsigned char *CHCONFIG15= (volatile unsigned char

(DMAMUX_BASE_ADDR+0x0000
(DMAMUX_BASE_ADDR+0x0001
(DMAMUX_BASE_ADDR+0x0002
(DMAMUX_BASE_ADDR+0x0003
(DMAMUX_BASE_ADDR+0x0004
(DMAMUX_BASE_ADDR+0x0005
(DMAMUX_BASE_ADDR+0x0006
(DMAMUX_BASE_ADDR+0x0007
(DMAMUX_BASE_ADDR+0x0008
(DMAMUX_BASE_ADDR+0x0009
(DMAMUX_BASE_ADDR+0x000A
(DMAMUX_BASE_ADDR+0x000B
(DMAMUX_BASE_ADDR+0x000C
(DMAMUX_BASE_ADDR+0x000D
(DMAMUX_BASE_ADDR+0x000E
(DMAMUX_BASE_ADDR+0x000F

F ok o F F E X X X X X X X F *

)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i

In File main.c:
#include "registers.h"

*CHCONFIG2
*CHCONFIG2

0x00;
0xC5;

To enable a source without periodic triggering:

1. Determine with which DMA channel the source will be associated. Note that only the
first 2 DMA channels have periodic triggering capability.
2. Clear the CHCFG[ENBL] and CHCFG[TRIG] fields of the DMA channel.
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3. Ensure that the DMA channel is properly configured in the DMA. The DMA channel
may be enabled at this point.

4. Select the source to be routed to the DMA channel. Write to the corresponding
CHCEFG register, ensuring that CHCFG[ENBL] is set while CHCFG[TRIG] is
cleared.

NOTE
The following is an example. See chip configuration section for
the number of this device's DMA channels that have triggering
capability.

To configure source #5 transmit for use with DMA channel 2, with no periodic triggering
capability:

1. Write 0x00 to CHCFG?2 (base address + 0x02).

2. Configure channel 2 in the DMA, including enabling the channel.

3. Write 0x85 to CHCFG2 (base address + 0x02).

The following code example illustrates steps 1 and 3 above:

In File registers.h:

#define DMAMUX BASE_ADDR 0xFC084000/* Example only ! */
/* Following example assumes char is 8-bits */

volatile unsigned char *CHCONFIGO volatile unsigned char
volatile unsigned char *CHCONFIG1l volatile unsigned char
volatile unsigned char *CHCONFIG2 volatile unsigned char
volatile unsigned char *CHCONFIG3 volatile unsigned char
volatile unsigned char *CHCONFIG4 volatile unsigned char
volatile unsigned char *CHCONFIGS5 volatile unsigned char
volatile unsigned char *CHCONFIG6 volatile unsigned char
volatile unsigned char *CHCONFIG7 volatile unsigned char
volatile unsigned char *CHCONFIGS volatile unsigned char
volatile unsigned char *CHCONFIG9 volatile unsigned char
volatile unsigned char *CHCONFIG10 volatile unsigned char
volatile unsigned char *CHCONFIGll= (volatile unsigned char
volatile unsigned char *CHCONFIG12= (volatile unsigned char
volatile unsigned char *CHCONFIG1l3= (volatile unsigned char
volatile unsigned char *CHCONFIGl4= (volatile unsigned char
volatile unsigned char *CHCONFIG15= (volatile unsigned char

(DMAMUX_BASE_ADDR+0x0000
(DMAMUX_BASE_ADDR+0x0001
(DMAMUX_BASE_ADDR+0x0002
(DMAMUX_BASE_ADDR+0x0003
(DMAMUX_BASE_ADDR+0x0004
(DMAMUX_BASE_ADDR+0x0005
(DMAMUX_BASE_ADDR+0x0006
(DMAMUX_BASE_ADDR+0x0007
(DMAMUX_BASE_ADDR+0x0008
(DMAMUX_BASE_ADDR+0x0009
(DMAMUX_BASE_ADDR+0x000A
(DMAMUX_BASE_ADDR+0x000B
(DMAMUX_BASE_ADDR+0x000C
(DMAMUX_BASE_ADDR+0x000D
(DMAMUX_BASE_ADDR+0x000E
(DMAMUX_BASE_ADDR+0x000F

5k %k ok ok ok X X X X X X X X X X

)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i

In File main.c:
#include "registers.h"

*CHCONFIG2
*CHCONFIG2

0x00;
0x85;

To disable a source:

A particular DMA source may be disabled by not writing the corresponding source value
into any of the CHCFG registers. Additionally, some module-specific configuration may
be necessary. See the appropriate section for more details.

To switch the source of a DMA channel:
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1. Disable the DMA channel in the DMA and re-configure the channel for the new
source.

2. Clear the CHCFG[ENBL] and CHCFG|TRIG] bits of the DMA channel.

. Select the source to be routed to the DMA channel. Write to the corresponding
CHCEFG register, ensuring that the CHCFG[ENBL] and CHCFG[TRIG] fields are
set.

W

To switch DMA channel 8 from source #5 transmit to source #7 transmit:

1. In the DMA configuration registers, disable DMA channel 8 and reconfigure it to
handle the transfers to peripheral slot 7. This example assumes channel 8 doesn't
have triggering capability.

2. Write 0x00 to CHCFGS (base address + 0x08).

. Write 0x87 to CHCFGS8 (base address + 0x08). (In this example, setting

CHCFG[TRIG] would have no effect, due to the assumption that channel 8 does not

support the periodic triggering functionality).

W

The following code example illustrates steps 2 and 3 above:

In File registers.h:

#define DMAMUX BASE_ADDR 0xFC084000/* Example only ! */
/* Following example assumes char is 8-bits */

volatile unsigned char *CHCONFIGO volatile unsigned char
volatile unsigned char *CHCONFIG1l volatile unsigned char
volatile unsigned char *CHCONFIG2 volatile unsigned char
volatile unsigned char *CHCONFIG3 volatile unsigned char
volatile unsigned char *CHCONFIG4 volatile unsigned char
volatile unsigned char *CHCONFIGS5 volatile unsigned char
volatile unsigned char *CHCONFIG6 volatile unsigned char
volatile unsigned char *CHCONFIG7 volatile unsigned char
volatile unsigned char *CHCONFIGS volatile unsigned char
volatile unsigned char *CHCONFIG9 volatile unsigned char
volatile unsigned char *CHCONFIG10= (volatile unsigned char
volatile unsigned char *CHCONFIGll= (volatile unsigned char
volatile unsigned char *CHCONFIG12= (volatile unsigned char
volatile unsigned char *CHCONFIG13= (volatile unsigned char
volatile unsigned char *CHCONFIGl4= (volatile unsigned char
volatile unsigned char *CHCONFIG15= (volatile unsigned char

(DMAMUX_BASE_ADDR+0x0000
(DMAMUX_BASE_ADDR+0x0001
(DMAMUX_BASE_ADDR+0x0002
(DMAMUX_BASE_ADDR+0x0003
(DMAMUX_BASE_ADDR+0x0004
(DMAMUX_BASE_ADDR+0x0005
(DMAMUX_BASE_ADDR+0x0006
(DMAMUX_BASE_ADDR+0x0007
(DMAMUX_BASE_ADDR+0x0008
(DMAMUX_BASE_ADDR+0x0009
(DMAMUX_BASE_ADDR+0x000A
(DMAMUX_BASE_ADDR+0x000B
(DMAMUX_BASE_ADDR+0x000C
(DMAMUX_BASE_ADDR+0x000D
(DMAMUX_BASE_ADDR+0x000E
(DMAMUX_BASE_ADDR+0x000F

5k Sk ok ok ok X X X X X X X X X X

)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i
)i

In File main.c:
#include "registers.h"

*CHCONFIG8
*CHCONFIGS8

0x00;
0x87;
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Chapter 23
DMA Controller Module

23.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

This chapter describes the direct memory access (DMA) controller module. It provides an
overview of the module and describes in detail its signals and programming model. The
latter sections of this chapter describe operations, features, and supported data transfer
modes in detail.

Note

The designation 7 is used throughout this section to refer to

registers or signals associated with one of the four identical
DMA channels: DMAO, DMA1, DMA2, or DMA3.

23.1.1 Overview

The DMA controller module enables fast transfers of data, providing an efficient way to
move blocks of data with minimal processor interaction. The DMA module, shown in the
following figure, has four channels that allow 8-bit, 16-bit, or 32-bit data transfers. Each
channel has a dedicated source address register (SARn), destination address register
(DARR), status register (DSRn), byte count register (BCR#n), and control register
(DCRn). Collectively, the combined program-visible registers associated with each
channel define a transfer control descriptor (TCD). All transfers are dual address, moving
data from a source memory location to a destination memory location with the module
operating as a 32-bit bus master connected to the system bus. The programming model is
accessed through a 32-bit connection with the slave peripheral bus. DMA data transfers
may be explicitly initiated by software or by peripheral hardware requests.
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The following figure is a simplified block diagram of the 4-channel DMA controller.

DREQ0 DREQ1 DREQ2 DREQ3
l DA%)KO l DA?« l DA(TDKZ l DA(TDKS
Channel 0| Channel 1 |Channel 2| Channel 3
Slave SARO SAR1 SAR2 SAR3
Peripheral Bus DARO DAR1 DAR2 DAR3 Interrupts
h DSRO DSR1 DSR2 DSR3

BCRO BCR1 BCR2 BCR3
DCRO DCRH1 DCR2 DCRS3

A

Y
\

Channel Channel
Requests Attributes
Channel Y
Enables System Bus Address
MUX System Bus Size
MUX f Current Master Attributes
Control
\
Arbitraton/ \ ] 17
SysBus Interface| Control SysBus Interface
Data Path |~ Data Path Addr + Attr
Control .
Registered Addr
Read Data Bus Write Data Bus Phase Bus Signals

Figure 23-1. 4-Channel DMA Block Diagram

The terms peripheral request and DREQ refer to a DMA request from one of the on-chip
peripherals or package pins. The DMA provides hardware handshake signals: either a
DMA acknowledge (DACK) or a done indicator back to the peripheral.

23.1.2 Features
The DMA controller module features:
 Four independently programmable DMA controller channels
* Dual-address transfers via 32-bit master connection to the system bus

e Data transfers in 8-, 16-, or 32-bit blocks
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* Continuous-mode or cycle-steal transfers from software or peripheral initiation
* Automatic hardware acknowledge/done indicator from each channel
* Independent source and destination address registers

* Optional modulo addressing and automatic updates of source and destination
addresses

* Independent transfer sizes for source and destination

* Optional auto-alignment feature for source or destination accesses
* Optional automatic single or double channel linking

* Programming model accessed via 32-bit slave peripheral bus

* Channel arbitration on transfer boundaries using fixed priority scheme

23.2 DMA Transfer Overview

The DMA module can move data within system memory (including memory and
peripheral devices) with minimal processor intervention, greatly improving overall
system performance. The DMA module consists of four independent, functionally
equivalent channels, so references to DMA in this chapter apply to any of the channels. It
1s not possible to address all four channels at once.

As soon as a channel has been initialized, it may be started by setting DCRr[START] or
a properly-selected peripheral DMA request, depending on the status of DCRn[ERQ)].

The DMA controller supports dual-address transfers using its bus master connection to
the system bus. The DMA channels support transfers up to 32 data bits in size and have
the same memory map addressibility as the processor.

* Dual-address transfers—A dual-address transfer consists of a read followed by a
write and is initiated by a request using the DCRn[START] bit or by a peripheral
DMA request. The read data is temporarily held in the DMA channel hardware until
the write operation. Two types of single transfers occur: a read from a source address
followed by a write to a destination address. See the following figure.
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Figure 23-2. Dual-Address Transfer

Any operation involving a DMA channel follows the same three steps:

1. Channel initialization—The transfer control descriptor, contained in the channel
registers, is loaded with address pointers, a byte-transfer count, and control
information using accesses from the slave peripheral bus.

2. Data transfer—The DMA accepts requests for data transfers. Upon receipt of a
request, it provides address and bus control for the transfers via its master connection
to the system bus and temporary storage for the read data. The channel performs one
or more source read and destination write data transfers.

3. Channel termination—Occurs after the operation is finished successfully or due to an
error. The channel indicates the operation status in the channel's DSR, described in
the definitions of the DMA Status Registers (DSRn) and Byte Count Registers
(BCRn).

23.3 Memory Map and Registers

Descriptions of each register and its bit assignments follow. Modifying DMA control
registers during a transfer can result in undefined operation. The following table shows
the mapping of DMA controller registers. The DMA programming model is accessed via
the slave peripheral bus. The concatenation of the source and destination address
registers, the status and byte count register, and the control register create a 128-bit
transfer control descriptor (TCD) that defines the operation of each DMA channel.
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DMA memory map

23(51‘::;? Register name (i‘IrYi:ittr;) Access | Reset value S:(;t:;n/
(hex)
4000_8100 |Source Address Register (DMA_SARO) 32 R/W | 0000_0000h | 23.3.1/353
4000_8104 |Destination Address Register (DMA_DARO) 32 R/W 0000_0000h | 23.3.2/354
4000_8108 (DD'\,’\'A’*AEE"";“;;?&S;” Byte Count Register 32 RW | 0000_0000h | 23.3.3/355
4000_810C |DMA Control Register (DOMA_DCRO) 32 RW | 0000_0000h | 23.3.4/357
4000_8110 |Source Address Register (DMA_SAR1) 32 R/W 0000_0000h | 23.3.1/353
4000_8114 |Destination Address Register (DMA_DART1) 32 R/W 0000_0000h | 23.3.2/354
4000_8118 (DD'\,’\'AAAftDa;”Ff_FE‘;’CgFi;tf” Byte Count Register 32 RW | 0000_0000h | 23.3.3/355
4000_811C |DMA Control Register (DMA_DCR1) 32 RW | 0000_0000h | 23.3.4/357
4000_8120 |Source Address Register (DMA_SAR2) 32 R/W | 0000_0000h | 23.3.1/353
4000_8124 |Destination Address Register (OMA_DAR2) 32 R/W | 0000_0000h | 23.3.2/354
4000_8128 (DD'\,’\'AAA?D"";“;_FI;GCQAS;” Byte Count Register 32 R/W | 0000_0000h | 23.3.3/355
4000_812C |DMA Control Register (OMA_DCR2) 32 R/W | 0000_0000h | 23.3.4/357
4000_8130 |Source Address Register (DMA_SAR3) 32 R/W | 0000_0000h | 23.3.1/353
4000_8134 |Destination Address Register (OMA_DAR3) 32 R/W | 0000_0000h | 23.3.2/354
4000_8138 (DD'\:AAA?Daé”;_';%g;s;” Byte Count Register 32 R/W | 0000_0000h | 23.3.3/355
4000_813C |DMA Control Register (DOMA_DCR3) 32 R/W | 0000_0000h | 23.3.4/357
23.3.1 Source Address Register (DMA_SARN)
Restriction
For this register:
e Only 32-bit writes are allowed. 16-bit and 8-bit writes
result in a bus error.
* Only four values are allowed to be written to bits 31-20 of
this register. A write of any other value to these bits causes
a configuration error when the channel starts to execute.
For more information about the configuration error, see the
description of the CE field of DSR.
Address: 4000_8000h base + 100h offset + (16d x i), where i=0d to 3d
Bit 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
W

SAR

ResetOOOO0OO000OOOOOO|0000000000000000
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DMA_SARn field descriptions

Field Description
31-0 Each SAR contains the byte address used by the DMA controller to read data. The SARn is typically
SAR aligned on a 0-modulo-ssize boundary—that is, on the natural alignment of the source data.

Restriction: Bits 31-20 of this register must be written with one of only four allowed values. Each of
these four allowed values corresponds to a valid region of the device's memory map. The
allowed values are:

¢ 0x000x_xxxx
o 0Ox1FFx_xxxx
* 0x200x_xXxXx
* 0x400x_xxxx

After being written with one of the allowed values, bits 31-20 read back as the written value.
After being written with any other value, bits 31-20 read back as an indeterminate value.

23.3.2 Destination Address Register (DMA_DARN)

Restriction
For this register:

* Only 32-bit writes are allowed. 16-bit and 8-bit writes
result in a bus error.

* Only four values are allowed to be written to bits 31-20 of
this register. A write of any other value to these bits causes
a configuration error when the channel starts to execute.
For more information about the configuration error, see the
description of the CE field of DSR.

Address: 4000_8000h base + 104h offset + (16d x i), where i=0d to 3d
Bit 31 30 29 28 27 26 25 24 23 22 21 2o191s171s|1514131211 10 9 8 7 6 5 4 3 2 1 0

R
w DAR

ResetOOOO000000000000|0000000000000000

DMA_DARnN field descriptions

Field Description
31-0 Each DAR contains the byte address used by the DMA controller to write data. The DARn is typically
DAR aligned on a 0-modulo-dsize boundary—that is, on the natural alignment of the destination data.

Restriction: Bits 31-20 of this register must be written with one of only four allowed values. Each of
these four allowed values corresponds to a valid region of the device's memory map. The
allowed values are:

* 0x000x_xxxx
e Ox1FFx_xxxx
* Ox200x_XxxX
* 0x400x_xxxx
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DMA_DARN field descriptions (continued)

Field Description

After being written with one of the allowed values, bits 31-20 read back as the written value.
After being written with any other value, bits 31-20 read back as an indeterminate value.

23.3.3 DMA Status Register / Byte Count Register (DMA_DSR_BCRn)

DSR and BCR are two logical registers that occupy one 32-bit address. DSRn occupies
bits 31-24, and BCRn occupies bits 23—0. DSRn contains flags indicating the channel
status, and BCRn contains the number of bytes yet to be transferred for a given block.

On the successful completion of the write transfer, BCRn decrements by 1, 2, or 4 for 8-
bit, 16-bit, or 32-bit accesses, respectively. BCRn is cleared if a 1 is written to
DSR[DONE].

In response to an event, the DMA controller writes to the appropriate DSRn bit. Only a
write to DSRn[DONE] results in action. DSRn[DONE] is set when the block transfer is
complete.

When a transfer sequence is initiated and BCRn[BCR] is not a multiple of 4 or 2 when
the DMA is configured for 32-bit or 16-bit transfers, respectively, DSRn[CE] is set and
no transfer occurs.

Address: 4000_8000h base + 108h offset + (16d x i), where i=0d to 3d
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R| O CE | BES | BED 0

BSY

REQ
DONE

BCR

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

BCR

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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DMA_DSR_BCRn field descriptions

Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30 Configuration error
CE

Any of the following conditions causes a configuration error:
¢ BCR, SAR, or DAR does not match the requested transfer size.
¢ A value greater than OF_FFFFh is written to BCR.
* Bits 31-20 of SAR or DAR are written with a value other than one of the allowed values. See SAR
and DAR.
SSIZE or DSIZE is set to an unsupported value.
BCR equals 0 when the DMA receives a start condition.

CE is cleared at hardware reset or by writing a 1 to the DONE bit.

0 No configuration error exists.
1 A configuration error has occurred.

29 Bus error on source
BES
BES is cleared at hardware reset or by writing a 1 to the DONE bit.

0 No bus error occurred.
1 The DMA channel terminated with a bus error during the read portion of a transfer.

28 Bus error on destination
BED
BED is cleared at hardware reset or by writing a 1 to the DONE bit.

0 No bus error occurred.
1 The DMA channel terminated with a bus error during the write portion of a transfer.

27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 Request
REQ

0 No request is pending or the channel is currently active. Cleared when the channel is selected.
1 The DMA channel has a transfer remaining and the channel is not selected.

25 Busy
BSY

0 DMA channel is inactive. Cleared when the DMA has finished the last transaction.
1 BSY is set the first time the channel is enabled after a transfer is initiated.

24 Transactions done

DONE
Set when all DMA controller transactions complete as determined by transfer count, or based on error

conditions. When BCR reaches zero, DONE is set when the final transfer completes successfully. DONE
can also be used to abort a transfer by resetting the status bits. When a transfer completes, software must
clear DONE before reprogramming the DMA.

0 DMA transfer is not yet complete. Writing a 0 has no effect.

1 DMA transfer completed. Writing a 1 to this bit clears all DMA status bits and should be used in an
interrupt service routine to clear the DMA interrupt and error bits.

23-0 This field contains the number of bytes yet to be transferred for a given block.

BCR
Restriction: BCR must be written with a value equal to or less than OF_FFFFh. After being written with a

value in this range, bits 23-20 of BCR read back as 1110b. A write to BCR of a value

Table continues on the next page...
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DMA_DSR_BCRn field descriptions (continued)

Field Description

greater than OF_FFFFh causes a configuration error when the channel starts to execute.
After being written with a value in this range, bits 23-20 of BCR read back as 1111b.

23.3.4 DMA Control Register (DMA_DCRn)

Address: 4000_8000h base + 10Ch offset + (16d x i), where i=0d to 3d

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
R 0
e | g
EINT | ERQ | CS % g SINC SSIZE DINC DSIZE
g3 -
o
w <C
|—
)]

Reset 0 0 0

o
o
o
o
o
o
o
o
o

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R 0
g
SMOD DMOD o LINKCC LCHA1 LCH2
D|
w

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DMA_DCRn field descriptions

Field Description

31 Enable interrupt on completion of transfer

EINT
Determines whether an interrupt is generated by completing a transfer or by the occurrence of an error

condition.

0 Nointerrupt is generated.
1 Interrupt signal is enabled.

30 Enable peripheral request
ERQ

CAUTION: Be careful: a collision can occur between the START bit and D_REQ when the ERQ bit is 1.

0 Peripheral request is ignored.

1 Enables peripheral request to initiate transfer. A software-initiated request (setting the START bit) is
always enabled.

Table continues on the next page...
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DMA_DCRn field descriptions (continued)

Field Description
29 Cycle steal
CS
0 DMA continuously makes read/write transfers until the BCR decrements to 0.
1 Forces a single read/write transfer per request.
28 Auto-align
AA
AA and SIZE bits determine whether the source or destination is auto-aligned; that is, transfers are
optimized based on the address and size.
0 Auto-align disabled
1 If SSIZE indicates a transfer no smaller than DSIZE, source accesses are auto-aligned; otherwise,
destination accesses are auto-aligned. Source alignment takes precedence over destination
alignment. If auto-alignment is enabled, the appropriate address register increments, regardless of
DINC or SINC.
27-25 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
24 This field is reserved.
Reserved
CAUTION: Must be written as zero; otherwise, undefined behavior results.
23 Enable asynchronous DMA requests
EADREQ ) o
Enables the channel to support asynchronous DREQs while the MCU is in Stop mode.
0 Disabled
1 Enabled
22 Source increment
SINC
Controls whether the source address increments after each successful transfer.
0 No change to SAR after a successful transfer.
1 The SAR increments by 1, 2, 4 as determined by the transfer size.
21-20 Source size
SSIZE . .
Determines the data size of the source bus cycle for the DMA controller.
00 32-bit
01 8-bit
10 16-bit
11 Reserved (generates a configuration error (DSRn[CE]) if incorrectly specified at time of channel
activation)
19 Destination increment
DINC
Controls whether the destination address increments after each successful transfer.
0 No change to the DAR after a successful transfer.
1 The DAR increments by 1, 2, 4 depending upon the size of the transfer.
18-17 Destination size
DSIZE

Determines the data size of the destination bus cycle for the DMA controller.

00 32-bit
01 8-bit

Table continues on the next page...
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DMA_DCRn field descriptions (continued)

Field Description
10 16-bit
11 Reserved (generates a configuration error (DSRn[CE]) if incorrectly specified at time of channel
activation)
16 Start transfer

START
0 DMA inactive
1 The DMA begins the transfer in accordance to the values in the TCDn. START is cleared

automatically after one module clock and always reads as logic 0.

15-12 Source address modulo

SMOD
Defines the size of the source data circular buffer used by the DMA Controller. If enabled (SMOD is non-
zero), the buffer base address is located on a boundary of the buffer size. The value of this boundary is
based upon the initial source address (SAR). The base address should be aligned to a 0-modulo-(circular
buffer size) boundary. Misaligned buffers are not possible. The boundary is forced to the value determined
by the upper address bits in the field selection.
0000 Buffer disabled
0001 Circular buffer size is 16 bytes
0010 Circular buffer size is 32 bytes
0011  Circular buffer size is 64 bytes
0100 Circular buffer size is 128 bytes
0101 Circular buffer size is 256 bytes
0110 Circular buffer size is 512 bytes
0111  Circular buffer size is 1 KB
1000 Circular buffer size is 2 KB
1001 Circular buffer size is 4 KB
1010 Circular buffer size is 8 KB
1011 Circular buffer size is 16 KB
1100 Circular buffer size is 32 KB
1101  Circular buffer size is 64 KB
1110 Circular buffer size is 128 KB
1111 Circular buffer size is 256 KB

11-8 Destination address modulo
DMOD

Defines the size of the destination data circular buffer used by the DMA Controller. If enabled (DMOD
value is non-zero), the buffer base address is located on a boundary of the buffer size. The value of this
boundary depends on the initial destination address (DAR). The base address should be aligned to a 0-
modulo-(circular buffer size) boundary. Misaligned buffers are not possible. The boundary is forced to the
value determined by the upper address bits in the field selection.

0000 Buffer disabled

0001 Circular buffer size is 16 bytes
0010 Circular buffer size is 32 bytes
0011  Circular buffer size is 64 bytes
0100 Circular buffer size is 128 bytes
0101  Circular buffer size is 256 bytes
0110 Circular buffer size is 512 bytes
0111  Circular buffer size is 1 KB
1000 Circular buffer size is 2 KB
1001 Circular buffer size is 4 KB

Table continues on the next page...
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DMA_DCRn field descriptions (continued)

Field Description
1010 Circular buffer size is 8 KB
1011 Circular buffer size is 16 KB
1100 Circular buffer size is 32 KB
1101  Circular buffer size is 64 KB
1110 Circular buffer size is 128 KB
1111 Circular buffer size is 256 KB
7 Disable request
D_REQ i . . :
DMA hardware automatically clears the corresponding DCRn[ERQ] bit when the byte count register
reaches zero.
0 ERAQ bit is not affected.
1 ERQ bit is cleared when the BCR is exhausted.
6 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
5-4 Link channel control
LINKCC
Allows DMA channels to have their transfers linked. The current DMA channel triggers a DMA request to
the linked channels (LCH1 or LCH2) depending on the condition described by the LINKCC bits.
If not in cycle steal mode (DCRN[CS]=0) and LINKCC equals 01 or 10, no link to LCH1 occurs.
If LINKCC equals 01, a link to LCH1 is created after each cycle-steal transfer performed by the current
DMA channel is completed. As the last cycle-steal is performed and the BCR reaches zero, then the link to
LCH1 is closed and a link to LCH2 is created.
00 No channel-to-channel linking
01 Perform a link to channel LCH1 after each cycle-steal transfer followed by a link to LCH2 after the
BCR decrements to zero
10 Perform a link to channel LCH1 after each cycle-steal transfer
11 Perform a link to channel LCH1 after the BCR decrements to zero
3-2 Link channel 1
LCHH1
Indicates the DMA channel assigned as link channel 1. The link channel number cannot be the same as
the currently executing channel, and generates a configuration error if this is attempted (DSRn[CE] is set).
00 DMA Channel 0
01 DMA Channel 1
10 DMA Channel 2
11 DMA Channel 3
1-0 Link channel 2
LCH2

Indicates the DMA channel assigned as link channel 2. The link channel number cannot be the same as
the currently executing channel, and generates a configuration error if this is attempted (DSRn[CE] is set).

00 DMA Channel 0
01 DMA Channel 1
10 DMA Channel 2
11 DMA Channel 3
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23.4 Functional Description

In the following discussion, the term DMA request implies that DCRn[START] is set, or
DCRn[ERQ] is set and then followed by assertion of the properly selected DMA
peripheral request. The START bit is cleared when the channel is activated.

Before initiating a dual-address access, the DMA module verifies that DCRn[SSIZE] and
DCRn[DSIZE] are consistent with the source and destination addresses. If they are not
consistent, the configuration error bit, DSRn[CE], is set. If misalignment is detected, no
transfer occurs, DSRn[CE] is set, and, depending on the DCR configuration, an interrupt
event may be issued. If the auto-align bit, DCRn[AA], is set, error checking is performed
on the appropriate registers.

A read/write transfer sequence reads data from the source address and writes it to the
destination address. The number of bytes transferred is the largest of the sizes specified
by DCRn[SSIZE] and DCRn[DSIZE] in the DMA Control Registers (DCRn).

Source and destination address registers (SARn and DAR#n) can be programmed in the
DCRn to increment at the completion of a successful transfer.

23.4.1 Transfer Requests (Cycle-Steal and Continuous Modes)

The DMA channel supports software-initiated or peripheral-initiated requests. A request
is issued by setting DCRn[START] or when the selected peripheral request asserts and
DCRn[ERQ] is set. Setting DCR#n[ERQ)] enables recognition of the peripheral DMA
requests. Selecting between cycle-steal and continuous modes minimizes bus usage for
either type of request.

* Cycle-steal mode (DCRn[CS] = 1)—Only one complete transfer from source to
destination occurs for each request. If DCRn[ERQ] is set, the request is peripheral
initiated. A software-initiated request is enabled by setting DCRn[START].

* Continuous mode (DCRn[CS] = 0)—After a software-initiated or peripheral request,
the DMA continuously transfers data until BCRn reaches zero. The DMA performs
the specified number of transfers, then retires the channel.

In either mode, the crossbar switch performs independent arbitration on each slave port
after each transaction.
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23.4.2 Channel Initialization and Startup

Before a data transfer starts, the channel's transfer control descriptor must be initialized
with information describing configuration, request-generation method, and pointers to the
data to be moved.

23.4.2.1 Channel Prioritization

The four DMA channels are prioritized based on number, with channel 0 having highest
priority and channel 3 having the lowest, that is, channel O > channel 1 > channel 2 >
channel 3.

Simultaneous peripheral requests activate the channels based on this priority order. Once
activated, a channel runs to completion as defined by DCRn[CS] and BCRx.

23.4.2.2 Programming the DMA Controller Module

CAUTION
During a channel's execution, writes to programming model
registers can corrupt the data transfer. The DMA module itself
does not have a mechanism to prevent writes to registers during
a channel's execution.

General guidelines for programming the DMA are:
* TCDn is initialized.

* SARn is loaded with the source (read) address. If the transfer is from a
peripheral device to memory or to another peripheral, the source address is the
location of the peripheral data register. If the transfer is from memory to a
peripheral device or to memory, the source address is the starting address of the
data block. This can be any appropriately aligned address.

 DARu~ is initialized with the destination (write) address. If the transfer is from a
peripheral device to memory, or from memory to memory, DAR# is loaded with
the starting address of the data block to be written. If the transfer is from
memory to a peripheral device, or from a peripheral device to a peripheral
device, DARn is loaded with the address of the peripheral data register. This
address can be any appropriately aligned address.
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* SARn and DARn change after each data transfer depending on DCR#n[SSIZE,
DSIZE, SINC, DINC, SMOD, DMOD)] and the starting addresses. Increment
values can be 1, 2, or 4 for 8-bit, 16-bit, or 32-bit transfers, respectively. If the
address register is programmed to remain unchanged, the register is not
incremented after the data transfer.

* BCRn[BCR] must be loaded with the total number of bytes to be transferred. It
is decremented by 1, 2, or 4 at the end of each transfer, depending on the transfer
size. DSRn[DONE] must be cleared for channel startup.

 After the channel has been initialized, it may be started by setting DCRn[START] or
a properly selected peripheral DMA request, depending on the status of
DCRn[ERQ)]. For a software-initiated transfer, the channel can be started by setting
DCRn[STARTT] as part of a single 32-bit write to the last 32 bits of the TCDn; that is,
it 1s not required to write the DCRn with START cleared and then perform a second
write to explicitly set START.

* Programming the channel for a software-initiated request causes the channel to
request the system bus and start transferring data immediately. If the channel is
programmed for peripheral-initiated request, a properly selected peripheral DMA
request must be asserted before the channel begins the system bus transfers.

* The hardware can automatically clear DCRn[ERQ], disabling the peripheral request,
when BCR# reaches zero by setting DCRr[D_REQ)].

* Changes to DCRn are effective immediately while the channel is active. To avoid
problems with changing a DMA channel setup, write a one to DSRrn[DONE] to stop
the DMA channel.

23.4.3 Dual-Address Data Transfer Mode

Each channel supports dual-address transfers. Dual-address transfers consist of a source
data read and a destination data write. The DMA controller module begins a dual-address
transfer sequence after a DMA request. If no error condition exists, DSRn[REQ)] is set.

* Dual-address read—The DMA controller drives the SARn value onto the system
address bus. If DCRn[SINC] is set, the SARn increments by the appropriate number
of bytes upon a successful read cycle. When the appropriate number of read cycles
complete (multiple reads if the destination size is larger than the source), the DMA
initiates the write portion of the transfer.

If a termination error occurs, DSRn[BES, DONE] are set and DMA transactions stop.
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e Dual-address write—The DMA controller drives the DAR#n value onto the system

address bus. When the appropriate number of write cycles complete (multiple writes
if the source size is larger than the destination), DAR# increments by the appropriate
number of bytes if DCRn[DINC] is set. BCRn decrements by the appropriate number
of bytes. DSRn[DONE] is set when BCR#n reaches zero. If the BCRn is greater than
zero, another read/write transfer is initiated if continuous mode is enabled
(DCRn[CS] = 0).

If a termination error occurs, DSR»n[BED, DONE] are set and DMA transactions
stop.

23.4.4 Advanced Data Transfer Controls: Auto-Alignment

Typically, auto-alignment for DMA transfers applies for transfers of large blocks of data.
As a result, it does not apply for peripheral-initiated cycle-steal transfers.

Auto-alignment allows block transfers to occur at the optimal size based on the address,
byte count, and programmed size. To use this feature, DCRn[AA] must be set. The
source is auto-aligned if DCRn[SSIZE] indicates a transfer size larger than
DCRn[DSIZE]. Source alignment takes precedence over the destination when the source
and destination sizes are equal. Otherwise, the destination is auto-aligned. The address
register chosen for alignment increments regardless of the increment value. Configuration
error checking is performed on registers not chosen for alignment.

If BCRn is greater than 16, the address determines transfer size. Transfers of 8 bits, 16
bits, or 32 bits are transferred until the address is aligned to the programmed size
boundary, at which time accesses begin using the programmed size. If BCR# is less than
16 at the start of a transfer, the number of bytes remaining dictates transfer size.

Consider this example:
* AA equals 1.
* SARn equals 0x2000_0001.
* BCRn equals 0x00_00FO.
» SSIZE equals 00 (32 bits).
* DSIZE equals 01 (8 bits).

Because SSIZE > DSIZE, the source is auto-aligned. Error checking is performed on
destination registers. The access sequence is as follows:

1. Read 1 byte from 0x2000_0001, increment SARn, write 1 byte (using DARn).
2. Read 2 bytes from 0x2000_0002, increment SARn, write 2 bytes.
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3. Read 4 bytes from 0x2000_0004, increment SARn, write 4 bytes.
4. Repeat 4-byte operations until SAR#n equals 0x2000_00F0.
5. Read byte from 0x2000_00FO0, increment SAR#n, write byte.

If DSIZE is another size, data writes are optimized to write the largest size allowed based
on the address, but not exceeding the configured size.

23.4.5 Termination
An unsuccessful transfer can terminate for one of the following reasons:

* Error conditions—When the DMA encounters a read or write cycle that terminates
with an error condition, DSRn[BES] is set for a read and DSRn[BED] is set for a
write before the transfer is halted. If the error occurred in a write cycle, data in the
internal holding registers is lost.

e Interrupts—If DCRn[EINT] is set, the DMA drives the appropriate interrupt request
signal. The processor can read DSR# to determine whether the transfer terminated
successfully or with an error. DSRn[DONE] is then written with a one to clear the
interrupt, the DONE, and error status bits.
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Chapter 24
Multipurpose Clock Generator (MCG)

24.1 Introduction
NOTE

For the chip-specific implementation details of this module's
instances see the chip configuration information.

The multipurpose clock generator (MCG) module provides several clock source choices
for the MCU. The module contains a frequency-locked loop (FLL) and a phase-locked
loop (PLL). The FLL is controllable by either an internal or an external reference clock.
The PLL is controllable by the external reference clock. The module can select either of
the FLL or PLL output clocks, or either of the internal or external reference clocks as a
source for the MCU system clock. The MCG operates in conjuction with a crystal
oscillator, which allows an external crystal, ceramic resonator, or another external clock
source to produce the external reference clock.

24.1.1 Features
Key features of the MCG module are:
* Frequency-locked loop (FLL):
* Digitally-controlled oscillator (DCO)
* DCO frequency range is programmable for up to four different frequency ranges.

 Option to program and maximize DCO output frequency for a low frequency
external reference clock source.

* Option to prevent FLL from resetting its current locked frequency when
switching clock modes if FLL reference frequency is not changed.
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* Internal or external reference clock can be used as the FLL source.

* Can be used as a clock source for other on-chip peripherals.
* Phase-locked loop (PLL):

* Voltage-controlled oscillator (VCO)

 External reference clock is used as the PLL source.

* Modulo VCO frequency divider

* Phase/Frequency detector

* Integrated loop filter

* Can be used as a clock source for other on-chip peripherals.
* Internal reference clock generator:

* Slow clock with nine trim bits for accuracy

* Fast clock with four trim bits

» Can be used as source clock for the FLL. In FEI mode, only the slow Internal
Reference Clock (IRC) can be used as the FLL source.

e Either the slow or the fast clock can be selected as the clock source for the MCU.
» Can be used as a clock source for other on-chip peripherals.

* Control signals for the MCG external reference low power oscillator clock generators
are provided:

« HGOO, RANGEO, EREFS0O

» External clock from the Crystal Oscillator :
* Can be used as a source for the FLL and/or the PLL.
* Can be selected as the clock source for the MCU.

» External clock monitor with reset and interrupt request capability to check for
external clock failure when running in FBE, PEE, BLPE, or FEE modes

* Lock detector with interrupt request capability for use with the PLL

* Internal Reference Clocks Auto Trim Machine (ATM) capability using an external
clock as a reference

» Reference dividers for both the FLL and the PLL are provided
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» Reference dividers for the Fast Internal Reference Clock are provided

* MCG PLL Clock (MCGPLLCLK) is provided as a clock source for other on-chip
peripherals

* MCG FLL Clock (MCGFLLCLK) is provided as a clock source for other on-chip
peripherals

* MCQG Fixed Frequency Clock (MCGFFCLK) is provided as a clock source for other
on-chip peripherals

* MCQG Internal Reference Clock (MCGIRCLK) is provided as a clock source for other
on-chip peripherals
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Figure 24-1. Multipurpose Clock Generator (MCG) block diagram
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24.1.2 Modes of Operation

The MCG has the following modes of operation: FEI, FEE, FBI, FBE, PBE, PEE, BLPI,
BLPE, and Stop. For details, see MCG modes of operation.

24.2 External Signal Description
There are no MCG signals that connect off chip.

24.3 Memory Map/Register Definition
This section includes the memory map and register definition.

The MCG registers can only be written when in supervisor mode. Write accesses when in
user mode will result in a bus error. Read accesses may be performed in both supervisor
and user mode.

MCG memory map

22311? Register name (iv:ilgitt:) Access | Reset value S:t;t;c;n/
(hex)
4006_4000 |MCG Control 1 Register (MCG_C1) 8 R/W 04h 24.3.1/372
4006_4001 |MCG Control 2 Register (MCG_C2) 8 R/W 80h 24.3.2/373
4006_4002 |MCG Control 3 Register (MCG_C3) 8 R/W Undefined 24.3.3/374
4006_4003 |MCG Control 4 Register (MCG_C4) 8 R/W Undefined | 24.3.4/374
4006_4004 |[MCG Control 5 Register (MCG_C5) 8 R/W 00h 24.3.5/376
4006_4005 |MCG Control 6 Register (MCG_C6) 8 R/W 00h 24.3.6/377
4006_4006 |[MCG Status Register (MCG_S) 8 R 10h 24.3.7/378
4006_4008 |MCG Status and Control Register (MCG_SC) 8 R/W 02h 24.3.8/380
4006_400A ?,’\'ACC%’j‘XtT"CT\;L‘; Compare Value High Register 8 RIW 00h 24.3.9/381
4006_400B ?:ACC%/_\X?CT\;E‘ Compare Value Low Register 8 R/W 00h 24.3.10/381
4006_400C |MCG Control 7 Register (MCG_C7) 8 R/W 00h 24.3.11/382
4006_400D |MCG Control 8 Register (MCG_C8) 8 R/W 80h 24.3.12/382
4006_400E |MCG Control 9 Register (MCG_C9) 8 R/W 00h 24.3.13/383
4006_400F |MCG Control 10 Register (MCG_C10) 8 R/W 00h 24.3.14/383
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24.3.1 MCG Control 1 Register (MCG_C1)

Address: 4006_4000h base + 0Oh offset = 4006_4000h

Bit 7 6 5 4 | 3 2 1 0
fead CLKS FRDIV IREFS | IRCLKEN | IREFSTEN
Reset 0 0 0 o | o 1 0 0

MCG_C1 field descriptions
Field Description
7-6 Clock Source Select
CLKS
Selects the clock source for MCGOUTCLK .
00 Encoding 0 — Output of FLL or PLL is selected (depends on PLLS control bit).
01 Encoding 1 — Internal reference clock is selected.
10 Encoding 2 — External reference clock is selected.
11 Encoding 3 — Reserved.
5-3 FLL External Reference Divider
FRDIV
Selects the amount to divide down the external reference clock for the FLL. The resulting frequency must
be in the range 31.25 kHz to 39.0625 kHz (This is required when FLL/DCO is the clock source for
MCGOUTCLK . In FBE mode, it is not required to meet this range, but it is recommended in the cases
when trying to enter a FLL mode from FBE).
000 If RANGE 0 =0, Divide Factor is 1; for all other RANGE 0 values, Divide Factor is 32.
001 If RANGE 0 =0, Divide Factor is 2; for all other RANGE 0 values, Divide Factor is 64.
010 If RANGE 0 =0, Divide Factor is 4; for all other RANGE 0 values, Divide Factor is 128.
011 If RANGE 0 = 0, Divide Factor is 8; for all other RANGE 0 values, Divide Factor is 256.
100 If RANGE 0 =0, Divide Factor is 16; for all other RA