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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 microcontroller family.

1.1.2 Audience

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

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

¢ A continuous range of individual signals of a bus

For example, XAD[7:0] refers to signals 7-0 of the XAD bus.

1.2.3 Special terms

The following terms have special meanings:

Term Meaning

asserted

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

deasserted

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

In some cases, deasserted signals are described as negated.

reserved

Refers to a memory space, register, or field that is either
reserved for future use or for which, when written to, the
module or chip behavior is unpredictable.
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Chapter 2
Introduction

2.1 KM family introduction

KM family of devices are 32-bit MCUs in 90nm Thin Film Storage (TFS) embedded
flash technology. These devices are primarily focused to serve the metering markets for
smart single-phase energy meters (India and China) and two-phase meters (US, Japan,
and Europe). KM family targets EN 50470-1, EN 50470-3, IEC 62053-21, IEC
62053-22, and IEC 62053-23 class of meters.

KM devices are based on 32-bit ARM Cortex M0+ core with integrated Analog Front
End (AFE). CPU clock rates on these devices can reach up to 50 MHz. The KM family of
devices includes highly accurate Sigma Delta (SD) ADC, Programmable Gain Amplifier
(PGA), high precision internal voltage reference, flash, RAM, phase compensation logic
block and other peripherals. KM family provides tamper detection and accurate real time
clock on all devices.

2.2 Detailed block diagram
The following figure shows the detailed block diagram for KM family of
micorcontrollers:
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Figure 2-1. Detailed block diagram

2.3 KM feature set

KM family of devices have the following features:

Table 2-1. KM feature set

Features Description

Operating Characteristics * Voltage range 1.71V - 3.6V (without AFE)

* Voltage range 2.7V - 3.6V (with AFE)

* Flash programming voltage from 1.71 V t0 3.6 V
* iRTC battery supply range 1.71V to 3.6 V

* Temperature range (Ta) -40°C to 85°C

¢ Flexible modes of operation

Table continues on the next page...
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Table 2-1. KM feature set (continued)

Features

Description

Core

High Performance ARM Cortex MO+ Core
Upto 50 MHz of Core Clock Frequency
Supports v6-M Instruction Set Architecture (ISA)
including all 16-bit v7-M instructions plus a number of
32-bit Thumb-2 instructions
100% compatible with Cortex MO
0.95 DMIPS per MHz performance when executing
from internal RAM
Nested Vectored Interrupt Controller

e 32 vectored interrupts

* 4 programmable priority levels

Clocks

MHz Oscillator
¢ Mid Range: 1 MHz to 8 MHz
¢ High Range: 8 MHz to 32 MHz
32.768 kHz crystal oscillator in iRTC power domain
Two internal trim-able clock references
e 32 kHz
* 4 MHz
Internal 1 kHz low power oscillator
PLL to generate clocks for AFE
* Input range: 31.25 kHz to 39.0625 kHz
e Qutput range: 11.72 MHz to 14.65 MHz
FLL to generate core, system & flash clocks
* Input range: 31.25 kHz to 39.0625 kHz
¢ Output Range: 20 MHz to 50 MHz
Clock ratio
* Core:Bus:Flash = 2:1:1 for core clock > 25 MHz
» Core:Bus:Flash = 2:1:1 for core clock > 25 MHz
and high ESD environment
* NOTE: Bus clock must be configured to be higher
than equal to 64 kHz

Analog

24 bit Sigma Delta ADC
¢ Can operate in RUN, VLPR, STOP & PSTOP1
modes
PGA with gains from 1 to 32
1.2V VREF
16-bit SAR ADC
CMP with 6-bit DAC

Table continues on the next page...
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Table 2-1. KM feature set (continued)

Features Description

System, protection and power management features ¢ Various stop, wait, and run modes to provide lower
power based on application needs

¢ AWIC to wakeup from STOP and VLPS modes

* Peripheral clock enable register can disable clocks to
unused modules, thereby reducing currents

* Low voltage warning and detect with selectable trip
points

¢ lllegal opcode and illegal address detection with reset

e Hardware Programmable CRC module to support fast
cyclic redundancy checks (CRC)

* Random Number Generator (RNGA)

* 128-bit unique chip identifier

» Software and hardware watchdog with external monitor
pin

¢ 4 Tamper inputs for Tamper Detection (Part of iRTC)

¢ Flash security and block protection

» Peripheral crossbar to allow internal signal remapping
for flexibility

Debug e 2-pin Serial Wire Debug (SWD) - Standard ARM debug
interface

DMA * 4 channel DMA
* No support for Scater/Gather

Timers * Independent Real Time Clock (iRTC) independently
powered by battery and on-chip crystal clock drift
compensation.

¢ Quad Timer (4 channels)

¢ Programmable Interrupt Timer (PIT)

¢ Low-power timer (LPTMR)

Communications * Universal asynchronous receiver/transmitter UART (all
supporting hardware flow control)
* w/1SO 7816 (on 2 UART)
* IrDA capability on all UART (one can be used at a
time)
e w/ DMA (all UARTS)
e 1 UART with 5V AMR support (UART1)
 Serial Peripheral Interface (SPI) with FIFO (SPI1) and
without FIFO (SPI0)
* 1 SPI with 5V AMR support (SPI1)
¢ Inter-Integrated Circuit (12C) (x2) with SMBUS protocol
support

Input/Output ¢ Upto 9 eGPIOs ports and 1 port with digital glitch filters
* Pin interrupt/DMA request capability
¢ eGPIO pins connected to the processor’s local 32-bit
platform bus (RGPIO)
¢ eGPIO pins also accessible via IPS bus accesses
(protected via AIPS)
* eGPIO module to have inbuilt access protection

Memory 128 KB / 64 KB single array Flash
Flash memory read and write down to 1.71V
No FlexMemory
Core:Flash frequency is 2:1
* 1:1 for low core frequency (<= 25 MHz)

* 16 KB of single access RAM

Table continues on the next page...
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Table 2-1. KM feature set (continued)

Chapter 2 Introduction

Features

Description

Display

* 4x40 Segment LCD
8x36 Segment LCD
3V LCD glass supported with segment fault detection

Power Consumption

RUN Mode (all modules OFF): 6.0 mA
* IDD Equation: 1.14 mA + 97 pA/MHz

Please refer to Power Modes section for more details.

NOTE

Features will vary from device to device. See next section for

exact details.

2.4 Device configuration

The following table lists the device configuration for KM microcontroller and its

phantoms:

Table 2-2. Device configuration

Configuration/Module | 100 LQFP | 44 LGA 64 LQFP
General
Maximum CPU frequency (MHz) 50 50 50
Dimensions (mm2) 14 x 14 mm? 5x 5 mm? 10 x 10 mm2
Core, Platform and Debug
DMA 4 ch 4 ch 4 ch
MPU 1 1 1
Peripheral XBAR (# of 10 supported) upto 9 inputs and 9 upto 5 inputs and 5 upto 7 inputs and 7
outputs outputs outputs
Single Wire Debug (SWD) 1 1 1
System Security and Integrity
Cyclic redundancy check (CRC) 1 1 1
RNGA (Random Number Generator) 1 1 1
Watchdog timer 1 1 1
External Watchdog Monitor 1 1 1
Passive Tamper Pins’ 3 1 1
Active Tamper Pins One pair NA NA
Embedded Memory
Flash memory (KB) 128/64 128/64 128/64
RAM (KB) 16 16 16

Clock Generator

Table continues on the next page...
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Table 2-2. Device configuration (continued)

(32 kHz or 4 MHz)

PLL (32.768 kHz
reference)

Configuration/Module 100 LQFP 44 LGA 64 LQFP
System OSC Low frequency: 31.25 — | Low frequency: 31.25 — -
39.0625 KHz 39.0625 KHz
High frequency low High frequency low
range: 1 — 8 MHz range: 1 — 8 MHz

High frequency high High frequency high

range: 8 — 32 MHz range: 8 — 32 MHz
MCG FLL + Internal OSC FLL + Internal OSC FLL + Internal OSC

(32 kHz or 4 MHz)

PLL (32.768 kHz
reference)

(32 kHz or 4 MHz)

PLL (32.768 kHz
reference)

Real Time Clock (32 kHz OSC)

1

1

1

Timer/PWM

QuadTimer

1 with 4 channels

1 with 4 channels

1 with 4 channels

Low power timer (LPTMR)

1

1

1

Periodic Interrupt Timer(PIT)

2

2

2

Communication Interfaces

UART 2 4 (1 support 5V AMR) |2 (1 supports 5V AMR) | 4 (1 support 5V AMR)
SPI (16-bit) 2 (1 supports 5V AMR) | 2 (1 supports 5V AMR) 2 (No 5V AMR)
12C 2 1 2
Analog
24-bit Analog Front End?
¢ Total dedicated SD ADC differential Upto2 2 Upto2
channels (for current measurement) with
PGA Upto2 Upto2 1
¢ Total dedicated SD ADC single ended/
differential channels (for voltage
measurement). No PGA.
16 bit SAR ADC 1 1 1
Total Single Ended Channels for SAR ADC 12 5 6
1.2V VREF 1 1 1
CMP 2 2 2
(Number of Channels) (12) (6) (8)
Human Machine Interface
Segmented LCD 4x40 (8x36) NA 4x24 (8x20)
Total GPIO pins 68 20 38

eGPIO

All GPIO pins (when
accessed via Core's
IOPORT)

All GPIO pins (when
accessed via Core's
IOPORT)

All GPIO pins (when
accessed via Core's
IOPORT)

1. These pins also used for Active Tamper

2. Any UART can be selected for IrDA. But only one IrDA communication is supported (enforced via XBAR)
3. See Supported Packages section for exact number of supported channels
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Please refer to "Support Packages" section for exact number of
SD channels, memory and LCD options.

2.5 Modules on the device

2.5.1 Platform modules

The following table lists all platform modules that are available on this device:

Table 2-3. Platform modules

Module

Description

Reference

ARM Cortex-MO0+ core

The Cortex-MO+ processor is an entry-level 32-
bit ARM Cortex processor designed for a broad
range of embedded applications.
¢ Upto 50 MHz of Core Clock Frequency
¢ Supports v6-M Instruction Set Architecture
(ISA) including all 16-bit v7-M instructions
plus a number of 32-bit Thumb-2
instructions
* 100% compatible with Cortex MO
* 0.95 DMIPS per MHz performance when
executing from internal RAM
* Nested Vectored Interrupt Controller
e 32 vectored interrupts
* 4 programmable priority levels
User and privileged mode execution
Single-cycle 32-bit hardware multiplier
Low latency, high-speed peripheral 1/O port
A Vector Table Offset Register

For ARM processor documentation, refer to
arm.com

Nested Vectored
Interrupt Controller
(NVIC)

External interrupt signals connect to the NVIC,
and the NVIC prioritizes the interrupts. Software
can set the priority of each interrupt. The NVIC
and the Cortex-MO+ processor core are closely
coupled, providing low latency interrupt
processing and efficient processing of late
arriving interrupts.

All NVIC registers are only accessible using word
transfers. Any attempt to read or write a halfword
or byte individually is Unpredictable.

NVIC registers are always little-endian.
Processor accesses are correctly handled
regardless of the endian configuration of the
processor.

Full documentation for this module is provided by
ARM and can be found at http://www.arm.com

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

Module Description Reference
Asynchronous Wake-up | The primary function of the Asynchronous Wake- | Full documentation for this module is provided by
Interrupt Controller up Interrupt Controller (AWIC) is to detect ARM and can be found at http://www.arm.com
(AWIC) asynchronous wake-up events in stop modes

and signal to clock control logic to resume
system clocking. After clock restart, the NVIC
observes the pending interrupt and performs the
normal interrupt or event processing.

Debug Interfaces Two pin Serial Wire Debug (SWD) - Standard For ARM debug documentation, refer to ARM
ARM debug interface

Debug Interface -
IHI0031A_ARM_debug_interface_v5.pdf at http://
www.arm.com

2.5.2 System modules

The following system modules are available on this device:

Table 2-4. System modules

Module

Description

DMA Controller

Four independently programmable DMA controller channels provides the
means to directly transfer data between system memory and I/O peripherals
DMA controller can operate in run and wait modes

Dual-address (source, destination) transfers via 32-bit master connection to
the system bus

Data transfers in 8-, 16-, or 32-bit accesses

Continuous-mode or cycle-steal transfers from software initiated or
peripheral paced transfers

Programmable request per channel selected from 16 possible sources

Crossbar Switch (AXBS)

Hardware interconnect matrix interfacing bus masters to bus slaves
Supports 2 masters and 3 slaves

Two-stage pipelined AMBA-AHB system bus protocol

Support for concurrent data transfers to slave targets
Programmable fixed priority or round robin arbitration

Memory Protection Unit (MPU)

Concurrently monitors and evaluates access controls for 2 slave transfers
Supports 8 memory region descriptors, each 128 bits in size defining start
and end addresses and access rights

Detects access protection errors if a memory reference does not hit in any
memory region, or if the reference is illegal in all memory regions hit. If an
access error occurs, the reference is terminated with an error response, and
the MPU inhibits the bus cycle being sent to the targeted slave device.
64-bit error registers (one per slave port) capture the last faulting address,
attributes, and other information

Global MPU enable/disable control bit

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

Table continues on the next page...

KM Family Reference Manual, Rev. 1, 09/2014

48

Freescale Semiconductor, Inc.


http://www.arm.com
http://www.arm.com
http://www.arm.com

g |

Chapter 2 Introduction

Table 2-4. System modules (continued)

Module

Description

Power Management Controller (PMC)

Separate digital (regulated) and analog (referenced to digital) supply outputs

Programmable power saving modes

No output supply decoupling capacitors required

Available wake-up from power saving modes via RTC and external inputs
Integrated Power-on Reset (POR)

Integrated Low Voltage Detect (LVD) with reset (brownout) capability
Selectable LVD trip points

Programmable Low Voltage Warning (LVW) interrupt capability

Buffered bandgap reference voltage output

Factory programmed trim for bandgap and LVD

1 kHz Low Power Oscillator (LPO)

System Integration Module(SIM)

System clocking configuration
* System clock divide values
¢ Architectural clock gating control
* LPTPM clock selection

Flash and System RAM size configuration

LP Timer external clock and input capture selection
Compiled memory self-time control

Quadtimer Clock Selection

DMA Done flag selection

Selectable clock for CLKOUT pin

UART Receive/Transmit select

PITO or PIT1 output selection

External Watchdog Monitor (EWM)

Independent 1 kHz LPO clock source
Programmable time-out period specified in terms of number of EWM LPO
clock cycles
Windowed refresh option

* Provides robust check that program flow is faster than expected

¢ Programmable window

* Refresh outside window leads to assertion of EWM_out
Robust refresh mechanism

* Write values of 0xB4 and 0x2C to EWM Refresh Register within

(EWM_service_time) peripheral bus clock cycles

One output port, EWM_out, when asserted is used to reset or place the
external circuit into safe mode
One Input port, EWM_in, allows an external circuit to control the EWM_out
signal

Watchdog Timer (WDOG)

IEC 60730 compliant watchdog monitor

Independent, configurable clock source input

Write-once control bits with unlock sequence

Programmable timeout period

Ability to test watchdog timer and reset

Windowed refresh option

Robust refresh mechanism

Cumulative count of watchdog resets between power-on resets
Configurable interrupt on timeout

Inter-Peripheral Crossbar Switch (XBAR)

33 identical 33-input muxes with individual select fields.
Edge detection with associated interrupt or DMA request generation for a
subset of mux outputs.

Memory mapped registers with IPBus interface for select and control fields.

Register write protection input signal.
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2.5.3 Clock

The following clocks are available on this device:

Table 2-5. Clock modules

Module Description

Clock ¢ Frequency-Locked Loop (FLL)

* Digitally controlled oscillator (DCO) with programmable frequency
range

* Option to program DCO frequency for a 32.768 kHz external reference
clock source

* Internal or external reference clock can be used to control the FLL

¢ Phase-Locked Loop (PLL)

* Fixed multiplier to get Voltage-Controlled Oscillator (VCO) frequency
for a 31.25 kHz to 39.0625 kHz (typ. 32.768 kHz) external reference
clock source input range

* VCO frequency range 11.71875 MHz @ 31.25 kHz to 14.6484375
MHz @ 39.0625 kHz (typ. 12.288 MHz @ 32.768 kHz)

¢ Modulo VCO frequency divider phase/frequency detector

¢ Integrated loop filter

¢ Primarily drives the AFE clock

¢ Internal Reference Clock (IRC) generator

* 32 kHz low range clock with 9 trim bits for accuracy

e 2 MHz fast clock with 3 trim bits

* Low range clock can be used to control the FLL

* Low range or fast clock can be selected as MCU's clock source

¢ Can be used as a clock source for other on-chip peripherals

* External Clock (ERCLK) from the Crystal Oscillator (XOSC)

* Can be used as the FLL and/or PLL source

* Can be selected as the clock source for the MCU. This can impact
AFE accuracy and is not preferred when using AFE for metering.

e External clock monitor with reset request capability

¢ Lock detector with interrupt request capability for use with the PLL

e Auto Trim Machine (ATM) for trimming both the low range and fast internal
reference clocks

* Reference dividers for FLL are provided

¢ Clock source selected can be divided down by 1, 2, 4, 8, or 16

2.5.4 Security modules

The following security modules are available on this device:
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Table 2-6. Security modules

Module

Description

Programmable CRC (PCRC)

Hardware CRC generator circuit using 16/32-bit shift register

User Configurable 16/32 bit CRC

Programmable Generator Polynomial

Error detection for all single, double, odd, and most multi-bit errors
Programmable initial seed value

High-speed CRC calculation

Optional feature to transpose input data and CRC result via transpose
register, required on applications where bytes are in LSB format

Random Number Generator (RNGA)

RNGA can be used along with software to attain NIST SP800-90 standards
National Institute of Standards and Technology (NIST)-approved pseudo-
random number generator http://csrc.nist.gov

Supports the key generation algorithm defined in the Digital Signature
Standard http://www.itl.nist.gov/fipspubs/fip186.htm

Integrated entropy sources capable of providing the PRNG with entropy for
its seed

2.5.5 Analog modules

The following analog modules are available on this device:

Table 2-7. Analog modules

Module

Description

Analog Front End (AFE)

Four Independent 16-bit 2nd Order Sigma Delta ADC for simultaneous
voltage and current sampling
24-bit AFE dynamic range for energy calculations (after averaging)
Two Continuous Time Programmable Gain Amplifiers (PGA)
PGA with gains from 1x to 32x (1, 2, 4, 8, 16, and 32)
Fixed Gain of 32 for shunt Resistor
Final SD ADC sample rate selectable from 3 kHz to 96 kHz (3 kHz, 6 kHz, 12
kHZ, 24 kHz, 48 KHz, 96 KHz) (OSR in range 2048x down to 64x)
Modes of operation

¢ Normal mode (Higher accuracy)

¢ Low power mode (lower accuracy)
On chip phase compensation and decimation
Separate controls to enable or disable PGA, ADC, filters individually.
Synchronized start of operation
Supports current transformer, shunt resistor, Rogowski coil
Support for interfacing with external Sigma Delta Modulators
+/-250mV (1 Vpp differential, 0.5 Vpp single ended), input range for both
differential and single ended inputs
Temperature Stable 1.2V Voltage Reference @ 15 PPM (TBD)! with trim
capability
Conversion ready signals asserted when conversion results are moved to the
corresponding result registers
AFE clocked from dedicated PLL. Option to run AFE with other clock sources
but at reduced accuracy.
Optimized for IEC50470 Class C: 0.15-5(150)A and ANSI C 12.20 Class 0.1,
3-50(320)A

Table continues on the next page...
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Table 2-7. Analog modules (continued)

Module Description

High Speed Comparator (CMP) » 6-bit DAC programmable reference generator output
* Up to seven selectable comparator inputs; each input can be compared with
any input by any polarity sequence
* Differential input on 2 comparator channels (CMP1) to support zero crossing
detection on voltage channels of AFE. These can be used as stand alone
channels also. CMPO channels can be used to implement IrDA
communication along with UART
» Selectable interrupt on rising edge, falling edge, or either rising or falling
edges of comparator output
* Comparator output supports:
e Sampled
¢ Windowed (ideal for certain PWM zero-crossing-detection applications
 Digitally filtered using external sample signal or scaled peripheral clock

¢ Two performance modes:
* Shorter propagation delay at the expense of higher power
e Low power, with longer propagation delay

¢ Operational in all MCU power modes

Voltage Reference (VREF) * Programmable trim register with 0.5 mV steps, automatically loaded with
room temp value upon reset
* Programmable mode selection:
* Off
e Bandgap out (or stabilization delay)
* Low-power buffer mode
 Tight-regulation buffer mode

* 1.2 V output with 15 ppm (TBD)' at room temperature
Dedicated output pin

Analog-to-Digital Converter (SAR ADC) 16-bit resolution

Up to 32 kHz sampling rate

Dedicated internal input for offset calibration

Single or continuous conversion modes
Programmable clock source (bus or alternate)
Programmable voltage reference (internal or external)

DMA support

1. Value will be updated based on Silicon results

2.5.6 Timer modules

The following timer modules are available on this device:

Table 2-8. Timer modules

Module Description

Periodic Interrupt Timer (PIT) * Up to two general purpose interrupt timers
* Up to two interrupt timers for triggering ADC conversions
* 32-bit counter resolution

* Clocked by system clock frequency

e DMA support

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

Module Description

Low Power Timer (LPTMR) » Operation as timer or pulse counter
» Selectable clock for prescaler/glitch filter
* 1 kHz internal LPO
¢ External low power crystal oscillator
* Internal reference clock (not available in low leakage power modes)
» Secondary external reference clock (for example, 32 kHz crystal)
» Configurable glitch filter or prescaler
¢ Interrupt generated on timer compare
e Hardware trigger generated on timer compare

Independent Real Time Clock (iRTC) ¢ Independent Power Supply, POR with brownout detection and 32 kHz
Crystal Oscillator
* On-chip Hardware Calendaring
* Programmable alarm with interrupt
¢ Hardware compensation to compensate the 1 Hz clock
e Support for Coarse and Fine Compensation
32 bytes Battery backed Memory
Support for upto 3 Passive external tampers
Upto 2 Active Tamper pins
Write Protection Mechanism
Power Supply Glitch Detector
Tamper Queue for storing upto 4 tamper events along with time stamp
IRTC operation from 1.71V to 3.6V
Ultra low power IRTC operation (< 1pA)

Quad Timer (TMR) Four 16-bit counters/timers

Counters are cascadable

Max count rate equals peripheral clock for internal clocks
Max count rate equals peripheral clock/2 for external clocks
Programmable count modulo

Count once or repeatedly

Separate prescaler for each counter

Each counter has capture and compare capability

2.5.7 Communication interfaces

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

Module Description

Master and slave mode

Full-duplex, three-wire synchronous transfers
Programmable transmit bit rate

Double-buffered transmit and receive data registers
Serial clock phase and polarity options

Slave select output

Mode fault error flag with CPU interrupt capability
Control of SPI operation during wait mode

Selectable MSB-first or LSB-first shifting
Programmable 8-bit or 16-bit data transmission length
Receive data buffer hardware match feature

64-bit FIFO mode for high speed transfers of large amounts of data (SPI0O
only)

* 5V AMR support on one SPI (SPI1)

e Support for both transmit and receive by DMA

Serial Peripheral Interface (SPI)

Inter-Integrated Circuit (12C) * Compatible with I12C bus standard and SMBus Specification Version 2
features

Up to 100 kbps with maximum bus loading

Multi-master operation

Software programmable for one of 64 different serial clock frequencies
Programmable slave address and glitch input filter

Interrupt or DMA driven byte-by-byte data transfer

Arbitration lost interrupt with automatic mode switching from master to slave
Calling address identification interrupt

Bus busy detection broadcast and 10-bit address extension

Address matching causes wake-up when processor is in low power mode

Table continues on the next page...
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Table 2-9. Communication modules (continued)

Module Description

Universal Asynchronous Receiver/
Transmitter (UART)

Support for ISO 7816 protocol for interfacing with smart cards
Full-duplex operation
Standard mark/space non-return-to-zero (NRZ) format
13-bit baud rate selection with fractional divide of 32
Programmable 8-bit or 9-bit data format
Separately enabled transmitter and receiver
Programmable transmitter output polarity
Programmable receive input polarity
13-bit break character option
11-bit break character detection option
Parameterizable buffer support for one dataword for each transmit and
receive
* Independent FIFO structure for transmit and receive
e Two receiver wakeup methods:

¢ |dle line wakeup

¢ Address mark wakeup
* Address match feature in receiver to reduce address mark wakeup ISR

overhead
* Ability to select MSB or LSB to be first bit on wire
» Hardware flow control support for request to send (RTS) and clear to send
(CTS) signals

* Interrupt-driven operation with 11 flags:

* Transmitter data buffer at or below watermark

e Transmission complete

* Receiver data buffer at or above watermark
Idle receiver input
Receiver overrun
Receiver data buffer underflow
Noise error
Framing error

* Parity error
¢ Active edge on receive pin

Receiver framing error detection
Hardware parity generation and checking
1/16 bit-time noise detection
DMA requests

2.5.8 Human-machine interfaces

The following Human-Machine Interfaces (HMI) are available on this device:
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Table 2-10. HMI modules

Module Description

Segment LCD(SLCD) * LCD waveforms functional in low-power modes
* Up to 44 LCD pins with selectable front plane/back plane configuration
¢ Generate up to 40 front plane signals
* Generate up to 8 back planes signals
* Programmable LCD frame frequency
¢ Programmable blink modes and frequency
* All segments blank during blink period
» Alternate display for each LCD segment in x4 or less mode
¢ Blink operation in low-power modes
* Programmable LCD power supply switch, making it an ideal solution for
battery-powered and board-level applications
e Charge pump requires only four external capacitors
* Internal LCD power using VDD
* Internal VIREG regulated power supply option for 3 V LCD glass
e External VLL3 power supply option (3 V)
* Internal-regulated voltage source with a 4-bit trim register to apply contrast
control
* Integrated charge pump for generating LCD bias voltages Hardware-
configurable to drive 3 V LCD panels On-chip generation of bias voltages
* Waveform storage registers
e Backplane reassignment to assist in vertical scrolling on dot-matrix displays
» Software-configurable LCD frame frequency interrupt

Enhanced general purpose input/output * Programmable glitch filter on up to 8 input pins and interrupt with selectable
(eGPIO) polarity on all input pins

¢ Independent pin value register to read logic level on digital pin

» Configurable data direction & pin enable on all pins

* Protected access to all GPIO registers

Dual access to GPIO registers
* Single cycle access with zero wait states (IOPORT access)
* Access via AIPS slave port (non-zero wait states)
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Chapter 3
Chip Configuration

3.1 Introduction

This chapter provides details on the individual modules of the micro-controller. It
includes:

* module block diagrams

* specific module-to-module interactions, instantiation information, clocking
requirements, module-to-IO interactions, and

e links for more information.

3.2 Core modules

3.2.1 ARM Cortex-M0+ Core 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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Debug

Interrupts

Flash
Controller
Crossbar
MPU \
Switch
SRAM
Controller

ARM Cortex-MO+

Core

PPB

PPB Modules

Table 3-1.

Figure 3-1. Core configuration

Reference links to related information

Topic

Related module

Reference

Full description

ARM Cortex-M0+ core

ARM Cortex-M0+ Technical Reference Manual can be found at http://

www.arm.com

System memory map

System memory map

Clocking

Clocking

Power management

Power mangement

System/instruction/data

Crossbar switch

Crossbar switch

bus module
Debug Serial Wire Debug Debug
(SWD)
Interrupts Nested Vectored NVIC

Interrupt Controller
(NVIC)

3.2.2 ARM Cortex MO+ core

The ARM Cortex M0+ parameter settings are as follows:
Table 3-2. 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 Supports any AHB debug access port (like the
CM4 DAP)
DAP ROM Table Base BASEADDR 0xF000_2003 Base address for DAP ROM table
Endianess BE 0 Little endian control for data transfers
Breakpoints BKPT 2 Implements 2 breakpoints
Debug Support DBG 1 = Present —
Halt Event Support HALTEV 1 = Present —
1/0 Port IOP 1 = Present Implements single-cycle Id/st accesses to
special address space

Table continues on the next page...
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Table 3-2. ARM Cortex-M0+ parameter settings (continued)
Parameter Verilog name Value Description
IRQ Mask Enable IRQDIS 0x00000000 Assume (for now) all 32 IRQs are used (set if
IRQ is disabled)
Debug Port Protocol JTAGNnSW 0=S8SWD SWD protocol, not JTAG
Core Memory Protection MPU 0 = Absent No MPU
Number of IRQs NUMIRQ 32 Assume full NVIC request vector
Reset all registers 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 wake-up IRQs is 34
Watchpoints WPT 2 Implements two watchpoints

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

3.2.3 Buses, interconnects, and interfaces

The ARM Cortex-MO+ core has two system bus interfaces:
* Single 32-bit AMBA-3 AHB-Lite system interface that provides connections to all
system memory (flash, RAM) and peripherals
* Single 32-bit I/O Port bus interfacing to the device pads (all GPIO pins) with 1-cycle
loads and stores. This port is connected to eGPIO module.

3.2.4 System tick timer

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

KM family of devices supports the standard ARM 2-pin Serial Wire Debug (SWD)
debug port only, which provides an efficient pin interface.

3.2.6
This device supports four priority levels for interrupts in the NVIC.

Interrupt priority levels

3.2.7 Performance targets

This device targets maximum core operating frequency of 50 MHz. The CMO+ core is a
high efficient processor core achieving 0.95 DMIPS/MHz when executing from single-
cycle access memories.

3.2.8 Nested Vectored Interrupt Controller (NVIC) configuration

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

imerpts m
le———

. o

. o

. L

Nested Vectored
Interrupt Controller
(NVIC)

PPB

ARM Cortex-M0+
core

Figure 3-2. NVIC configuration

Table 3-3. Reference links to related information

Related module Reference

Nested Vectored
Interrupt Controller
(NVIC)

Topic

ARM Cortex-M0+ Technical Reference Manual can be found at http://
www.arm.com

Full description

System memory map

System memory map

Clocking

Clocking

Power management

Power mangement

Private Peripheral Bus
(PPB)

ARM Cortex-M0+ core

ARM Cortex-M0+ core
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3.2.8.1 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 0j0ofojo0jf0|O 0j0ofojo0jo0|O 0j0ofojo0jo0|O 0jofojojo0|o0
IRQ3 IRQ2 IRQ1 IRQO

3.2.8.2 Non-maskable interrupt

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

3.2.8.3 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 3-5. Interrupt vector assignments

Address | Vectorl IRQ number | Source module | Source description

ARM Core System Handler Vectors
- ARM core Initial Stack Pointer

0x0000_0000
0x0000_0004
0x0000_0008
0x0000_000C
0x0000_0010
0x0000_0014
0x0000_0018
0x0000_001C
0x0000_0020
0x0000_0024
0x0000_0028

- ARM core Initial Program Counter
- ARM core Non-Maskable Interrupt (NMI)
- ARM core Hard Fault

|l N|ojo|h|[fwWwW|INM|—=]|O
|

—_
o

Table continues on the next page...
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Table 3-5. Interrupt vector assignments (continued)

Address Vector IRQ number Source module Source description
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 On Platform Vectors
0x0000_0040 16 0 DMA DMA channel 0 transfer complete
0x0000_0044 17 1 DMA DMA channel 1 transfer complete
0x0000_0048 18 2 DMA DMA channel 2 transfer complete
0x0000_004C 19 3 DMA DMA channel 3 transfer complete
Off Platform IRQ Vectors
0x0000_0050 20 4 SPIO ORed Interrupt SPIO
0x0000_0054 21 5 SPI1 ORed Interrupt SPI1
0x0000_0058 22 6 PMC Low-voltage detect, low-voltage warning
0x0000_005C 23 7 TMR_O Quad Timer Channel0
0x0000_0060 24 8 TMR_1 Quad Timer Channel1
0x0000_0064 25 9 TMR_2 Quad Timer Channel2
0x0000_0068 26 10 TMR_3 Quad Timer Channel3
0x0000_006C 27 11 PITO/PITA ORed Interrupt of PITs
0x0000_0070 28 12 LLWU Low Leakage Wakeup
0x0000_0074 29 13 Flash ORed interrupt for Flash Command
Complete/Read collision
0x0000_0078 30 14 CMPO/CMP1 ORed Interrupt of PRACMP
0x0000_007C 31 15 SLCD ORed Interrupt of SLCD
0x0000_0080 32 16 ADC ORed Interrupt from SAR
0x0000_0084 33 17 PTx ORed Interrupt from all GPIO (PTx) ports
0x0000_0088 34 18 RNGA ORed Interrupt from RNGA
0x0000_008C 35 19 UARTO/UART1 ORed Interrupt UARTO and UART1
0x0000_0090 36 20 UART2/UARTS3 ORed Interrupt UART2 and UART3
0x0000_0094 37 21 AFE_CHO AFE Channel 0 ORed Interrupt
0x0000_0098 38 22 AFE_CH1 AFE Channel 1 ORed Interrupt
0x0000_009C 39 23 AFE_CH2 AFE Channel 2 ORed Interrupt
0x0000_00A0 40 24 AFE_CHS3 AFE Channel 3 ORed Interrupt
0x0000_00A4 41 25 iRTC iRTC Interrupt
0x0000_00A8 42 26 12C0/12CA ORed 12C interrupt
0x0000_00AC 43 27 EWM External Watchdog Monitor
0x0000_00B0 44 28 MCG MCG Loss of Clock, Loss of Lock
0x0000_00B4 45 29 WDOG ORed WDOG Interrupt
0x0000_00B8 46 30 LPTMR ORed LPTMR Interrupt

Table continues on the next page...
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Table 3-5. Interrupt vector assignments (continued)

Address Vector IRQ number Source module Source description
0x0000_00BC 47 31 XBAR Peripheral XBAR ORed Interrupt

3.2.9 Asynchronous Wake-up Interrupt Controller (AWIC)
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.

Clock logic

Wake-up
requests

Asynchronous
Wake-up Interrupt -

Controller (AWIC) : :

Nested vectored
interrupt controller
(NVIC)

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

Table 3-6. Reference links to related information

Topic Related module Reference
System memory map — System memory map
Clocking — Clocking

Power management — Power mangement
Nested Vectored NVIC
Interrupt Controller
(NVIC)
Wake-up requests — AWIC wake-up sources

3.2.9.1 Wake-up sources

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

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

Wake-up source Description

Available system resets RESET pin and WDOG when LPO is its clock source

Table continues on the next page...
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Table 3-7. AWIC Stop and VLPS Wake-up Sources (continued)

Wake-up source Description
Low-voltage detect Mode Controller!
Low-voltage warning Mode Controller!
Pin interrupts Port Control Module - Any enabled pin interrupt is capable of waking the system
ADCx The ADC is functional when using internal clock source
CMPx Since no system clocks are available, functionality is limited
12C Address match wakeup (on all I2Cs)
UART Active edge on RXD (on all UARTS)
LPTMR Functional in Stop/VLPS modes
iRTC Interrupt Functional in Stop/VLPS modes (this includes the tamper event)
iRTC Alarm Functional in Stop/VLPS modes
AFE Optionally active in Stop/VLPS modes
NMI NMI_B functionality enabled on PTA4 pin
MCG MCG Loss of clock and loss of lock interrupts, if configured appropriately.?

1. Only in STOP mode. LVD, LVW disabled in VLPS mode.
2. Only in STOP mode.

NOTE
Any module that is Optionally active in STOP/VLPS modes
and capable of generating asynchronous interrupt can wakeup
the system. The above table lists the sources which must be
available.

3.3 System modules

3.3.1 SIM Configuration

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

Register
access

System integration
module (SIM)

Figure 3-4. SIM configuration

Table 3-8. Reference links to related information

Topic

Related module

Reference

Full description

SIM

SIM

System memory map

System memory map

Clocking

Clocking

Power management

Power mangement

3.3.2 PMC Configuration

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

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

Peripheral
bridge

Register
access

Mode controller

Power management
controller (PMC)

Figure 3-5. PMC configuration

Table 3-9. Reference links to related information

Topic

Related module

Reference

Full description

PMC

PMC

System memory map

System memory map

Power management

Power mangement

Full description

System Mode
Controller (SMC)

System Mode Controller

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

Topic Related module Reference
Low-Leakage Wakeup LLWU
Unit (LLWU)
Reset Control Module Reset
(RCM)

3.3.3 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.

Peripheral
bridge

Register
access
Wakeup

Power Management
Controller (PMC)

requests

Low-Leakage Wakeup

Unit (LLWU) .

Figure 3-6. Low-Leakage Wake-up Unit configuration

Table 3-10. Reference links to related information

Topic

Related module

Reference

Full description

LLWU

LLWU

System memory map

System memory map

Clocking

Clocking

Power management

Power mangement

Power Management
Controller (PMC)

Power Management Controller (PMC)

Mode Controller

SMC

Wake-up requests

LLWU wake-up sources

3.3.3.1 Wakeup Sources

The LLWU module has the following internal and external inputs. LLWU_PO-
LLWU_P15 are external pin inputs, and module interrupt flags (MOIF-M4IF) are internal
peripheral connections.
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NOTE
* The RESET pin is also a wakeup source when the pin is
enabled as RESET or GPIO via port mux control.
* Any input function muxed along with the LLWU_Px pin

will cause wakeup

Table 3-11. LLWU Inputs
Wakeup Pin | Source Wakeup Pin | Source
LLWU_PO |LCD13/PTG6/LLWU_PO/LPTMR2 LLWU_P10 |CMPOP1/PTD2/UART1_RxD/SPI0O_SCK/
XBAR_IN3/LLWU_P10
LLWU_P1 LCD9/AD11/PTG2/SPI0_SS_B/LLWU_P1 LLWU_P11 |CMPOPO/PTDO/UARTO_RxD/XBAR_IN2/
LLWU_P11
LLWU_P2 |LCD8/AD10/PTG1/LLWU_P2/LPTMRO LLWU_P12 |ADO/PTC5/UARTO_RTS/LLWU_P12
LLWU_P3 |LCD5/PTF6/SPI1_MOSI/I2C1_SDA/ LLWU_P13 |LCD42/CMPOP3/PTC3/UART3_RxD/
LLWU_P3 LLWU_P13
LLWU_P4 |AD7/PTFO/RTCCLKOUT/QT2/CMPOOUT/ LLWU_P14 |LCD29/PTA6/XBAR_INO/LLWU_P14
LLWU_P4
LLWU_P5 |CMPOP2/PTE6/XBAR_IN5/UART2_RxD/ LLWU_P15 |LCD27/PTA4/LLWU_P15/NMI_B
LLWU_P5/SWD_IO
LLWU_P6 |PTE5/QT3/UART2_RTS/EWM_OUT/ LLWU_MOIF |LPTMRO’
LLWU_P6
LLWU_P7 |CMPOP4/PTD7/I2C0_SCL/XBAR_IN4/ LLWU_M1IF [iRTC Alarm’
UART3_RxD/LLWU_P7
LLWU_P8 |AD5/PTD6/LPTMR1/CMP10UT/ LLWU_M2IF |CMPO'
UART3_RTS/LLWU_P8
LLWU_P9 |AD3/PTD4/UART1_RTS/SPIO_MISO/ LLWU_MSIF [iRTC Interrupt
LLWU_P9 LLWU_M4IF |CMP1’

1. Requires the peripheral and the peripheral interrupt to be enabled. The internal module's WUME bit enables the internal

module flag as a wakeup input. After wakeup, the flags are cleared based on the peripheral clearing mechanism.

3.3.4 Crossbar-Light Switch Configuration

The AHB Crossbar Switch (or AXBS) allows connection between multiple masters with
different slaves and performs arbitration between them. On this device the AXBS
connects two masters with three slaves. The following figure shows the AXBS

configuration.
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Figure 3-7. AXBS Configuration

Table 3-12. Reference links to related information

Topic Related module Reference
Full description Crossbar switch Crossbar switch
System memory map System memory map
Clocking Clocking
Memory protection MPU MPU
Crossbar switch master | ARM Cortex-MO+ core ARM Cortex-MO0+ core

3.3.4.1 Crossbar Switch Master Assignments

The master assignment is as follows:
Table 3-13. AXBS Master Assignments

Master Module Master Port Number

ARM MO+ Core
DMA
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3.3.4.2 Crossbar Switch Slave Assignments

This device contains 3 slaves connected to the crossbar switch. Flash & SRAM
controllers modules are protected by the MPU. AIPS peripheral bridge is not protected by
MPU as it has its own protection built-in. The slave assignment is as follows:

Table 3-14. AXBS Slave Assignments

Slave Module Slave Port Number
Flash Memory Controller 0
SRAM Controller
AIPS (Peripheral Bridge) 2

3.3.5 DMA request multiplexer (DMA MUX) 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
% Channel
% request DMA Request
e Multiplexer H :
=
a

Figure 3-8. DMA request multiplexer configuration

Table 3-15. Reference links to related information

Topic Related module Reference
Full description DMA request DMA Mux
multiplexer

System memory map System memory map

Clocking Clocking

Power management Power mangement

3.3.5.1 DMA Request Sources

The DMA Request mux allows up to 64 DMA request signals to be mapped to the 4
channels of the DMA Controller.
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This device includes four DMA request MUXes that allows up to 64 DMA request
signals to be mapped to any of the 4 DMA channels. There is one DMA Mux module for
each channel of DMA. To allow for flexibility and optimal usage of the available DMA
channels some of the DMA request sources are available on more than 1 DMA mux.

Because of the mux there is not a hard correlation between any of the DMA request

sources and a specific DMA channel.

The DMA request sources for this device are muxed as described in table below.

Table 3-16. DMA request sources

Request ID DMA Channel 0 DMA Channel 1 DMA Channel 2 DMA Channel 3
Assignment Assignment Assignment Assignment
0 Disabled Disabled Disabled Disabled
1 SPIO_Tx SPIO_Tx SPI_Tx SPI_Tx
2 SPI0_Rx SPI0_Rx SPI1_Rx SPI1_Rx
3 UARTO_Tx UART1_Tx UART1_Tx UARTO_Tx
4 UARTO_RXx UART1_Rx UART1_Rx UARTO_RXx
5 12C0 12C0 12CH1 12CH1
6 XBAR XBAR XBAR XBAR
7 UART3_Tx UART3_Tx UART2_Tx UART2_Tx
8 UART3_Rx UART3_Rx UART2_Rx UART2_Rx
9 AFE_CHO AFE_CHO AFE_CH1 AFE_CH1
10 TMR_O0 TMR_O0 TMR_2 TMR_2
11 TMR_3 TMR_3 TMR_1 TMR_1
12 AFE_CH2 AFE_CH2 AFE_CH3 AFE_CH3
13 ADC PTE PTI ADC
14 CMPO CMPO CMP1 CMP1
15 PTE PTF PTG PTH
16 PTA PTB PTC PTD
17 Always Enabled Always Enabled Always Enabled Always Enabled
18 Always Enabled Always Enabled Always Enabled Always Enabled

Asynchronous DMA sources: The following module are capable of generating

asynchronous DMA request.
* Analog Front End (AFE)
* Comparators
SAR ADC
GPIO Control Module (PCTL)
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3.3.6 External Watchdog Monitor (EWM) configuration

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

Peripheral
bridge
Register
access

()]
£
3
External Watchdog Module signals | &
. =}
Monitor (EWM) E
g
k=
(7]

Figure 3-9. External Watchdog Monitor configuration

Table 3-17. Reference links to related information

Topic Related module Reference
Full description External Watchdog EWM
Monitor (EWM)

System memory map System memory map
Clocking Clocking
Power management Power mangement
Signal multiplexing Port Control Module Signal multiplexing

3.3.6.1 Clock Connections

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

Table 3-18. EWM clock connections

Module clock Chip clock
Low Power Clock 1 kHz LPO Clock
Alternate Clock 32 kHz Oscillator Clock

3.3.6.2 Low Power Modes

This table shows the EWM low-power modes and the corresponding chip low-power
modes.
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Table 3-19. EWM low-power modes

Module mode Chip mode
Wait Wait, VLPW
Stop Stop, VLPS
Power Down VLLSS, VLLS2, VLLS1, VLLSO

3.3.6.3 EWM_OUT pin state in Low Power Modes

During Wait, Stop and Power Down modes the EWM_OUT pin enters a high-impedance
state. A user has the option to control the logic state of the pin using an external pull
device or by configuring the internal pull device. When the CPU enters a Run mode from
Wait or Stop recovery, the pin resumes its previous state before entering Wait or Stop
mode. When the CPU enters Run mode from Power Down, the pin returns to its reset

state.

3.3.7 Watchdog Configuration

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

Peripheral
bridge

Register
access

Mode Controller

WDOG

Figure 3-10. Watchdog configuration

Table 3-20. Reference links to related information

Topic

Related module

Reference

Full description

Watchdog

WDOG

System memory map

System memory map

Clocking

Clocking

Power management

Power mangement

Mode Controller (MC)

System Mode Controller
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3.3.7.1 Watchdog configuration

Table 3-21. Watchdog configuration

refresh sequences.

Description Value
Default Value for WDOG Timer High 0x004C
Default Value for WDOG Timer Low 0x4B40
Watchdog Configuration Time (in number of bus clocks) 256
Time allowed in between the two writes of the unlock and 20

3.3.7.2 Clock Connections

This table shows the WDOG module clocks and the corresponding chip clock

connections.

Table 3-22. WDOG clock connections

Module clock

Chip clock

LPO Oscillator

1 kHz LPO Clock

System Bus Clock

Alt Clock 32 kHz Clock!
Fast Test Clock Bus Clock
Bus Clock

1. Can be either 32k OSC clock, 32k IRC clock

3.3.8 Inter-Peripheral Crossbar Switch (XBAR) 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.

Table 3-23. Reference links to related information

Topic Related module

Reference

Full description XBAR

XBAR

System memory map

System memory map

Clocking

Clocking distribution

Power management

Power mangement

Signal multiplexing SIM's GPS registers

Signal multiplexing
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3.3.8.1 Peripheral Interconnects

The XBAR has the following connection to various peripherals or device I1Os. The
XBAR Inputs can be configured to connected to XBAR Outputs as per application

requirements.
Table 3-24. XBAR Interconnects
No. XBAR Inputs XBAR Outputs
0 Logic 1 (VDD) XBAR DMA request or Interrupt!
1 Logic 0 (VSS) External modulator data input for AFE Channel 02
2 AFE master clock output® External modulator data input for AFE Channel 12
3 AFE modulator data output* External modulator data input for AFE Channel 22
4 LPTimer Output External modulator data input for AFE Channel 32
5 Clock Output® Quad Timer channel 0 secondary input®
6 Quad Timer channel 0 output Quad Timer channel 1 secondary input®
7 Quad Timer channel 1 output Quad Timer channel 2 secondary input®
8 Quad Timer channel 2 output Quad Timer channel 3 secondary input®
9 Quad Timer channel 3 output Quad Timer primary clock input 1
10 iRTC Clock Output” Quad Timer primary clock input 2
11 CMPO OQutput CMPO Sample Window input
12 CMP1 Output CMP1 Sample Window input
13 iRTC Alarm Output UART Rx Input8
14 UART TX Output (after modulation)® UART Tx Modulation Output®
15 EWM Output (EWM_OUT) SAR ADC trigger select A pulse'’
16 PIT Output'2 SAR ADC trigger select B pulse!
17 XBAR Input pin 0 XBAR Output pin 0
18 XBAR Input pin 1 XBAR Output pin 1
19 XBAR Input pin 2 XBAR Output pin 2
20 XBAR Input pin 3 XBAR Output pin 3
21 XBAR Input pin 4 XBAR Output pin 4
22 XBAR Input pin 5 XBAR Output pin 5
23 XBAR Input pin 6 XBAR Output pin 6
24 XBAR Input pin 7 XBAR Output pin 7
25 XBAR Input pin 8 XBAR Output pin 8
26 SAR ADC conversion complete flag SAR ADC trigger select C pulse'"
27 ORed conversion complete flag for all AFE channels'3 ADC trigger select D pulse!!
28 AFE Channel 0 conversion complete AFE Channel 0 Trigger
29 AFE Channel 1 conversion complete AFE Channel 1 Trigger
30 AFE Channel 2 conversion complete AFE Channel 2 Trigger
31 AFE Channel 3 conversion complete AFE Channel 3 Trigger
32 DMA Done Signal' EWM input (EWM_IN)

1. DMA or Interrupt selectable inside XBAR
2. Clock input for ZA ADC will not be routed from XBAR.
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This is the modulator clock output from AFE.
User configurable selection of modulator output. One of the following will be selected:
e >A modulator 0 data output
e >A modulator 1 data output
e 3A modulator 2 data output
* A modulator 3 data output
Clock out is configurable to select one of the following clocks (NOTE: This selection does not drive CLKOUT pin) :
* Core Clock (gated in WAIT)
* Flash Clock
* Bus Clock
IRC Clock
PLL Clock
32 kHz Osc clock
MHz Osc clock
1 kHz LPO clock
The XBAR should not be configured to have any of Quad Timer channel's outputs driving any of the channel's secondary
inputs
iRTC Clock out is configurable to select one of the following clocks (NOTE: This selection is different from clock selection
in iRTC which drives iRTCLKOUT):
* 32 kHz Osc clock
e Fine 1 Hz Clock (after fine compensation)
e Coarse 1 Hz Clock (clock running the counters)
Comparator 0 output routed to this output for IrDA. Connects to UART Rx module input which is selected by software. SIM
registers provide for selection of UART for IrDA. Common selection for Rx & Tx
This is user selectable. This is output via XBAR according to UART selected. Software should select correct UART &
XBAR output pin.
This signal is used to modulate the UART Tx output.
Generates the trigger to SAR. Separate trigger for each result register. See SAR Chapter for details on triggering.
User configurable to select either PITO or PIT1 output. SIM register provides section between PITO and PIT1.
For cases where £As work independently
User configurable to select DMA Done signal from any channel. DMA Done signal will not work when DMA transfer is
initiated using DMA_DCRN[START] bit.

NOTE
All interconnections required in XBAR must be done before
any other peripheral is enabled.

3.3.8.2 Quad Timer (or TMR) Source Configuration

The figure below shows how the various inputs for TMR can be select. The first level of
selection is via SIM and final selection is in TMR. Both must be configured for proper
functioning
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‘x' denotes timer channel
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Bus Clock
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Figure 3-11. TMR and XBAR connection

NOTE
* For frequencies >= bus clock; the primary path (XBAR -->
TMR_clk) can be used to select the TMR_CLK.
* For frequencies < bus clock (! Not == bus clock); the
TMR_CLK can be selected through the secondary input.

3.3.8.3 Number of inputs and outputs

This device has one instance of the XBAR. There is only 1 interrupt/DMA request signal
output from this crossbar. The dedicated XBAR chapters refer to each instance's number

of inputs as NUM_IN or N and number of outputs as NUM_OUT or M. The following
table identifies the values.

Table 3-25. XBAR inputs and outputs

XBAR instance Number of inputs (NUM_IN or N) Number of outputs (NUM_OUT or M)
XBAR 33 33
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3.4 Memories and Memory Interfaces

3.4.1 RAM sizes

This device contains 16KB of RAM on all devices. The RAM supports single cycle
access (zero wait states) at all core speeds.

3.4.2 Flash Memory Sizes

KM family has a single array of 128 KBytes of flash memory. The flash access time
supports two cycle reads at the maximum CPU frequency (50 MHz; 2:1). The access time
is reduced to single cycle as the operating speed is decreased (=< 25 MHz; 1:1).

The flash on KM devices does not contain any Flex Memory. As a result the PGMSEC
command will not be available to program the Flash.

On various phantoms, 64 KBytes of Flash memory will be supported. The phantom
information will be stored in the Flash's IFR ILAD (illegal address) error will be be
generated for any access to upper 64 KByte Flash memory.

3.5 Clock Modules

3.5.1 RTC OSC configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-12. RTC OSC configuration
Table 3-26. Reference links to related information
Topic Related module Reference
Full description RTC OSC RTC OSC
Signal multiplexing Port control Signal multiplexing
Full description MCG MCG

NOTE
Refer to section RTC General Purpose Data Register

3.6 Security

3.6.1 CRC Configuration

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

Register
access

CRC

Figure 3-13. CRC configuration

Table 3-27. Reference links to related information

Topic

Related module

Reference

Full description

CRC

CRC

System memory map

System memory map

Power management

Power mangement

3.6.2 RNG 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

Random number
generator

Figure 3-14. RNG configuration

Table 3-28. Reference links to related information

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

Power management

Power mangement
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3.6.2.1 Overview

KM family includes one instance of the RNGA module which can be used along with
software to attain NIST SP800-90 standards.

3.7 Analog

3.7.1 16-bit SAR ADC

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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©
c
2
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Figure 3-15. 16-bit SAR ADC

Table 3-29. 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 Clocking
Power management Power mangement
Signal multiplexing Port control Signal multiplexing

3.7.1.1 Instantiation

This device contains one 16-bit SAR ADC with 12 single ended channels (AD11 - ADO;
number varies on each package) and 4 result registers. The reference voltage option for
this ADC are discussed in Reference Options section.
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3.7.1.2 DMA Support on SAR ADC

Applications that may require continuous sampling of the ADC, 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 Connections/Channel Assignment

3.7.1.3.1

Channel Assignments

The following table describes all the connections to SAR ADC channels. Unused
channels shall be connected to SAR_VREFL.

NOTE
Channels O - 3 do not have a mux in their path while other
channels are muxed before being connected to SAR. Channel 0
- 3 are expected to give better performance compared to muxed
channels.

Table 3-30. SAR ADC Channel Assignments

Channel Assignment Description

Number
0 AD3 Single ended input from pin
1 AD6 Single ended input from pin
2 AD8 Single ended input from pin
3 AD9 Single ended input from pin
4 VLL1 LCD VLL1 Voltage
5 VCAP1 LCD VCAP1 Voltage
6 ADO Single ended input from pin
7 AD1 Single ended input from pin
8 VLL2 LCD VLL2 Voltage
9 VCAP2 LCD VCAP1 Voltage
10 AD2 Single ended input from pin
11 AD4 Single ended input from pin
12 PMC_VDD VDD supply from PMC
13 PMC_VDD_SW Switched VDD supply from PMC
14 SAR_VDDA VDDA supply for SAR
15 AD5 Single ended input from pin
16 AD7 Single ended input from pin

Table continues on the next page...
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Table 3-30. SAR ADC Channel Assignments
(continued)

Channel Assignment Description

Number
17 CMPO DAC Out CMPO DAC output voltage
18 CMP1 DAC Out CMP1 DAC output voltage
19 AD10 Single ended input from pin
20 AD11 Single ended input from pin
21 Unused Reserved for future expansion
22 Unused Reserved for future expansion
23 Unused Reserved for future expansion
24 Unused Reserved for future expansion
25 Unused Internal to SAR ADC
26 Temperature Sensor Internal to SAR ADC
27 PMC 1V Bandgap Internal to SAR ADC
28 Unused Internal to SAR ADC
29 Unused Internal to SAR ADC
30 Unused Internal to SAR ADC
31 Unused Internal to SAR ADC

3.7.1.3.2 Reference Options

The reference selection is done from within the SAR ADC. The SAR ADC supports the
following references:

 SAR_VREFH and SAR_VREFL - connected as the primary reference option.
However, these are bonded to SAR_VDDA & SAR_VSSA respectively on the
device package

e Bandgap voltage from PMC

* 1.2V VREEF (either from off-chip source or internal source for which the selection is
controlled from SIM)

NOTE
Refer to Status and Control Register 2 (ADC_SC2), bit
REFSEL for more information.
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3.7.1.3.3 Trigger Options
The ADC supports both software and hardware triggers. The hardware trigger options are
shown in table below.

Table 3-31. Hardware trigger options for SAR ADC

Quad Timer PIT iRTC LPTIMER
RUN, VLPR Yes Yes Yes Yes
WAIT, VLPW, VLPS, No in VLPS & STOP. No in VLPS & STOP. Yes Yes
STOP and PSTOP1 Yes if module active in | Yes if module active in
WAIT/VLPW WAIT/VLPW

The selection of trigger can be done via the XBAR. The trigger outputs from XBAR are
connected to respective SAR ADC trigger inputs, thereby forcing ADC conversions.

The ADC can be triggered in low power modes (WAIT, VLPW, VLPS, STOP and
PSTOP1) using the LPTIMER or iRTC. This allows the ADC to do conversions in low
power modes and store the output in the result register. The ADC generates interrupt
when the data is ready in the result register that wakes the system from low power mode.

NOTE
 The timer channels used for trigger generation must be
programmed to generate the trigger pulses (Trigger A ..
Trigger D) in an interleaved fashion. Pulses should not
come at the same time.
* Generation of a trigger before conversion completes for
previous trigger is an error condition

3.7.1.3.4 Alternate Clock

For alt_clk this clock source has to be clocking at a high enough frequency to meet the
minimum adc_clk operating frequency.

NOTE
It is not a usable source in stop — ADC wrapper logic requires
the select of the ADC internal clock source to operate in stop.

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

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

The clock to SAR ADC module can be gated on and off using clock-gate control 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 a module, set the
corresponding clock-gate control bit 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.

NOTE
The clock to the ADC should not be gated during an active
conversion.

3.7.2 Analog Front End (AFE) 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.

Table 3-32. Reference links to related information

Topic Related module Reference
Full description Analog Front End (AFE) Analog Front End (AFE)
System memory map System memory map
Clocking Clocking
Power management Power mangement
Signal multiplexing Port control Signal multiplexing

3.7.2.1 Clock Sources
AFE can be clocked by the following clock sources (see Figure below):
* 6.144 MHz clock generated from PLL with 32.768 kHz reference clock input
* MHz crystal oscillator clock output (if crystal clock < 32 MHz). Prescaler on AFE
will divide this external clock to generate required range of clock at modulator input
(30 kHz to 6.5 MHz).
 Externally supplied clock (30 kHz to 50 MHz) via AFE_CLK pin
* This pin can additionally be used to interface clock port of external modulators
(which provide clock output with data).
* Prescaler on AFE will divide this external clock to generate required range of
clock at modulator input (30 kHz to 6.5 MHz).
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* Quad Timer channel 0 output
* 4 MHz IRC from MCG

The above clock sources are available in all MCU power modes where AFE can work,
except for VLPS where PLL cannot work. Hence for operating AFE in VLPS, a different
clock source would be required.

The selected clock source is prescaled down to the AFE modulator clock operating range
(30 kHz to 6.5 MHz in Normal Mode and less than 1.6 MHz for Low Power Mode)
before enabling AFE operations. The Prescaler divides down the selected clock in powers
of 2 (i.e.1,2,4, 8, 16. 32, 64, 128 and 256). It is important to divide the selected clock by
at least 2 to compensate for any duty cycle variations during muxing and clock
propagation.

NOTE

» The externally supplied clock is routed directly from the
AFE_CLK pad to AFE Prescaler.

* The clock source selection is one time selection and cannot
be changed on the fly. AFE will have to be disabled to
change the clock and prescaler.

» Using any clock source other than the PLL output clock or
oscillator clock will not guarantee AFE performance.

» Refer to Clocking Chapter for details on generation of
MCGPLLCLK and muxing options therein.

* All AFE Channels should run on the same clock. The clock
selection is done via register bits in AFE and is common to
all AFE Channels.

Following figure shows the clocking strategy for the AFE.

MCGIRCLK (2 MHz)

NOTE: * Refer Clocking Diagram for
MCGPLLCLK MCGPLLCLK generation
Prescaler
. > celof »| AFEX
Quad (Div by 1,2,4,8,16,32,64,128,256)
Timer |—
Bus (Ch output
Clock * used) L
Maodulator Clock
AFE_CLK_SEL Output via
- - PXBAR ar

AFE_CLK AFE_CLK pin
(PTBT or PTE3)

Figure 3-16. AFE Clocking Options
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The selected clock is common to all AFE channels (0-3) even if some have of the
channels use an external modulator. When AFE is disabled, the clock sources should be
gated or disabled to save power.

3.7.3 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

Register
access

Module signals

Other peripherals CMP

Signal multiplexing

Figure 3-17. High Speed Comparator

Table 3-33. Reference links to related information

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

3.7.3.1 Instantiation Information

KM microcontrollers has two high speed comparator modules with an integrated 6-bit
DAC and analog mux. The CMP's 6-bit DAC sub-block supports selection of two voltage
references. For KM devices, the references implemented are:

* CMP V,,; is connected to VREF Output.

* CMP V,,, is connected to Vpp.

Table 3-34. CMP instantiation

Comparator Features CMPO CMP1

Number of 6-bit DACs 1 1

Table continues on the next page...
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Table 3-34. CMP instantiation (continued)

Comparator Features CMPO CMP1
Analog mux size 8-bits 8-bits
Number of CMP OQUT pins 1 1
External Comparator Inputs Upto 6 Upto 6
NOTE

Refer to Device Configuration for the number of external inputs
supported on each device.

The following table shows the fixed internal and external connections to each CMP and
output connections for each CMP instance, respectively. For information about the
specific pins to which the input and output signals are assigned on the package, refer to
the KM Family Pinouts chapter.

NOTE
The "Reserved for Test" input is to be connected to the Analog
Test Sense Bus signal.

Table 3-35. CMP Input connections

CMP inputs CMPO CMP1

CMP Input0 CMPOPO CMP1PO
CMP Input1 CMPOP1 CMP1P1

CMP Input2 CMPOP2 SDADP2
CMP Input3 CMPOP3 SDADM2
CMP Input4 CMPOP4 SDADP3
CMP Input5 CMPOP5 SDADM3
CMP Input6 Reserved for Test Reserved for Test
CMP Input7 6-bit DAC reference 6-bit DAC reference

CMPO output connections are:
e CMP output (CMPOOUT) pin
* Quad Timer input via XBAR
* Any UART Rx input via XBAR (one UART can work at a time)
« EWM_IN input via XBAR
 LLWU_M2IF input
* LPTMR input

CMP1 output connections are:
* CMP output (CMP10OUT) pin
* Quad Timer input via XBAR
 LLWU_MAIF input
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e EWM_IN input via XBAR
* LPTMR input

The CMPO is used for IrDA operation using UART. The CMP1 is used for zero crossing
detection (for frequency measurement).

3.7.3.2 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
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.

3.7.4 VREF Configuration

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

Register
access

Reference

Voltage
AFE, SAR, CMP VREF

Figure 3-18. VREF configuration

Table 3-36. Reference links to related information

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

3.7.4.1 Overview

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

The voltage reference can provide a reference voltage to external peripherals or a
reference to analog peripherals, such as the Sigma Delta ADCs, SAR and CMP.

3.7.4.2 Instantiation Information

This device contains one VREF module to produce a 1.2 V reference. This VREF is
placed in the VDDA domain .

The VREF is shared between SAR, AFE & DAC (in CMP). The figure below shows the
VREF integration and sharing scheme.
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VREF [X]
Co T T T T T T T T T i i S St 1
i SAR | AFE |
| VREFH_SAR | |
| | |
| Switch control | | 10V I
SAR_VDDA [ in SAR ! internal |
- SARADC o050 | reference | |
SAR_VSSA Xli O——+— |
L e o o e e e el m - 1 |
| |
6-bit DAC [ NOTE: S1 & S2 | |
(CMPs) are controlled via I I
i | |
— SIM registers | |
| e |
ZI— AFE Switch control I
VoDA in AFE :
VSSA g|—| - module
AFE VREFH(1.2V) o— | !
— BUF S3 [
VREFL(0.4V) |X|:'_ |
| I
|
VREFH(1.2V) [ 0.4V |
| VREFL(0.4V) @ Regulator |
|

Figure 3-19. VREF Integration

NOTE

The switch S1 is meant for output of 1.2 V VREF onto the SoC
pin. When internal 1.2 V VREEF is routed through VREF buffer
out to VREF pin then 100 nF capacitor, with good high-
frequency characteristics, must be connected between VREF
and GNDA. This capacitor must be placed as near as possible
to the VREF pin. When using externally supplied VREEF, this
switch (S1) should be open.

Table 3-37. VREF Sharing Scenarios

AFE Reference

SAR Reference

6-bit DAC (CMP)
Reference

Description

(S8 in current
position)

(S0, S2 flipped
from current
position)

(S2 flipped from
current position)

Case | |1.2V VREF Internal| 3.3V SAR_VDDA | 1.2V VREF Internal | Most common use-case in metering application.
(S8 in current (SO in current (S2 flipped from Good AFE pen‘ormance. SAR ADC absolute
osition) position) current position) accuracy driven by tolerance of the LDO regulator
P (tolerance of typical LDOs is +/-2-3%). Internal
1.2V VREF optionally routed to VREF pin (S1
closed) for use by external circuitries.
Case Il | 1.2V VREF Internal | 1.2V VREF Internal | 1.2V VREF Internal | Most common use-case in metering application.

Good SAR ADC absolute driven by 1.2V VREF
Internal reference (buffered). AFE performance
might be impacted by the SAR ADC kick-backs via
buffer. Internal 1.2V VREF optionally routed to
VREF pin (S1 closed) for use by external
circuitries.

Table continues on the next page...
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Table 3-37. VREF Sharing Scenarios
(continued)

(S3in current
position)

(SO flipped from
current position, S2
in current position)

(S2 in current
position)

AFE Reference SAR Reference | 6-bit DAC (CMP) | Description
Reference
Case lll 1.2V VREF 1.2V VREF 1.2V VREF Complementary use-case
External External External
(S3 flipped from (SO0 flipped from (S2in current
current position) | current position, S2 position)
in current position)
Case IV | 1.2V VREF Internal 1.2V VREF 1.2V VREF AFE reference decoupled from other blocks.
External External

The VREF supports running in tight regulation mode (high power) and low power buffer
modes. KM family microcontrollers will use this feature in VREF.

NOTE

SO corresponds to SAR ADC Voltage Reference Select:
ADC_SC2 [REFSEL]

S1 corresponds to VREF Buffer Output Enable:

SIM_MISC_CTL[VREFBUFOUTEN]

S2 corresponds to VREF Buffer Input Select:
SIM_MISC_CTL[VREFBUFINSEL]

S3 corresponds to Internal and External 1.2 V Reference Select:
VREF_VREFL_TRM[VREFL_SEL]

3.7.4.3 Clock Gating

The clock to the VREF module can be turned on or off using the clock gating 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 corresponding bit 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.
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3.7.4.4 Accuracy

Metering requires 10-15 PPM/°C (typical) accuracy on the VREF output to satisfy the
requirement for lower drift over temperature for higher class meters that need that level
of measurement accuracy.

3.8 Timers

3.8.1 Independent Real Time Clock (iRTC) 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.

32 0SC

MCG

IRTC

32IRC

TAMPERX

Figure 3-20. Independent Real Time Clock (iRTC) configuration

Table 3-38. Reference links to related information

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

* Vpat always needs to be powered on to conserve power.

» Tamper pins must be pulled up or down to conserve power.

e Even if the iIRTC module is not used, tamper interrupt must
be disabled at startup, because it is enabled by default.

The typical value for crystal input pins is 7 pF to 9 pF.
Additional capacitor values can be selected (by configuring
RTC_GP_DATA_REQG) to match the external crystal load

capacitor by consulting the crystal vendor.
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iRTC or Independent Real Time Clock is completely powered by battery (via
independent power rails) and does not use a power switch. iRTC maintains time & date
keeping functions along with tamper detection capability and register protection. It
includes a compensation logic to compensate for variations in the 32.768 kHz crystal
clock. iRTC has option to output the desired clock onto the SoC pin.

3.8.1.2 RTC General Purpose Data Register (RTC_GP_DATA_REG)

Bit
Read
Writa
Reset

Bit
Read
Write

Resat

15 14 13 12 i1 10 9 8
CFG15 CFG14 CFG13 CFG1i2 CFG11 CFG10 CFGo CFG8
o Q 0 0 0 Q 0 0
7 6 5 4 3 2 1 a
CFG7 CFG6 CFG5 CFG4 CFG3 CFG2 CFG1 CFGO
0 0 0 0 0 0] 0 0

Figure 3-21. RTC General Purpose Data Register

Table 3-39. RTC General Purpose Data Register Table

Bit Number

Description

CFGO

32 kHz RTC OSC Control.

This bit can be used to disable clock when writing to RTC
registers.

'1'—Disable the oscillator

'0'—Enables the oscillator

CFG1

Switched capacitor 2 pF enable.

Enables 2 pF capacitor inside oscillator to be used as load
capacitance.

'1'—Enables capacitor

'‘0'—Disables capacitor

CFG2

Switched capacitor 4 pF enable.

Enables 4 pF capacitor inside oscillator to be used as load
capacitance.

'1'—Enables capacitor

'‘0'—Disables capacitor

CFG3

Switched capacitor 8 pF enable.

Enables 8 pF capacitor inside oscillator to be used as load
capacitance.

'1'—Enables capacitor

'0'—Disables capacitor

Table continues on the next page...
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Table 3-39. RTC General Purpose Data Register Table (continued)

Bit Number Description
CFG4 Switched capacitor 16 pF enable.

Enables 16 pF capacitor inside oscillator to be used as load
capacitance.

'1'—Enables capacitor

'‘0'—Disables capacitor

CFG5 Reserved
CFG6 Reserved
CFG7 Boot mode override bit.

This bit can be used to override the boot to happen in VLPR
mode. The effect of this bit can be seen on next system reset.

'1'—Boot in VLPR
'0'—Boot in RUN

CFG8 Reserved

CFG9 Reserved
CFG10 Reserved
CFG11 Reserved
CFG12 Reserved
CFG13 Reserved
CFG14 Reserved
CFG15 Reserved

3.8.2 TMR 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 3-22. TMR Configuration

Table 3-40. Reference links to related information

Topic Related module Reference
Full description TMR TMR
System memory map System memory map
Clocking Clock distribution
Power management Power mangement
Signal multiplexing SIM's GPS registers Signal multiplexing

3.8.2.1 Overview

The quad-timer module provides four timer channels with a variety of controls affecting
both individual and multi-channel features. Specific features include up/down count,
cascading of counters, programmable modulo, count once/repeated, counter preload,
compare registers with preload, shared use of input signals, prescaler controls,
independent capture/compare, fault input control, programmable input filters, and multi-
channel synchronization.

3.8.2.2 Instantiation Information

This device has one instance of quad timer with 4 timer channels.

3.8.3 Low-power timer (LPTMR)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. LPTMR configuration

Table 3-41. Reference links to related information

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

3.8.3.1 Overview

The LPTMR or Low Power Timer can operate as either a real time interrupt or as a pulse
accumulator and operate in all of the chip's power modes (including VLLSx).

3.8.3.2 Instantiation Information
This device has one LPTMR module with one 16-bit channel.

There are three LPTMR pins: LPTMRO, LPTMRI1, and LPTMR2. Each of these are
connected to LPTMR and can be selected by module's CSR[TPS] field with the settings
01, 10, and 11, respectively.

Either of the CMP output can also be connected to LPTMR by setting each module's
CSR[TPS] field to 00. This configuration allows pulse counting of the CMP output.
Selection between CMP0O & CMP1 will be done using SIM registers.
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Table 3-42. Selects the timer pin to be used by the LPT in pulse counter
mode.

LPT_CSR | LPTMR
register;
TPS bit-

field

0b00 Pin LPT_ALTO selected
(CMPO or CMP1 output)?

0b01 Pin LPT_ALT1 selected
(External pin LPTMRO )

0b10 Pin LPT_ALT2 selected
(External pin LPTMR1)

Ob11 Pin LPT_ALTS3 selected
(External pin LPTMR2)

1Selection between CMP0O & CMP1
. controlled via SIM registers

3.8.3.3 Clock Options

LPTMR's PSR[PCS] field controls the selection of external clock options.
» Setting PSR[PCS] to 00 selects the MCGIRCLK internal reference clock (not

available in low leakage power modes).
 Setting PSR[PCS] to 01 selects the internal 1 kHz LPO clock.
» Setting PSR[PCS] to 10 selects OSCCLK32K, the 32.768 kHz clock from OSC32K.

This connection is optimized for minimal power consumption in stop modes.
» Setting PSR[PCS] to 11 selects the ERCLK

3.8.4 PIT Configuration

This section summarizes how the module has been configured in the chip. For a
comprehensive description of the module itself, see the module’s dedicated chapter.
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Figure 3-24. PIT configuration

Table 3-43. 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 mangement

3.8.4.1 Overview

The periodic interrupt timer (PIT) is a 32-bit timer that provides precise interrupts at
regular intervals with minimal processor intervention. The timer can count down from the
value written in the PIT modulus register, or it can be a free-running down-counter.

3.8.4.2 Instantiation Information

This device contains two PIT modules.

3.8.4.3 PIT/DMA Periodic Trigger Assignments
The PIT generates periodic trigger events to the DMA Mux as shown in the table below.

Table 3-44. PIT channel assignments for periodic DMA triggering

DMA Mux Number PIT Channel
DMA Mux 0 PITO Channel 0
DMA Mux 1 PITO Channel 1
DMA Mux 2 PIT1 Channel 0
DMA Mux 3 PIT1 Channel 1
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3.9 Communication interface

3.9.1 Serial Peripheral Interface (SPI) Configuration

Peripheral
bridge

Register
access

Module signals

SPI

Signal multiplexing

Figure 3-25. 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
Power management Power mangement
Signal multiplexing Port mux control Signal multiplexing

3.9.1.1 Overview

The serial peripheral interface (SPI) module provides for full-duplex, synchronous, serial
communication between the MCU and peripheral devices. These peripheral devices can
include other micro-controllers, analog-to-digital converters, shift registers, sensors,
memories, etc.
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3.9.1.2

Instantiation Information

KM family of devices have two SPI modules. The SPI instances support the following

features:

Table 3-46. SPI instantiation

Features SPI0 SPIH
FIFO Depth NA 8 for Tx
(in Bytes) 8 for Rx

AMR support 3 Vonly 3Vand5V
DMA support Yes Yes
Module Clock 50 MHz 50 MHz

The SPI supports a baud rate up to the bus clock divided by two in master mode and up to
the bus clock divided by 4 in slave mode.

The SPI modules can be configured to work in WAIT, VLPR, VLPW modes.

3.9.2 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.

Peripheral
bridge

Register
access

Module signals

XBAR UART

Signal multiplexing

Figure 3-26. UART configuration

Table 3-47. Reference links to related information

Topic

Related module

Reference

Full description

UART

UART

System memory map

System memory map

Clocking

Clocking

Power management

Power mangement

Signal multiplexing

Port mux control

Signal multiplexing
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This section describes how each UART module is instantiated.

Table 3-48. UART instantiation information
Feature UARTO UART1 UART2 UART3
UART modules with Yes Yes Yes Yes
standard features
UART modules with No Yes No Yes
1ISO7816
IrDA Yes Yes Yes Yes
(via CMPO & XBAR) (via CMPO & XBAR) (via CMPO & XBAR) (via CMPO & XBAR)
Flow Control Yes Yes Yes Yes
FIFO Depth (number of 8 for Tx 8 for Tx 8 for Tx 8 for Tx
entries)
8 for Rx 8 for Rx 8 for Rx 8 for Rx
Module Clock (max.) 25 MHZz! 50 MHZz2 25 MHZz! 50 MHZz2
Buad Rate 1.5625 Mbps 3.125 Mbps? 1.5625 Mbps 3.125 Mbps
AMR Support 3 Vonly 3Vand5V 3 Vonly 3 Vonly

1. Clocked on bus clock

2. Clocked on core clock
3. Baud rate might be less for UART1 pads which are true open drain (PTI1)

1. Standard features of all UARTs:

* RS-485 support

* Hardware flow control (RTS/CTY)

* 9-bit UART to support address mark with parity

e MSB/LSB configuration on data

2. IrDA 1s supported on all UART by connecting the corresponding Comparator output
to Rx input of UART via the peripheral crossbar. However, one UART can be used

at a time.

3. UART1 is 5V tolerant to support AMR operations and has open-drain pad PTI1
which has TxD1 muxed on it.

e PTIO is not open drain and requires an external resistor divider to interface 5 V
input signal for RxD

4. UARTO, UART1 and UART3 are muxed on multiple pins. See Signal multiplexing
sheet for pin details.

5. UART3 Tx pad (PTC2) has double drive capability (20 mA drive). Rest of the
UART Tx pads have normal drive.

Baud rate will be limited to IMbps where UART pads have

NOTE

open drain configuration.
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3.9.2.2 Overview

The UART allows full duplex, asynchronous, NRZ serial communication between the
CPU and remote devices, including other CPUs. The UART transmitter and receiver
operate independently, although they use the same baud rate generator. The CPU
monitors the status of the UART, writes the data to be transmitted, and processes
received data.

3.9.2.3 Clock gating

The clock to each UART can be gated on and off using the corresponding clock gating
register bits in SIM. These bits are cleared after any reset, which disables the bus clock to
the corresponding module. Before initializing the module, set this bit to enable the UART
clock. When the module is not in use, clear the corresponding clock gating control bits in
SIM to conserve power.

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.

NOTE
The Open Drain mode on SDA, SCL pins has to be enabled by
setting PORTx_PCRn[ODE] bits.

Peripheral
bridge

Register
access

Module signals Signal

multiplexing

12C

Figure 3-27. 12C configuration

Table 3-49. Reference links to related information

Topic Related module Reference

Full description 12C 12C

Table continues on the next page...
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Table 3-49. 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

3.9.3.1 Overview

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

The I12C modules include SMBus support. Option to keep module active in Stop/VLPS
mode, and can wake up CPU from Stop/VLPS mode.

3.9.3.2 Instantiation Information

KM family contains two [2C modules, I2C0 and I12C1. These 12C modules support the
SMBUS protocol along with DMA support.

I2C modules will be clocked by bus clock.

3.9.3.3 Clock Gating

The clock to each I12C module can be gated on and off using the SIM's clock gating
register bits. These bits are cleared after any reset, which disables the clock to the each
module to conserve power. Prior to initializing a module, set the corresponding bit to
enable the clock. Before turning off the clock, disable the module. For additional details,
refer to Clocking Chapter.
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3.10 Human machine interface

3.10.1 eGPIO controller

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

IOPORT EGPIO controller

Signal multiplexing

Figure 3-28. GPIO configuration

Table 3-50. Reference links to related information

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

3.10.1.1 Overview

The Enhanced General Purpose Input / Output controller (¢GPIO) supports common pin
input and output functions. This module combines keyboard interrupt functionality for
rising/falling edges or level sensitivity.

The eGPIO module is a dual port eGPIO module. eGPIO shall have one port connected to
the MO+ core directly (via IOPORT) to allow direct accesses the GPIO (single cycle

access). The other port will be connected to AIPS to allow normal IPS accesses to the
module.

Some features of the module:
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* The module can support any number of GPIO pins via a number of control and data
registers. All these registers are also accessible at the byte and halfword level, so the
configuration and data values associated with smaller sets of GPIO pins can be
independently controlled.

* The module has access control registers to control access to GPIOs. One access
control register will include four 4-bit GPIO Access Control Registers (GACRn)
modeled after the same functionality present in the AIPS's PACRn registers. This
includes a lock bit and a 3-bit attribute. The attribute controls the access permission
for privileged secure, user secure and user non-secure mode. The lock bit can be set
to "lock" the configuration and prevent any subsequent writes until the next reset.

* There will be one access control register per 8-pins of GPIO. For 8-bit or 16-bit or
32-bit accesses, the appropriate number of GACRn registers are selected, their flags
logically summed together (OR'd) and the access evaluated.

 After the "effective" protect bits are formed, the access is checked. If the access is
permitted, the operation completes. If the access is denied, the response is dependent
on the source of the reference:

* If the access is from the IPS port, the transaction is aborted and a bus error
termination generated - the read data is zeroed and the write is ignored.

* If the access is from the core's IOPORT, the required response is different -
recall this bus does not support any type of wait state insertion nor any type of
error termination. For IOPORT accesses that are not allowed, the reference is
treated as a RAZ/WI, the ARM notation for Read As Zero, Write Ignored.

* The GACRn registers will be accessible in Supervisor mode only. Protection to
GACRn registers provided via lock bit (in module itself) and via PACR register of
AIPS.

3.10.1.2 Instantiation Information

The maximum total number of GPIO pins for general purpose is 68 (number varies from
device to device). GPIO pins are configured as 8-pins per port. The peripheral bus
interface for the eGPIO operates at the bus clock.

Only one eGPIO ports have the digital filter feature for reduced noise and hardware
switch de-bouncing: Port E. The other ports do not have this feature .
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3.10.1.3 Clock Gating

The clock to the Enhanced General-purpose Input / Output (eGPIO) ports can be gated on
and off using the SCGCx[PORTX] bit. This bit is cleared after any reset, which disables
the clock to the respective eGPIO 8-pin port to conserve power. Prior to initializing the
module set SCGCx[PORTX] bit to enable the clock.

3.10.1.4 Debugger write to the I/0O port
A debugger write to the I/O port might be corrupted during a processor write.

A debugger can perform memory accesses through the Cortex-MO+ processor bus matrix
while the processor is running. Because of this, a debugger write to the I/O port might be
corrupted if it occurs while the processor is executing a write. The processor write
completes successfully. However, under specific timing conditions, the matrix might
incorrectly replace the debugger write data with the value zero. Although, this does not
affect debugger writes outside the I/O port region of the memory map, or debugger reads.

Conditions
The following timing-specific conditions must all be met:

* The processor is running (not halted in Debug state).
* The debugger performs a write within the I/O port region of the memory map.
* The processor performs a write.

Implications

The debugger might corrupt the targeted memory or configure the targeted device
incorrectly.

Workaround

The debugger can work around this by halting the processor in Debug state before
performing writes to the I/O port region of the memory map.

3.10.2 Segment LCD controller

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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NOTE
If the Segment LCD controller is not used, Vcapx and V4 can
be left floating. Vi3 must be tied with Vpp for normal power

up.
Peripheral bridge
Register
access
§
Module signals | &
Segment LCD 3
©
=
(7]
Figure 3-29. SLCD configuration
Table 3-51. Reference links to related information
Topic Related module Reference
Full description Segment LCD Segment LCD
System memory map System memory map
Clocking Clocking
Power management Power mangement
Signal multiplexing Port control Signal multiplexing

3.10.2.1 Instantiation information

The following table lists the Segment LCD (SLCD) support information information
across the KM platform devices.

Table 3-52. SLCD support!

Max. number of segments Configurations

Up to 288 Up to 8 backplanes and up to 40 front planes

Both 4x40 and 8x36 configurations are supported

1. The LCD controller can support multiplexing from x1 up to x8.

NOTE
* 5 V LCD glass is not supported
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3.10.2.1.1

* Default configuration of VSUPPLY is 0. Here VLL3 is

derived from VDD_3V internally. If VLL3 is derived from
any other source than VDD on board , there will be a
current between VLL3 and VDD at bootup. It is
recommended to have VLL3 derived from VDD on board
Vsupply options to generate VLL3 from
VLL2(VSUPPLY=0) can generate maximum 3.6 V on
VLL3 at MCU VDD(1.8 V-3.6 V)

KM family devices have a 1/3 bias controller that works
with a 1/3 bias LCD glass. To avoid ghosting, the LCD
OFF threshold should be greater than VLLI1 level. If the
LCD glass has an OFF threshold less than VLLI level, use
the internal VREG mode and generate VLLI1 internally
using RVTRIM option. This can reduce VLL1 level to
allow for a lower OFF threshold LCD glass.

LCD pin assignments

Configure the MUX field of the port control registers to assign the corresponding module
function to a pin. For normal operation of the LCD, use ALTO LCD functions.
Specifically for those pins that are default to other functions than LCD, these pins must
be configured to LCD function via port control registers as aforementioned. Or
malfunction may appear.
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Chapter 4
System Memory Map

4.1 Introduction

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

peripheral locations within that memory space.

4.2 System Memory Map

The following table shows the high-level device memory map:

Table 4-1. System memory map

only

System 32-bit Address Range Destination Slave Size Access
0x0000_0000-0x0001_FFFF Flash Memory 128 kB All masters
(Includes exception vectors in first 192 bytes)
0x0002_0000-0x1FFF_EFFF Reserved - -
0x1FFF_F000-Ox1FFF_FFFF SRAM_L: Lower SRAM 4 kB All masters
0x2000_0000-0x2000_2FFF SRAM_U: Upper SRAM 12 kB All masters
0x2000_3000-0x3FFF_FFFF Reserved - -
0x4000_0000-0x4007_EFFF AIPS peripherals - See AIPS peripheral slot 508 kB All masters
assignment for more details
0x4007_F000-0x400F_EFFF Reserved - -
0x400F_F000—0x400F_FFFF eGPIO Ports 4 kB All masters
0x4010_0000-0x43FF_FFFF Reserved - -
0x4400_0000—-0x5FFF_FFFF Peripheral Bit Manipulation Engine 448 MB Cortex MO+ core

0x6000_0000 — OxDFFF_FFFF Reserved -

0xE000_0000-0xEOOF_FFFF Private Peripherals 1000 kB

Cortex MO+ core

only

OxE010_0000-OxEFFF_FFFF Reserved -

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

System 32-bit Address Range Destination Slave Size Access
0xF000_0000-0xFFFF_FFFF Private Peripheral Bus (PPB) - See Private 256 MB Cortex MO+ core
Peripheral Bus (PPB) memory map for more details only
NOTE
» Exception vectors are included in first 1024 bytes of the
Flash Memory space

» Accesses to invalid memory ranges should cause a transfer
error exception.

* The 4 kB region of SRAM_U from 0x2000_0000 to
0x2000_2FFF block is the region of RAM left powered on
in low-power mode VLLS2.

* There are no bitband regions supported by MO+ (neither for
RAM nor peripheral)

4.3 Flash Memory Map

The flash array 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

Addresses for flash read accesses is determined according to the overall system memory
as shown in System Memory Map.

4.4 SRAM memory map

The on-chip RAM is split amongst SRAM_L and SRAM_U in the ratio of 1:3. The RAM
1s implemented such that the SRAM_L and SRAM_U ranges from a contiguous block in
the memory map.
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Accesses to SRAM_L and SRAM_U memory ranges outside the amount of RAM on the
device causes the bus cycle to be terminated with an error followed by the appropriate
response in the requesting bus master.

4.5 Peripheral bridge (AIPS-Lite) memory map

The peripheral memory map is accessible via one slave port on the crossbar in the
0x4000_0000-0x4007_FFFF region. The device implements one peripheral bridge that
defines a 512 KB address space.

NOTE
The eGPIO registers is present in the 0x400F_F000 -
0x400F_FFFF address range.

Slave peripheral space is divided into three regions:

* 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 380 KB region, partitioned as 95 spaces, each 4 KB in size and reserved for off-
platform modules. The AIPS controller generates unique module enables for all 95
spaces.

* A 4 KB region left reserved to have compatibility with Kinetis.

The AIPS controller supports disabling of individual slots via a bus of input control
signals. Unimplemented slots have their control signal tied off to disabled (logic 1).
Modules that have clock gate control bits (implemented in the SIM's SCGCx registers) to
disable system clocking to identified peripherals should also use these control bits to
enable/disable associated AIPS slots.

NOTE
When the associated SCGCx bit is logic 0, the disable input is
driven to logic 1.

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

For programming model accesses via the peripheral bridges, there is generally only a
small range within the 4 KB slots that is implemented. Accessing an address that is not
implemented in the peripheral results in a transfer error termination.
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Ideally the IP peripherals are implemented to indicate a transfer error to the AIPS
controller for accesses to the IP peripheral with an address that is not implemented.
Normally, all IPs should generate transfer errors for all unimplemented addresses in its
AIPS slot. In cases where a peripheral cannot be updated to fully support this
requirement, SoC level gasket logic is required to detect accesses to unsupported ranges
and generate transfer error detection to the AIPS controller. SoC level gasket logic must
also suppress the ips_module_en driven to that peripheral. This is need for the following
module(s):

1. the RNGA does not fully support transfer error. There are only 6 address lines input
(ips_addr[5:0]) and generates transfer error on unimplemented registers in this 64-
byte range. Top-level glue logic detects and generates the transfer error detection
beyond the 64-byte by decoding invalid accesses by monitoring the upper addresses
(ips_addr[11:6]) in the 4K slot.

The eGPIO module has two ports. The first port is connected to [IOPORT bus of the core
to allow direct and fast access to GPIO pins from the core. The other port of eGPIO is
active when access to 0x400F_FO000 - 0x400F_FFFF address space via the AIPS is done.

4.6 AIPS peripheral slot assignment

NOTE
* Slots 0-79 are 32-bit data width modules
* Slots 80-95 are 16-bit data width modules and
* Slots 96-126 are 8-bit data width modules
 Peripherals generate transfer error for reserved addresses in
their assigned slots

Table 4-2. Peripheral bridge slot assignments

System 32-bit base address Slot Module
number
0x4000_0000 0 AIPS Lite
0x4000_1000 1 Reserved for Platform Modules
0x4000_2000 2 Reserved for Platform Modules
0x4000_3000 3 Reserved for Platform Modules
0x4000_4000 4 —
0x4000_5000 5 —
0x4000_6000 6 —
0x4000_7000 7 —
0x4000_8000 8 DMA Controller (DMA)
0x4000_9000 9 —

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

System 32-bit base address Slot Module
number
0x4000_A000 10 Memory Protection Unit (MPU)
0x4000_B000 11 —
0x4000_C000 12 —
0x4000_D000 13 —
0x4000_E000 14 —
0x4000_F000 15 eGPIO!
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 —
Off-platform Modules
0x4002_0000 32 Flash Registers
0x4002_1000 33 DMA Mux 0
0x4002_2000 34 DMA Mux 1
0x4002_3000 35 DMA Mux 2
0x4002_4000 36 DMA Mux 3
0x4002_5000 37 —
0x4002_6000 38 —
0x4002_7000 39 —
0x4002_8000 40 —
0x4002_9000 41 Random Number Generator (RNGA)
0x4002_A000 42 —
0x4002_B000 43 SAR ADC
0x4002_C000 44 —
0x4002_D000 45 Programmable Interval Timer O (PITO)
0x4002_E000 46 PIT1
0x4002_F000 47 —

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

System 32-bit base address Slot Module
number

0x4003_0000 48 Analog Front End (AFE)?
0x4003_1000 49 —
0x4003_2000 50 —
0x4003_3000 51 —
0x4003_4000 52 Programmable CRC (PCRC)
0x4003_5000 53 —
0x4003_6000 54 —
0x4003_7000 55 —
0x4003_8000 56 —
0x4003_9000 57 —
0x4003_A000 58 —
0x4003_B000 59 —
0x4003_C000 60 Low Power Timer (LPTMR)
0x4003_D000 61 —
0x4003_E000 62 System Integration Module Low Power Logic (SIM_LP)
0x4003_F000 63 System Integration Module High Power Logic (SIM_HP)
0x4004_0000 64 —
0x4004_1000 65 —
0x4004_2000 66 —
0x4004_3000 67 Segment LCD (SLCD)
0x4004_4000 68 —
0x4004_5000 69 —
0x4004_6000 70 Port A Pin Mux Control (PORT A)
0x4004_7000 71 Port B Pin Mux Control (PORT B)
0x4004_8000 72 Port C Pin Mux Control (PORT C)
0x4004_9000 73 Port D Pin Mux Control (PORT D)
0x4004_A000 74 Port E Pin Mux Control (PORT E)
0x4004_B000 75 Port F Pin Mux Control (PORT F)
0x4004_C000 76 Port G Pin Mux Control (PORT G)
0x4004_D000 77 Port H Pin Mux Control (PORT H)
0x4004_E000 78 Port | Pin Mux Control (PORT I)
0x4004_F000 79 —
0x4005_0000 80 Independent Real Time Clock (iRTC)
0x4005_1000 81 iRTC 32 Byte Standby RAM (iRTC_RAM) or iRTC register file
0x4005_2000 82 —
0x4005_3000 83 Watchdog (WDOG)
0x4005_4000 84 —
0x4005_5000 85 Peripheral Crossbar (XBAR)
0x4005_6000 86 —

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

System 32-bit base address Slot Module
number
0x4005_7000 87 Quad Timer (TMR) Channel 0
0x4005_8000 88 Quad Timer (TMR) Channel 1
0x4005_9000 89 Quad Timer (TMR) Channel 2
0x4005_A000 90 Quad Timer (TMR) Channel 3
0x4005_B000 91 —
0x4005_C000 92 —
0x4005_D000 93 —
0x4005_E000 94 —
0x4005_F000 95 —
0x4006_0000 96 —
0x4006_1000 97 External Watchdog Monitor (EWM)
0x4006_2000 98 —
0x4006_3000 99 —
0x4006_4000 100 Module Clock Generator (MCG)
0x4006_5000 101 —
0x4006_6000 102 MHz Oscillator (OSC)
0x4006_7000 103 12C0
0x4006_8000 104 12CA1
0x4006_9000 105
0x4006_A000 106 UARTO
0x4006_B000 107 UART1
0x4006_C000 108 UART2
0x4006_D000 109 UART3
0x4006_E000 110 —
0x4006_F000 111 1.2V Voltage Reference (VREF)
0x4007_0000 112 —
0x4007_1000 113 —
0x4007_2000 114 Comparator (CMP)3
0x4007_3000 115 —
0x4007_4000 116 —
0x4007_5000 117 SPI0
0x4007_6000 118 SPI1
0x4007_7000 119 —
0x4007_8000 120 —
0x4007_9000 121 —
0x4007_A000 122 —
0x4007_B000 123 Reset Control Module (RCM)
0x4007_C000 124 Low Leakage Wakeup Unit (LLWU)
0x4007_D000 125 Power Management Controller (PMC)

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

System 32-bit base address Slot Module
number
0x4007_E000 126 System Mode Controller (SMC)
0x4007_F000 127 Reserved
0x400F_F000 — eGPIO (All ports: PTA to PTI)*

Alias of the eGPIO module

HPObd =

All channels covered in one module
This module has two comparators each with DAC and 8 channels
This address range is for accessing GPIO through AIPS. For single cycle access, IOPORT should be used

4.7 Private peripherals
Table 4-3. Private Peripherals

System 32-bit Address Range

Destination Slave

0xE000_0000—-0xE000_DFFF Reserved
0xE000_EO000—0xEO000_EFFF System Control Space(SCS)
0xE000_E000-0xE000_EOOF Reserved
0xE000_E010-0xE000_EOFF SysTick
0xE000_E100-0xE000_ECFF NVIC

0xE000_EDO0- 0xE000_EDS8F

System Control Block

0xE000_ED90-0xE000_EDEF Reserved
0xE000_EDF0-0xE000_EEFF Debug

0xE000_EF00-0xEO000_EFFF Reserved
0xE000_F000-0xEOOF_EFFF Reserved

OxEOOF_F000 - OXEOOF_FFFF

MO+ Core ROM Table

4.8 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. The MO+ core does not support a true "External
PPB". It has an IOPORT which is used to access the eGPIO.
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All of the resources shown in the table below are standard ARM supplied blocks
supporting the ARM Cortex-MO0+ except for the miscellaneous control modules.

Table 4-4. PPB memory map

System 32-bit Address Range Resource
0xF000_0000-0xF0O00_OFFF Micro Trace Buffer (MTB) for program trace
0xF000_1000-0xFO00_1FFF MTB Data Watchpoint and Trace
0xF000_2000-0xF000_2FFF Debug ROM Table
0xF000_3000—0xF000_3FFF Miscellaneous Control Module (MCM)
0xF000_4000-0xF7FF_FFFF Reserved
0xF800_0000-0xFFFF_FFFF IOPORT (connected to eGPIO)'

1. This port accesses one port of eGPIO while the other port of eGPIO is connected to AIPS as normal IPS connection

NOTE
The platform provides access control registers in the eGPIO

module thereby securing the accesses to GPIO. Please refer to
eGPIO chapter for more details.
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Chapter 5
Clock Distribution

5.1 Introduction

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

NOTE
Refer to SCGCx register in SIM chapter for granular shutoff of
modules

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

In addition, there are various other module-specific clocks that have other alternate
sources. Clock selection for most modules is controlled by the SOPT registers in the SIM
module.

5.2 High-Level clocking diagram

The following diagram shows how the overall clock generation structure operates.
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Note: See subsequent sections for details on where these clocks are used.
Clock path from 32k kHz IRC to PLL should not be used for metering use cases.
Clock from PLL or Oscillator should be used for high accuracy application (metering).

XTAL32 [X]

PMC logic

RTCCLKSEL

Figure 5-1. Clocking Diagram

Device's clocking architecture comprises of the following clock generators:
4 MHz and 32 kHz IRC Oscillators

* FLL

 PLL

1 kHz LPO

Additionally, the clocking logic provides for selecting any of the clock source or
bypassing them to use the clocks directly from the oscillator. More details on configuring
this logic is provided in the individual block chapters.

AFE Modulator Clock Generation: The PLL will drive the AFE modulator clock for
metering applications and optionally drive the core, flash and system clocks for non-
metering applications. When PLL is driving AFE clock, this clock should not be used for
any other module including the core, bus, flash and other peripherals as this is necessary
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to ensure good accuracy from AFE. If PLL clock is driving core, bus and flash clocks,
there could be some degradation in performance from AFE. The AFE can optionally be
clocked from MHz oscillator clock (provided it is less than 32 MHz - for crystal clock
and 50 MHz - externally supplied clock) and FLL clock when AFE accuracy is not
important (PLL can be disabled to save power in these cases). The final clock output
(MCGPLLCLK for AFE) is prescaled (from 1 to 256) inside the AFE Wrapper to
generate a clock with 50% duty cycle (must for AFE). See AFE section for more details.

NOTE
The 32 kHz IRC is not preferred to drive the PLL input
reference when device is used for metering applications (IRC &
FLL clocks are inaccurate clock sources for AFE). For general
purpose use, this IRC & FLL can be used.

For neutral disconnect case, FLL & PLL can be optionally disabled to save power and
IRC clock can be divided down to drive the AFE at reduced accuracy.

System Clocks Generation: The core, flash and bus clocks are generated using either
clock source that is generating the MCGOUTCLK (PLL can optionally drive both
MCGCLKOUT and clock to AFE; however for best accuracy in AFE, PLL should drive
clock to AFE only).

5.3 Clock definitions

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

Clock name Description

Core clock MCGOUTCLK divided by SYSDIV clocks the ARM Cortex-
MO+ core

System clock MCGOUTCLK divided by SYSDIV clocks the crossbar switch

and bus masters directly connected to the crossbar. In
addition, this clock is used for UART1 and UARTS3.

Bus clock MCGOUTCLK divided by SYSDIV*(SYSCLKMODE+1)
clocks the bus slaves and peripheral (excluding memories)

Flash clock MCGOUTCLK divided by SYSDIV*(SYSCLKMODE+1)
clocks the flash memory

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 (Mhz OSC clock or iRTC
OSC clock) that sources the core, system, bus and flash
clock. It is also an option for the debug trace clock.

MCGPLLCLK MCG output for AFE. Either of PLL clock, MHz OSC clock or
FLL clock can be used to drive this clock output.

Table continues on the next page...
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Clock name Description

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

OSCERCLK System oscillator output sourced from OSCCLK that may
clock some on-chip modules (e.g. WDOG, etc)

OSC32KCLK RTC Oscillator 32kHz output for iRTC

ERCLK32K System oscillator 32 kHz output for low range operation

LPO PMC 1kHz output

5.3.1 Device clock summary

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

Table 5-1. Clock Summary

Clock nhame Run mode VLPR mode Clock source Clock is disabled
when...
clock frequency clock frequency
MCGOUTCLK Up to 50 MHz Up to 2 MHz MCG In all stop modes
Core clock Up to 50 MHz Up to 2 MHz MCGOUTCLK clock In all wait and stop
divider modes
System clock Up to 50 MHz Up to 2 MHz MCGOUTCLK clock In all stop modes
divider
Bus clock Up to 25 MHz Up to 1MHz MCGOUTCLK clock In all stop modes
divider
Flash clock Up to 25 MHz Upto 1 MHz MCGOUTCLK clock In all stop modes
divider

AFE Modulator Clock

30 kHz to 6.5 MHz

30 kHz to 6.5 MHz': 2

Output of Prescaler in
AFE Wrapper. See AFE
section for details on all
sources

AFE is disabled

AFE Clock (Externally
supplied clock)

30 kHz to 50 MHz

30 kHz to 50 MHz

AFE_CLK pin

AFE is disabled

Internal reference
(MCGIRCLK)

4 MHz/32 kHz3

4 MHz/32 kHz3

MCG

MCG_C1[IRCLKEN]
cleared, (clock disabled
in any mode) or

Stop mode and
MCG_C1[IREFSTEN]
cleared, or

VLLS mode

External reference
(OSCERCLK)

Up to 50 MHz (bypass),
32-40 kHz (crystal), or
4 -32 MHz (crystal)

Up to 8 MHz (bypass),

32-40 kHz (low-range
crystal)

System OSC

System OSC's
OSC_CR[ERCLKEN]
cleared (clock disabled
in any mode), or

Stop mode and
OSC_CR[EREFSTEN]
cleared

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
External reference  |30-40 kHz 30-40 kHz System oscillator 32 System OSC's
32kHz kHz output for low OSC_CR[ERCLKEN]
(ERCLK32K) range operation. cleared
LPO 1 kHz 1 kHz PMC in VLLSO

—

2. When AFE clock source is IRCLK, max frequency is 4 MHz.
3. Clock selectable by software. Default: 4 MHz (internally divided by 2 after reset)

5.4 Internal clocking requirements

When AFE is in low power mode, the maximum modulator clock can be 1 MHz

The clock dividers are programmed via the SIM module’s CLKDIV registers. Each
divider is programmable from a divide-by-1 through divide-by-16 setting. The following

requirements must be met when configuring the clocks for this device:

1. The core and system clock frequencies must be 50 MHz or slower.

2. The bus/flash clock frequency must be programmed to 25 MHz or less and an integer

divide of the core clock.
3. The lowest frequency configured for bus clock should always be more than 32.768
kHz clock (preferably twice or more).
4. The PLL clock will be 14.65 MHz or less for the AFE. This clock is prescaled
internal to AFE before being used.

The clock ratio of core:bus:flash that will be support is 2:1:1 when core clock > 25 MHz

and 2:1:1 or 1:1:1 when core clock is <= 25 MHz.

5.4.1 Clock divider values after reset

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

FTFL_FOPT Core/system clock | Bus clock Flash clock Description
[LPBOOT]
0 0x7 (divide by 8) OxF (divide by 16) OxF (divide by 16) Low power boot
0x0 (divide by 1) 0x1 (divide by 2) 0x1 (divide by 2) Fast clock boot
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This gives the user flexibility for a fast boot with higher power consumption vs lower
frequency and low-power boot option. The flash erased state defaults to fast clocking
mode, because where the low power boot (FTFL_FOPT[LPBOQOT]) bit resides in flash is
at logic 1 in the flash erased state.

To enable the slow boot option program FTFL_FOPT[LPBOOT] to zero. After power up
LPBOQOT can be configured. Upon any system reset, the clock dividers return to this
configurable reset state.

* Clock divider setting can be user-programmed on-the-fly without clock glitches.
Control logic handles stalling and restarting the clocks. Supports divide-by-1 through
divide-by-16.

5.4.2 VLPR mode clocking

They must be programmed prior to entering VLPR mode to guarantee:

* the core/system clocks are less than or equal to 2 MHz, and
* the flash memory and bus clocks are less than or equal to 1 MHz

5.4.3 Enable PLL in VLPR or VLPR and PSTOP1
The following steps are used to enable PLL in VLPR mode (after VLPR boot):

* Device boots in VLPR mode.

e Enable PMC band-gap by configuring corresponding register in D_PMC.

e Set SIM_CTRL_REG[PLL_VLP_EN]

* CLEAR the MCG LP bit MCG_C2[1]=0 and set the MCG PLLCLKEN bit
e Wait for MCG LOCK bit to set

* Once PLL clock is available configure AFE and start conversion

Steps to enable PLL in VLPR mode (after RUN boot):

* Device boots in RUN mode.

e Program SMC to enter VLPR mode

e Enable PMC band-gap by configuring corresponding register in D_PMC.

e Set SIM_CTRL_REG[PLL_VLP_EN] field

* CLEAR the MCG LP bit MCG_C2[1]=0 and set the MCG PLLCLKEN bit
» Wait for MCG LOCK bit to set

* Once PLL clock is available configure AFE and start conversion

Steps to keep PLL enabled in Partial Stop 2 mode:
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» Set PLL_STPEN bit in MCG before entering Stop mode.

e Program STOPM = 000 and PSTOPO =01 in SMC

» Set SLEEPDEEP bit in ARM to enter Partial stop Mode.

» Use Async. DMA feature for the use-case if required to read result registers of AFE

NOTE
» If PLL is already enabled in RUN and MCU is made to
enter VLPR mode, the PLL will remain active.
* Some restrictions that the user software needs to care
about:

» If SIM_CTRL_REG[PLL_VLP_EN] field is set
software should ensure proper clock configuration
before entering VLP mode as hardware checking is
overridden.

* In case user wants to switch to any low power
mode(VLLSx, VLPS) from VLP mode,
SIM_CTRL_REG[PLL_VLP_EN] field need to be
cleared prior to mode transtion to VLLSx, VLPS mode.

e In VLP mode when PLL is enabled user should not
disable the PMC bandgap

* RUN->VLPR(also with PSTOP1)->RUN

e RUN->VLPR(+PSTOP1)->RESET are valid transition
with the feature enabled.

* If the feature is not required or if FLL needs to be
enabled “SIM_CTRL_REG[PLL_VLP_EN]” needs to
be cleared.

5.5 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.

5.6 Module clocks

The following table summarizes the clocks associated with each module.
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Table 5-2. Module clocks

Module

Bus interface clock

Internal clocks/

Protocol clocks

I/0 interface clocks

Core modules

ARM Cortex-MO0+ core System clock Core clock —
NVIC System clock — —
Single Wire Debug — — SWD_CLK
System modules
DMA System clock = =
DMA Mux Bus clock — —
Port control Bus clock LPO —
Crossbar Switch System clock = =
Peripheral bridges System clock Bus clock —
MPU System clock = =
LLWU, PMC, SIM Bus Clock LPO —
Mode controller Bus Clock — —
EWM Bus clock LPO/MCGIRCLK/ —
OSC32KCLK/ERCLK32K
Watchdog timer Bus clock LPO/OSC32KCLK/ —
MCGIRCLK/ERCLK32K
Peripheral Crossbar (XBAR) Bus clock — —
Clocks
MCG Bus clock MCGOUTCLK, MCGPLLCLK, —
MCGFLLCLK, MCGIRCLK,
OSCERCLK
0OSsC Bus clock OSCERCLK —
Memory and memory interfaces
Flash Controller System clock Flash clock —
Flash memory Flash clock Flash Oscillator Clock! =
Security
PCRC Bus clock — —
RNGA Bus clock — —
Analog
AFE Bus clock MCGPLLCLK, MCGFLLCLK, AFE_CLK
MCGIRCLK, TMR_0 output?
CMP Bus clock — —
VREF Bus clock — —
SAR ADC Bus Clock OSCERCLK —
Timers
PIT Bus clock — —
LPTMR Bus clock LPO, OSCERCLK, —

MCGIRCLK, ERCLK32K

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

Module Bus interface clock Internal clocks/ 1/0 interface clocks
Protocol clocks
iRTC Bus clock EXTAL32, Fine —
Compensation Clock®
Quad Timer Bus clock Selectable via XBAR —
Communication interfaces
SPI System clock = SCK
12C Bus clock — SCL

UART1, UART3

System clock

UARTO, UART2

Bus clock

Human-mach

ine interfaces

GPIO

System clock

Segment LCD

Bus Clock

OSC32KCLK, MCGIRCLK

MHz

Selection done inside AFE Wrapper
This clock can be 2 MHz or 4 MHz. Selection done via register bitin MCG

Internal clock switches to Flash Clock when booting in VLPR and/or NVOPT[5] bit is asserted.
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Chapter 6
Reset and Boot

6.1 Reset

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

6.1.1 System resets and sources

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

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

* Reads the start PC from vector-table offset 4

* LR is set to OxFFFF_FFFF

All on-chip peripheral modules are disabled and the non-analog 1/O pins are initially
configured as disabled. Refer to Pinouts and Packaging chapter for exceptions. The pins
with analog functions assigned to them default to their analog function after reset.

The various system reset sources are discussed in the following sub-sections.

6.1.1.1 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.
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As the supply voltage rises, the LVD circuit holds the MCU in reset until the supply has
risen above the LVD low threshold (Vi yip). The POR and LVD bits in SRSL register
are set following a POR.

6.1.1.2 External pin reset (RESET)

On this device, RESET is a dedicated pin. This pin is open drain and has an internal pull-
up device. Asserting RESET wakes the device from any low power mode.

NOTE
Using the LLWU module, RESET is always enabled as a
wakeup source in VLLS mode (if RESET pin is not configured
as GPIO). The wakeup will always cause a CPU reset flow on
exit from these power modes.

6.1.1.2.1 Reset pin filter

The RESET pin supports digital filtering in all modes of operation. For VLLS3/2/1
modes, the LLWU provides an optional fixed digital filter running off the 1 kHz LPO
clock. See the LLWU chapter for operation of this filter. During non-low leakage
operation, there are two clock options for the RESET pin filter — the 1kHz LPO clock and
the bus clock.

This RESET pin filter implemented in RCM logic includes a separate filter for each clock
source. In Stop and VLPS operation this logic either switches to bypass operation or has
continued filtering operation depending on the filtering mode selected.

There are several modes defined — See the RCM_RPFC register description in RCM
module for more details. Both filters are reset on POR, LVD, and wakeup from VLLS.
The reset value for each filter defaults to off (non-detect).

The LPO filter is simple with a fixed filter value count of 3. There is also a synchronizer
on the input signal that results in an associated latency (2 cycles). As such, it takes 5
cycles to complete a transition from low-to-high or high-to-low. The LPO Filter
initializes to off (logic 1) when the LPO filter is not enabled.

The Bus Filter initializes to off (logic 1) when the Bus Filter not enabled. When the Bus
Filter is enabled, the number of counts is controlled by RCM_RPFW[RSTFLTSEL[4:0]].
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6.1.1.3 Low-voltage detect (LVD) reset

This device includes a system to protect against low voltage conditions to protect
memory contents and control MCU system states during supply voltage variations. The
system is comprised of a power-on reset (POR) circuit and a low-voltage detect (LVD)
circuit with a user-selectable trip voltage, either high (V{ ypy) or low (Vi ypr). The trip
voltage is selected by the LVDSC1[LVDV] bits. The LVD system is always enabled in
normal run, wait, and stop modes. The LVD system is disabled in VLPx, and VLLSx
modes. Refer to Power Management Controller (PMC) chapter for more details.

The LVD can be configured to generate a reset upon detection of a low voltage condition
by setting LVDSC1[LVDRE]. After an LVD reset has occurred, the LVD system holds
the MCU in reset until the supply voltage rises above the low voltage detection threshold.

The SRSL[LVD] bit is set following an LVD reset or POR.

6.1.1.4 Watchdog reset

The watchdog timer monitors the operation of the system by expecting periodic
communication from the software, generally known as servicing (or refreshing) the
watchdog. If this periodic refreshing does not occur, the watchdog issues a system reset.
The WDOG reset causes the SRSL[WDOG] bit to set.

6.1.1.5 Low leakage wakeup (LLWU) reset

The LLWU allows 16 external pins, the RESET and NMI pin, and up to five internal
peripherals to wake the MCU from VLLSx power modes. The LLWU module is only
functional in VLLSx power modes. In these modes, any VLLS mode exits via a wakeup
or reset event, the SRSL[WAKEUP] bit in mode controller module is set indicating the
low leakage mode was active prior to the last system reset flow. Using the RESET pin to
trigger an exit from VLLS results in the SRSL[PIN] bit being set as well. Refer to the
mode controller chapter for more details.

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

NOTE
Pin wakeup and error condition flags are cleared in the LLWU
and module wakeup flags are required to be cleared in the
peripheral module. Refer to the individual peripheral
specifications for more information.
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6.1.1.6 Stop acknowledgement reset

Prior to entering any low power mode where module clocks are being gated, the SMC
expects every module to provide a stop_ack signal which indicates that the module can be
put into low power mode. If such a response is expected from a module and is not
received till a certain timeout period, a reset is generated and the reset sequence is
executed and chip starts over again. This reset generation due to non-receipt of stop_ack
is call the "stop ack reset".

Stop acknowledgement is generated by modules that want to delay entry into low power
mode until their current operation is complete. Peripherals that may generate stop_ack
signal are:
* AFE—Optionally active in low power mode, however if stopped, module must
complete the current conversion before entering low power mode
* SAR—Optionally active in low power mode, however if stopped, module must
complete the current conversion before entering low power mode
* [2C—Will complete current transfer and enter low power mode if configured to halt
in the low power mode
e Other modules include—Flash, Port control blocks, PIT, DMA

6.1.1.7 Multipurpose clock generator loss-of-clock (LOC) reset

The MCQG includes a clock monitor. The clock monitor resets the device when the
following conditions are met:

* The clock monitor is enabled MCG_C6[{CME] = 1)
» The MCG's external reference clock falls outside of the expected frequency range,
depending on the MCG_C2[RANGE] bit

The RCM_SRSL[LOC] bit is set to indicate the error.

6.1.1.8 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
SRS1[SW] bit to set.
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6.1.1.9 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 SRSH[LOCKUP] bit to
set.

6.1.1.10 Debug reset (DAP reset)

The chip can be reset while in debug mode by generating a DAP reset. The reset
command is sent to the DAP (Debug Access Port) which when decoded generates a
system reset and the chip executes the reset sequence. Refer to Debug chapter for more
details on this reset.

6.2 Boot

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

6.2.1 Boot sources

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

6.2.2 Boot options

The device boots up in functional mode by default after any reset or power up. The
device boots up using the internal flash as the boot source.

6.2.3 FOPT boot options

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

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

Table 6-1. Flash Option Register (FTFL_FOPT) Bit Definitions

Bit Field Value | Definition
Num
7-6 Reserved - Reserved for future expansion
5 CLK_SRC! 1 Internal clock source used by Flash
0 Externally supplied clock used by Flash
Reserved - Reserved for future expansion
EXE_MODE? 1 Execution Mode is VLPR Mode
0 Execution Mode is RUN Mode
2 NMI_EN 1 NMI_B pin is enabled. NMI functionality is enabled
0 NMI_B pin is disabled. NMI functionality is disabled
1 Reserved - Reserved for future expansion
0 LPBOOT 0 |[Slow boot: SYSDIV and SYSCLKMODE values in SIM_CLKDIV1 register are auto-

configured at reset exit for higher divide values that produce lower power
consumption at reset exit.
» Core and system clock divider (SYS_DIV) is set to 0x7 (divide by 8)

1 Fast boot: SYSDIV and SYSCLKMODE values in SIM_CLKDIV1 register are auto-
configured at reset exit for higher frequency values that produce faster operating
frequencies at reset exit.

* Core and system clock divider (SYS_DIV) is set to 0x0 (divide by 1)

1. This bit has effect only in RUN mode boot up. Ignored in VLPR boot.
2. This bit will not change mode for boot automatically and is different from the RTC Boot Override bit. This bit is for software
so that a startup code can change mode based on setting of this bit whenever it is executed on every boot up

6.2.4 Boot sequence

6.2.4.1 Boot Up Process

NOTE
The steps described are common to boot in RUN or boot in
VLPR unless explicitly mentioned for that step.

NOTE
Boot will happen in RUN mode unless overridden using RTC
bit (Hardware override - takes effect from next reset) or
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NVOPT bit (EXE_MODE—Software override). EXE_MODE
does not change mode automatically but software can check the
setting of this bit and change mode accordingly.

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

1.
2.

3.

10.

A system reset is held on internal logic, the RESET pin is driven out low
SMC enters RUN or VLPR mode (depending on override bit in RTC) keeping LVD
enabled in either case.
The MCQG is enabled in its default clocking mode in which this is needed to ensure
low startup current during Missing Neutral Scenario Recommendations.

* System will boot-up in BLPI (Bypass Low Power Internal) with 4 MHz IRC

being used and FLL disabled.

All module clocks except RTC clock are disabled. iRTC is the only module that can
function after POR as it is in separate power domain (VBAT). SMC and modules
needed for boot will be active.
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
Early in reset sequencing the NVM option byte is read and stored to FOPT. If the
CLK_SRC bit is programmed clear, the Flash initialization switches to slower clock
(when in RUN mode). When in VLPR mode, the Flash initialization happens on
slower clock from beginning and does not depend on CLK_SRC bit value. If the bits
associated with LPBOQT are programmed for an alternate clock divider reset value,
the system/core clock is switched to an even slower clock speed.

. When Flash Initialization completes, the RESET pin is observed. If RESET

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

At release of system reset, LVD is disabled provided boot happens in VLPR mode
(LVD not disabled in RUN mode boot).

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

and link register (LR). The processor reads the start SP (SP_main) from vector-table
offset 0. The core reads the start PC from vector-table offset 4. LR is set to
OxFFFF_FFFF.

If the NMI input is low and the NMI_EN bit equals 1, this results in an NMI
interrupt. The processor executes an Exception Entry and reads the NMI interrupt
handler address from vector-table offset 8. The CPU begins execution at the NMI
interrupt handler.
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11. If NMI input is high when the system exits reset then the CPU begins execution at
the PC location.

Subsequent system resets follow this reset and boot flow.
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Chapter 7
Power Management

7.1 Introduction

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

7.2 Power Modes

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

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.

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.

Depending on the stop requirements of the user application, a variety of stop modes are
available that provide state freeze (by clock gating), 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.

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
(RUN) chip voltage regulator is on.

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

Chip mode Description Core mode Normal
recovery
method
Normal Wait | Allows peripherals to function while the core is in sleep mode, thus Sleep Interrupt
(WAIT) - via WFI |reducing power. NVIC remains sensitive to interrupts; peripherals
continue to be clocked. Flash can be optionally kept off to reduce
leakage current further.
Partial STOP2 |Core and System clocks are gated while Bus clock is active. Allows Sleep Deep Interrupt
(PSTOP2) peripherals to function. Clock generators and regulators are fully
functional. AWIC is used to wake up from async. interrupt. Less power
consumption than WAIT. Can be entered from both RUN & VLPR
modes.
Partial STOP1 |Core, System and Bus clocks are gated. Peripherals working on Sleep Deep Interrupt
(PSTOP1) different clock source will continue to operate. Clock generators and
regulators are fully active. AWIC is used to wake up from async.
interrupt. Less power consumption than PSTOP2 but higher than
STOP. Can be entered from both RUN & VLPR modes.
Normal Stop |Places chip in static state. Lowest power mode that retains all registers Sleep Deep Interrupt
(STOP) - via |while maintaining LVD protection. NVIC is disabled; AWIC is used to
WEFI wake up from interrupt; peripheral clocks are stopped.
Very Low Power | On-chip voltage regulator is in a low power mode that supplies only Run Interrupt
Run (VLPR) |enough power to run the chip at a reduced frequency. Reduced
frequency Flash access mode (1 MHz); LVD off; internal oscillator
provides a low power 2 MHz source for the core, the bus and the
peripheral clocks.
Very Low Power | Same as VLPR but with the core in sleep mode to further reduce Sleep Interrupt
Wait (VLPW) - | power; NVIC remains sensitive to interrupts (FCLK = ON). On-chip
via WFI voltage regulator is in a low power mode that supplies only enough
power to run the chip at a reduced frequency.
Very Low Power |Places chip in static state with LVD operation off. Lowest power mode Sleep Deep Interrupt
Stop (VLPS) - |with ADC and pin interrupts functional. Peripheral clocks are stopped,
via WFI but LPTimer, iRTC, CMP, can be used. NVIC is disabled (FCLK =
OFF); AWIC is used to wake up from interrupt. On-chip voltage
regulator is in a low power mode that supplies only enough power to
run the chip at a reduced frequency. All SRAM is operating (content
retained and I/O states held).
VLLS3 (Very |Most peripherals are powered off but LLWU, LPTMR, iRTC, CMP can Sleep Deep Wakeup Reset'
Low Leakage |be used. NVIC is disabled; LLWU is used to wake up.
Stop3) Full SRAM remains powered on (content retained and I/O states held).
VLLS2 (Very |Most peripherals are powered off but LLWU, LPTMR, iRTC, CMP can Sleep Deep | Wakeup Reset!
Low Leakage |be used. NVIC is disabled; LLWU is used to wake up.
Stop2) 4 kB of SRAM is powered on (content retained and I/O states held).
VLLS1 (Very |Most peripherals are powered off but LLWU, LPTMR, iRTC, CMP can Sleep Deep Wakeup Reset'
Low Leakage |be used. NVIC is disabled; LLWU is used to wake up; Internal
Stop1) regulator is disabled; LPO & Brown-out are powered
All of SRAM is powered off. The 32-byte VBAT register file remain
powered for customer-critical data.
VLLSO (Very |LLWU, iRTC can be used. All SRAM powered off. NVIC disabled; Sleep Deep Wakeup Reset!
Low Leakage |Internal regulator is disabled; LPO is OFF. Brown-out detection is
Stop 0) configurable

Table continues on the next page...

KM Family Reference Manual, Rev. 1, 09/2014

138

Freescale Semiconductor, Inc.




Chapter 7 Power Management

Table 7-1. Chip power modes (continued)

Chip mode Description Core mode Normal
recovery
method
BAT (backup |The chip is powered down except for the VBAT supply. The iRTC and Off Power-up
battery only) |the 32-byte VBAT register file for customer-critical data remain Sequence
powered. This mode can be entered when VDD gets removed or by
using the Wakeup FeatureExternal LDO Wakeup Control in RTC.

1. Follows the reset flow with the LLWU interrupt flag set for the NVIC.

7.3 Entering and exiting power modes

The WFI instruction invokes wait and stop modes for the chip. The processor exits the
low-power mode via an interrupt (Reset causes chip to go into Run/VLPR mode - current
boot-up power mode). The NVIC controls what peripherals can cause interrupts.

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

The wake-up flow from VLLSx is through reset. The wakeup bit in the SRS registers in
the Mode Controller is set indicating that the chip is recovering from a low power mode.
Code execution begins; however, the I/0O pins are held in their pre-low-power mode entry
states, and the oscillator is disabled (even if EREFSTEN had been set before entering
VLLSx). Software must clear this hold by writing a 1 to the ACKISO bit in the Control
and Status register in the LLWU module Regulator Status and Control Register in the
PMC module.

NOTE

To avoid unwanted transitions on the pins, software must re-
initialize the I/O pins to their pre-low-power mode entry states
before releasing the hold.

The oscillator cannot be re-enabled before the ACKISO bit is cleared and must be
reconfigured after the hold is released.
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7.4 Power mode transitions

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

Any reset

Figure 7-1. Power mode state transition diagram
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7.5 Power modes shutdown sequencing

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

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

When entering the non-wait modes, the chip performs the following sequence:

* Shuts off Core Clock and System Clock to the ARM Cortex-M0+ core immediately.

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

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

In wait modes, most of the system clocks are not affected by the low power mode entry.
The Core Clock to the ARM Cortex-MO0+ core is shut off. Some modules support stop-in-
wait functionality and have their clocks disabled under these configurations.

7.6 Module Operation in Low Power Modes

The following table illustrates the functionality of each module while the chip is in each
of the low power modes. Number ratings (such as 2 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, limited
peripherals can be chosen to work and hence mentioned as Optionally Active.

* static = Module register states and associated memories are retained (clock to those
blocks are gated).

* powered = Memory is powered to retain contents.

* low power = Flash/Memory or Regulator has a low power state that retains
configuration registers to support faster wakeup.
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* OFF = Modules are powered off; module is in reset state upon wakeup (VLLSx

modes)

* ON = Modules are powered on (VLLSx modes)
» wakeup = Modules can serve as a wakeup source for the chip.
* Optionally Active = Software can configure if module will be "FF" or "static" in

particular low power mode

Table 7-2. Module operation in low power modes

Modules | WAIT/PSTOP2 [ STOP/PSTOP1|  VLPR | viPw | VLPS VLLSx
Core modules
NVIC FF static FF FF static OFF
SWD Optionally Active | Optionally Active | Optionally Active | Optionally Active | Optionally Active OFF
System modules
Mode Controller FF FF FF FF FF ON
AWIC static FF static static FF OFF
LLwu? static static static static static ON?2
Regulator ON ON low power low power low power low power in
VLLS2/3, OFF in
VLLS0/1
LVD ON ON disabled disabled disabled disabled
Brown-out ON ON ON ON ON ONin
Detection VLLS1/2/3,
optionally
disabled in
VLLS0?
DMA* Optionally active Optionally Optionally active | Optionally active Optionally OFF
active® active®
Watchdog FF Optionally active FF Optionally active | Optionally active OFF
EWM Optionally active static Optionally active static static OFF
XBAR Optionally active static® Optionally active | Optionally Active static® OFF
Clocks
1kHz LPO FF FF FF FF FF ONin
VLLS1/2/3, OFF
in VLLSO
System Optionally active | Optionally active | Optionally active | Optionally active | Optionally active | limited to low
Oscillator (OSC) | OSCERCLK OSCERCLK OSCERCLK OSCERCLK OSCERCLK | range/low power
in VLLS1/2/3,
OFF in VLLS0
MCG# FF static - IRCLK 2 MHz IRC 2 MHz IRC static - no clock OFF
optional; FLL output
optionally on but
gated
PLL 32k Optionally active | Optionally active | Optionally active | Optionally active | Optionally active OFF
Core clock static static 2 MHz max static static OFF
System clock FF® static 2 MHz max 2 MHz max static OFF
Bus clock FF static 1 MHz max 1 MHz max static OFF
Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)

Modules | WAIT/PSTOP2 | STOP/PSTOP1 | VLPR [ vipw | VLPS | VLLSx
Memory and Memory Interfaces
Flash Optionally in low powered 1 MHz max low power low power OFF
power or FF (no access - no
program) program
SRAM low power low power low power low power low power low power in
VLLSS, 4kB
powered in
VLLS2,
OFF in
VLLSO0/1
iRTC register powered powered powered powered powered powered
file™0
Communication interfaces
UART Optionally active | static, wakeup |Optionally active | Optionally active | static, wakeup OFF
on edge 125 kbps for 125 kbps for on edge
UART1/UART3 | UART1/UART3
if active if active
62.5 kbps for 62.5 kbps for
UARTO/UART2 | UARTO/UART2
if active if active
SPI Optionally active static Optionally active | Optionally active static OFF
1 Mbps if active | 1 Mbps if active
12C Optionally active | static, address | Optionally active | Optionally active | static, address OFF
match wakeup 100 Kbps if 100 Kbps if match wakeup
active active
Security
CRC Optionally active static Optionally active | Optionally active static OFF
RNGA static static Optionally active static static OFF
Timers
PIT Optionally active static Optionally active | Optionally active static OFF
LPTMR Optionally active | Optionally active | Optionally active | Optionally active | Optionally active FF11
TMR Optionally active static Optionally active | Optionally active static OFF
RTC, POR and FF FF FF FF FF FF
32kHz OSC'0
Analog
16-bit SAR ADC | Optionally active | Optionally active | Optionally active | Optionally active | Optionally active OFF
ADC internal ADC internal
clock only clock only
CMP12 Optionally active HS or LS Optionally active | Optionally active HS or LS LS compare in
compare compare VLLS1/2/3, OFF
in VLLSO
AFE Optionally active Optionally Optionally Optionally active Optionally OFF
active'3 active'* active'®
Table continues on the next page...
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Table 7-2. Module operation in low power modes (continued)

Modules WAIT/PSTOP2 | STOP/PSTOP1 VLPR VLPW VLPS VLLSXx
VREF16 Optionally active Optionally Optionally Optionally Optionally OFF
activel” activel” activel” activel”

Human-machine interfaces

GPIO wakeup wakeup Optionally active wakeup wakeup OFF, pins
latched

Segment LCD'8 | Optionally active | Optionally active | Optionally active | Optionally active | Optionally active Optionally
active.19.20

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

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

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

4. Async DMA request allows DMA to operate in low power modes without waking up CPU.

5. DMA can be used if a module generates Async DMA request (for e.g. AFE)

6. Configured signal paths are fully functional but register states are retained.

7. In VLLSx mode, design does not guarantee operation of system oscillator in high freg/gain.

8. SOC cannot enter in VLPR mode until the LP bit in MCG_C2 register is set to 1.

9. System clock, clock used by core will be gated. Enabled only for active peripherals

10. These components remain powered in VBAT power mode.

11. System OSC and LPO clock sources are not available in VLLSO

12. CMP in stop or VLPS supports high speed or low speed external pin to pin or external pin to DAC compares. CMP in
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, or VLLSx modes.

13. As long as modulator clock is not gated, AFE can work.

14. Will operate in low power mode of AFE for missing neutral scenario.

15. PLL is not available in VLPS. AFE can run off other clock sources.

16. VREF can be configured to operate in low power buffer mode (cannot drive VREF pin)

17. Can be configured to work in low power buffer mode

18. LCD IOs will continue to drive last value being driven before entering low power mode

19. End of Frame wakeup not supported in VLLSx

20. In VLPS and VLLSx modes, SLCD can be configured to continue displaying the current LCD panel contents.

7.7 Clocking modes

Information found here describes the various clocking modes supported on this device.

7.7.1 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.
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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.

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.

PSTOPI1 is functionally similar to Stop mode, but offers faster wake-up 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.

7.7.2 DMA Wakeup

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

When a DMA wake-up 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 wake-up 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.
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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 wake-up 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 wake-up negates and the DMA completes the
current transfer, the device will transition back to 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.

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 wake-up 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 wake-up completes, entry into the low power mode will restart.

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

A DMA wake-up 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.

7.7.3 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.
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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.

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 (MCM_CPO), which
1s only accessible to the CPU. Setting or clearing MCM_CPO[CPOREQ)] 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 field in the CPO register of
MCM module (MCM_CPO[CPOACK]) indicates when entry has completed.

e When exiting Compute Operation in Run mode, MCM_CPO[CPOACK] 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 that
MCM_CPO[CPOACK] is polled to determine when the AIPS peripheral space can
be accessed without generating a bus error.

The DMA wake-up is also supported during Compute Operation and causes

MCM_CPO[CPOACK] to clear and the AIPS peripheral space to be accessible for the
duration of the DMA wakeup. At the completion of the DMA wake-up, the device
transitions back into Compute Operation.
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7.7.4 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 memory 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.

e The CPU is in Compute Operation, including the entry sequence and for the duration
of a DMA wakeup.

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 memory 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 wake-up 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.

7.7.5 Clock gating

To conserve power, the clocks to most modules can be turned off using the SCGCx
registers in the SIM module. The bits of these registers 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, see the Clock Distribution and SIM
chapters.
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Security

8.1 Introduction

This device has been designed to consider aspects of system reliability that includes
robust watchdog mechanism with enhanced features to satisfy safely standards IEC
60730 for the appliance market. These are also useful for other applications like medical
where fault tolerance is important.

This micro-controller also includes an external watchdog monitor that can monitor
external events like power supply.

8.2 External Watchdog Monitor

Device includes additional watchdog Monitor apart from the main Watchdog (WDOG) to
monitor external circuits as well as the MCU software flow. This provides a back-up
mechanism to the internal watchdog that resets the MCU’s CPU and peripherals.

The EWM differs from the internal watchdog in that it does not reset the MCU’s CPU
and peripherals. The EWM if allowed to time-out, provides an independent output
pin(EWM_out) that when asserted resets or places an external circuit into a safe mode.
This can be very useful for example to monitor external supplies if they don’t behave in a
specific way, switch off a relay to make a critical signal line go open circuit.

EWM in conjunction with the standard internal watchdog that is included on the MCU,
provides additional safety for critical circuits
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8.2.1 EWM Counter

The 8-bit EWM counter if fed from a clock source that is independent of the CPU clock
source. As the preferred time-out is between 1 ms and 100 mS the actual clock source
should be in the khZ range. The clock source comes from the same 1 KHz LPO clock that
feeds the independent clocked watchdog.

The 8-bit ripple counter is reset to 0x00 after a CPU reset or an EWM refresh cycle. The
8-bit ripple counter value is not accessible to the CPU.

The EWM 8-bit compare registers are write once after a CPU reset and cannot be
modified until another CPU reset occurs. The EWM compare registers are used to create
a time window, when the CPU services/refreshes the EWM module.

If the CPU services the EWM when the counter value lies between EWM Compare Low
Value(EWMxCMPL) and EWM Compare High Value (EWMxCMPH) value, the counter
1s reset to 0x00.

If the CPU executes a EWM service/refresh outside this time window, EWM_out is
asserted.

8.2.2 EWM_out Signal

The EWM_out is a digital output signal used to gate an external circuit (application
specific) that control safety critical functions. For example, the EWM_out can be
connected to the high voltage transistors circuits that control an AC motor in large
appliance or to the power supply on board.

The EWM_out signal is de-asserted when the EWM is being regularly serviced by the
CPU, indicating that the application code is executing as expected. When an error
condition occurs, the EWM_out is asserted.

Once the EWM_out pin is asserted, it can only be de-asserted by forcing a MCU reset.

8.2.3 EWNM._In Signal

The EWM_in 1s a digital input signal that allows an external circuit to control the
EWM_out signal. For example, in the application, an external circuit monitors a safety
specific feature, and if there is fault with this circuit’s behavior, it can then actively
initiate the EWM_out signal that controls the gating circuit. If the EWM is connected to
external Power supply, EWM_In can indicate failure or problem with the supply thus
asserting the feedback signal (EWM_out). Application may choose to reset in this case.
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8.3 Robust Watchdog for Improved System Reliability

For the metering application, it is of utmost importance that the system must display a
high degree of fault tolerance, so that if and when faults like software crashes happen, it
is able to recover quickly and bring itself into a safe state. With the introduction of the
IEC 60730 standards, it is required that even automatic electronic controls in household
appliances ensure safe and reliable operation of their component.

Applications like metering, factory automation, and appliance can have severe EMI or
noisy environment that can result in data corruption or even system failure. When such
data corruption occurs, program execution can be affected as the program counter might
have been modified. Modification of the program code memory or a read of wrong data
from code memory can result in a totally different and unintended instruction getting
executed. Thus, program flow or the program code itself gets modified, i.e. code
runaway, and the system can enter an unknown state where its behavior is unpredictable.

Once the program flow takes an unexpected branch, the system can start behaving
unpredictably, which is unacceptable for a safety critical system. Thus a lot of standards
now require system operation to be immune to EMI so as to have reliable system
operation. Watchdog needs to monitor the system so as to detect such system failures and
take action to bring the system into a safe/known state.

There have been some unique features added to the WDOG timer.

8.3.1 32-bit programmable timeout Period

For system flexibility it is important to have programmable timeout period. To generate
timeout values ranging from 1ms to 1 second, the length of the watchdog timer has to be
chosen carefully. The frequency of the clock source for the watchdog could vary widely
from a few KHz (say an on-chip RTC oscillator) to hundreds of MHz (system clock) that
may affect the width of counter. The following figure shows timeout values possible with
8, 16, 24 and 32 bit timers, for different, practical clock frequencies.
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Figure 8-1. Possible Timeouts(Log scale)

The vertical green band marks out a range of timeouts which cover the Ims to 1 second
range. As can be observed, a 32 bit counter is required to cover all clock frequencies and
the expected range of watchdog timeouts.

8.3.2 Independent Clock Source
The Watchdog module clock can be sourced from either 1Khz LPO clock or bus clock.

8.3.3 Write Protection

Watchdogs generally have several control and configuration register bits, which are used
to influence its operation, for example a bit to disable or enable the watchdog. Since these
bits have a direct impact on the watchdog’s operation, it is of prime interest to make sure
they are not modified unintentionally. To achieve this objective a write protection scheme
is implemented.
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One of the better write-protection schemes is to have a password style protection on the
register bits, where the password is a sequence of two particular values. However, this
scheme allows any amount of time to elapse in between the write of the two values,
which means that the chances of runaway code managing to accidentally replicate the
password are high. If the writes of the two values are spaced far apart in the code, it could
happen that after the write of the first value the code runs away in an unintended
direction, causes havoc, and then after enough number of iterations, branches to the
location of the write of the second value.

The WDOG places a restriction on the time gap between the writes of the two values,
thereby reducing chances of runaway code being able to “unlock” the registers for
writing and possibly disabling the watchdog. By placing a limit on the time gap, where
the limit is just equal to the time it takes for the CPU to fetch and execute the write
instruction for the second value, the user is forced to place the write instructions for the
two values one after the other in the code (as assembly instructions). Now if there is a
runaway after the execution of the first write, there is no time left for the code to possibly
return and execute the instruction writing the second value of the sequence. This makes
the refresh sequence more unique because it minimizes the chance of the sequence being
replicated by runaway code.

If the gap between the two words of the password is more than the programmable number
(default 10) of system bus clock cycles, the watchdog infers an exception and resets the
system. In addition, the amount of time for which the registers stay “unlocked” is limited
too and roughly equal to the time it takes for these registers to be configured once, after
which they are “locked” again. This write protection is in effect from right after system
reset, leaving no room for runaway code to “sneak in”” and change the watchdog’s
configuration.

NOTE
To prevent unintended modification of the watchdog’s control
and configuration register bits, the user is allowed to update
them only within a period of N bus clock cycles after

unlocking. This window period is known as the Watchdog
Configuration Time (WCT).

8.3.4 Robust Refresh Mechanism

The WDOG’s refresh scheme is a sequence of two values (0xA602 followed by 0xB480),
but the difference from watchdogs being used on existing SO8/Coldfire parts is that it
places a limit on the time that can elapse between the write of the two values. If the first
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value of the sequence is written and not followed by the second one within a certain
number of system bus clock cycles, the watchdog infers an exception and resets the
system.

8.3.5 Windowed Refresh

The WDOG has an option for a windowed refresh, as opposed to the normal refresh. The
principle behind the windowed refresh is that watchdog can be refreshed only in a
particular window of its timeout period. This window is defined by points in time, in
between the timeout period and at the end of the timeout period. If the refresh takes place
outside the window, this is a sign that the program code execution is taking place faster
than expected and hence points to something abnormal in program code execution. The
following figure illustrates the concept of windowed refreshing.

Refresh in this slot leads Valid Window for
fo Reset Refresh Sequence
ﬂ Tstart_window Tend_win dow
|
Tstart timeout -g
- Tstart _timeo Start of Timeewut fFexiod
Tend | window = LJII:'nd of Window

t window = Start of Window
én(;N '{Im‘;vgut_ End of Timeout Period

Figure 8-2. Windowed Refresh Mode

8.3.6 Fast Response to Code Runaway

As has been emphasized before, it is imperative that the response of the watchdog to a
runaway code be as fast as possible. Code runaway is a state in which the system acts in-
deterministically and so it should be brought out of that state as fast as possible. The
WDOG takes a proactive approach to this problem.

While the method of running a timer in the watchdog and interpreting its timeout as a
sign of system failure (due to runaway code or system clock failure) is time tested; it does
however have one shortcoming. If code runaway happens in the early stages of the
watchdog timer period, it takes a lot of time before safety measures (like resetting the
system) kick in, because the watchdog waits for its timer to timeout. In some
applications, this delay in the watchdog reacting, might be as large as 1 second (the
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watchdog’s timeout period). The WDOG seeks to do this by recognizing the signs of
runaway code early on and resetting the system immediately, without waiting for a
timeout of its internal timer. These signs are:

* Presence of a value, other than the two bonafide values of the refresh sequence or the
register-unlock password, in the watchdog’s refresh or unlock register - The user’s
software code would only contain instruction writing the said sets of two values to
these registers. Thus, the presence of a third value indicates something abnormal
happening in the code, probably due to a runaway.

* Failure to write to configuration registers within a small, fixed amount of time after
unlocking them - Again, this indicates something abnormal as a normal user code
would contain at least one watchdog configuration operation following the
instructions which unlock the registers.

* Failure to write to at least one of the configuration registers within a small, fixed
amount of time after system reset de-assertion - This might seem an overkill but by
forcing the user to do so, it is ensured that the user doesn’t forget to properly
configure the watchdog and get it up and running, as per the system’s needs, as soon
as possible after reset, in the midst all the other boot up tasks that are required by the
system.

When a timeout takes place, the logic generating a reset to the system is run off the fast
system clock (in the range of tens to hundreds of MHz), rather than the watchdog’s
dedicated, slow clock (in the range of a few KHz to a few MHz). If the reset were to be
generated off the slow clock, say 1 kHz (LPO clock), it could take the watchdog almost
Ims to reset the system, after timeout, leaving too much time for run away code to cause
havoc. One risk in generating the reset off the system clock is that in the event this clock
fails, the watchdog timer’s timeout would go unacknowledged and wouldn’t reset the
system. To take care of such a situation, a backup circuit in the WDOG waits for second
consecutive timeout of timer and passes it on as reset to the system, as shown in the
following figure.

KM Family Reference Manual, Rev. 1, 09/2014

Freescale Semiconductor, Inc. 155




g |

wawhdog configuration

Watchdog
Reset

Timeout

System Bus
nterface

Watchdog Control Control signals

Watchdog Timer

|

Independent
Watchdog Clock

System Reset

System Clock

Figure 8-3. Reset Generation Logic

8.4 Watchdog configuration
Table 8-1. Watchdog configuration

Description Value
Default Value for WDOG Timer High 0x004C
Default Value for WDOG Timer Low 0x4B40
Watchdog Configuration Time (in number of bus clocks) 256
Time allowed in between the two writes of the unlock and 20
refresh sequences.

8.5 iRTC Write Protect State Machine

For additional system reliability, the iRTC includes a state machine that protects iRTC
registers and standby RAM from any spurious updates that can happen due to run-away

code.
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After a power on reset, the write-protect mechanism is disabled, allowing the user code to
calibrate the iRTC clock, set the time in the clock registers, and set the date in the
calendar registers. Once calibration and time & date settings are done, the user code
should enable write protection mode. If not, the registers are put into write protect mode
15 seconds after power on. In case the write protect mode is unlocked to update registers,
then the write protect mode is automatically enabled 2 seconds after unlock, if not
already done by CPU.

The protection mechanism works on the values written to write enable bits of the iIRTC
control register. By default unconditional write access is allowed to these bits only.

To enable write protection, write Ob10 to these bits. To disable write protection, write the
sequence 00, 01, 11, 10 to these bits.

Any access made to the register space when write protection is enabled (i.e. registers in
locked mode) will cause the transfer error signal to be asserted.

8.6 iRTC Tamper Detection Mechanism
NOTE

This section will be updated once Tamper related enhancements
on iRTC are completed. This section explains the tamper
detection mechanism, conceptually.

1IRTC supports various tamper detection mechanisms as described below. These tampers
can be classified as internal and external tampers. External tampers are detected outside
the MCU while Internal tampers are detected within the MCU. All tamper events are
recored with the time stamp to indicate the time and date of the tamper event.

8.6.1 Internal Tamper Condition 1: Battery removed when MCU is
powered OFF

The detection of battery removal during system power off is done using a flop that is
asserted on power-on reset. Since there is no difference between a proper shutdown and
this tamper condition, this is considered as a tamper always. It is up to the firmware to
differentiate between the tamper condition and normal power up. One way is to ignore
this tamper interrupt when the SoC or application is in Service mode and simply reset the
tamper interrupt. For other conditions it will be taken as a tamper.
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8.6.2 Internal Tamper Condition 2: Battery removed when MCU is
powered ON

The analog circuitry monitoring the battery voltage indicates when the battery voltage is
removed. This signal is used by the tamper circuit to indicate a tamper provided MCU
power in ON.

8.6.3 External Tamper Condition: Off Chip Tamper Indication

An external off chip tamper switch is also used to monitor tampering external to the SoC.
For example, a signal can be used to indicate that the case housing the SoC/board is
opened or not. Since these events are detected off chip, these tamper inputs are pre-
condition in the SoC logic (i.e. conversion to digital or level shifting, etc) before being
input to RTC.

External tamper switches are prone to noise and can cause false tamper indication if not
filtered. Noise filtering is present in RTC for all external tamper inputs. The duration for
which a tamper signal should be asserted to be indicated as tamper is programmable by
user software in the register space. This duration is programmable from 64 ps to 125 ms
to support a variety of tamper switches. The filtered signals are then used to generate the
tamper status and interrupt signals. The polarity of the tamper inputs can be configured to
be active high or active low.

8.6.4 Tamper Detection Flow

Following steps describe how tamper is logged in the registers and how should software
acknowledge the tamper status indication:
* POR asserts tamper status bit 8 in register space (RTC_TTSR_SCR[11]) and tamper
interrupt status bit (in RTC_ISR) to indicate tamper on power up of device.
» Tamper Interrupt Enable bit is also asserted on POR and an interrupt indication to
CPU.
 When CPU acknowledges the tamper interrupt by writing 1°b1 to the tamper
interrupt status bit (RTC_TTSR_SCR[11]), the tamper status bits are cleared.
* Internal tamper event (detected by SoC logic) are simply stored in their
corresponding status bits and time stamp is captured.
* Any tamper signal asserted externally are filtered in the tamper block.
» Tamper detect signal is asserted when the filter counter matches the programmed
filter duration.
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» Based on the tamper detect signal the appropriate status bit is asserted in the tamper
status register (RTC_TTSR_SCR[15:8]) irrespective the tamper control bit is enabled
or not. Time stamp is also logged for the latest tamper event. The time stamp does
not indicate which tamper occured but the time when the latest tamper event took

place.

» The tamper interrupt status bit is asserted for the tamper status bits that are enabled
by asserting the corresponding tamper control bit in RTC_TTSR_SCR[7:0].

* If interrupt is enabled CPU is interrupted by assertion of the interrupt signal.

e Tamper interrupt status bit (in RTC_ISR) is cleared when all tamper status bits (in

RTC_TTSR_SCR[1

5:8]) are cleared by writing 1 to them.

» Tamper interrupt can be armed or disabled by writing to the interrupt enable register
bit (in RTC_IER[0]) or the individual tamper control bits (RTC_TTSR_SCR[7:0])
through the CPU register programming interface.

8.6.5 Active Tam

per Detection

Active Tamper detection introduces a feedback loop providing more advanced method of
monitoring external tampers and also ensuring extended life of anti-tamper switches.
Normal passive tamper switches tend to get oxidized over a long period of time due to
inactivity. Active tampering solves this problem by incorporating tamper switches which

are normally closed and

open when a tamper happens.

Unlike passive tampers that are input, active tamper mechanism includes pair of one of
more input/output switches. Chip outputs a known sequence (fixed or generated by
Linear Feedback Shift Register) on the output anti-tamper switch while monitoring the
input tamper switches for the same sequence.

On-board Anti

Tamper Switch

10111001011
LFSR > ™~
TAMPER_OQUT
Delay
p TAMPER_IN
. Signal Pre- T
N Compare conditioning «—]
Tamper + On-board Anti
Interrtup Tamper Switch

RTC

Figure 8-4. iRTC Active Tamper Detection
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Chapter 9
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_IO Input / Output Serial wire debug data input/output. The SWD_IO 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

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

This bit is used by the debugger to clear the sticky 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 LPLLSM control bits to indicate that VLPS, LLS, or VLLSx are
the selected power mode the next time the ARM Core enters Deep Sleep.
0 Low Power Stop Mode is not enabled
1 Low Power Stop Mode is enabled
Usage intended for debug operation in which Run to VLPS is attempted.
Per debug definition, the system actually enters the Stop state. A
debugger should interpret deep sleep indication (with SLEEPDEEP and
SLEEPING asserted), in conjuntion with this bit asserted as the debugger-
VLPS status indication.

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.

9 Reserved Always read 0.

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

Bit Name Description

10 VLLSx Modes Exit This bit indicates an exit from VLLSx mode has occurred. The debugger
will lose communication while the system is in VLLSXx (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.

9.5 Micro Trace Buffer (MTB)

The Micro Trace Buffer (MTB) provides a simple execution trace capability for the
Cortex-MO+ 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
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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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Pinouts and Packaging

10.1 Package Types

KM family of devices shall support the following packages options:
* 100-pin LQFP (14 x 14 mm?)
* 64-pin LQFP (10 x 10 mm?)

* 44-pin LGA (5 x 5 mm?)

10.2 Photon Signal Multiplexing and Pin Assignments

cause full chip reset.

NOTE
Pin muxing selection between TAMPERO and WKUP is done
using control bit in RTC registers.

NOTE

All pin muxing configurations reset to default value on any
reset assertion (reset asserts on VLLSx mode exit).

When RESET pin is used as GPIO and pulled low; an internal
reset (e.g. VLLSx mode exit or WDOG reset, etc) will make
this pin function as RESET (default function) and since it is
pulled low, it will appear as if pin reset is asserted and will

NOTE

e For devices other than MKMx4, the SDADP3 and
SDADM3 functions on the corresponding pins are disabled.

 All input pins including TAMPER pins must be pulled up

or down to avoid extra power consumption.

100
QFP

64
QFp

4
LGA

DEFAULT

ALTO

ALTY

ALT2

ALT3

ALT4

ALTS

ALT6

ALT7

1

1

Disabled

LCD23

PTAO
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100 | 64 | 44 DEFAULT ALTO ALT1 ALT2 ALT3 ALT4 ALT5 ALTE ALT?
QFP | QFP | LGA
2 2 — | Disabled LCD24 PTA1
3 3 — | Disabled LCD25 PTA2
4 | — | — | Disabled LCD26 PTA3
5 4 1| NMILB LCD27 PTA4 LLWU_P15 NMI_B
6 5 2 | Disabled LCD28 PTA5 CMPOOUT
7 6 3 | Disabled LCD29 PTAG PXBAR_INO LLWU_P14
8 I 4 | Disabled LCD30 PTA7 PXBAR_OUTO
9 — | — | Disabled LCD31 PTB0
0] 8 5 | VoD VDD
i 9 6 | VSS VSS
2| = | = | Disabled LCD32 PTBI
13 ] = | — [ Disabled LCD33 PTB2
4 | = | — [ Disabled LCD34 PTB3
15 | — [ — | Disabled LCD35 PTB4
% | — | — [ Disabled LCD36 PTB5
171 = | = | Disabled LCD37/ PTB6
CMP1PO
18 | 10 | — [ Disabled LCD38 PTB7 AFE_CLK
19 | 11| — [ Disabled LCD39 PTCO SCI3_RTS PXBAR_INt
20 | 12 | — | Disabled LCD40/ PTC SCI3_CTS
CMP1P1
20| 18 | — | Disabled LCD41 PTC2 SCI3_TxD PXBAR_OUT
2 | 14| — | Disabled LCD42/ PTC3 SCI3_RxD LLWU_P13
CMPOP3
23 | — | — | Disabled LCD43 PTC4
24 | 15 7 | VBAT VBAT
25| 16| 8 | XTAL3XK XTAL32K
26 | 17 | 9 |EXTAL3XK EXTAL32K
27 | 18| 10 | VSS VSS
2 | 18 | 10 | TAMPER2 TAMPER2
29 | 18 | 10 | TAMPER! TAMPERT
0| 19 | 11 | WKUP TAMPERO
3| 2 | 12 | VDDA VDDA
R | A | 13 |VSSA VSSA
3 | 2 | 14 | SDADPO SDADPO
3 | 23| 15 | SDADMO SDADMO
3% | 24| 16 | SDADP1 SDADP1
3% | 25 | 17 | SDADM SDADM1
37 | 26 | 18 | VREFH VREFH
3 | 27 | 19 | VREFL VREFL
39| 28 | 20 | SDADPY SDADP2/
CMP1P2 CMP1P2
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100 | 64 | 4 DEFAULT ALTO ALTY ALT2 ALT3 ALT4 ALTS ALT6 ALT7
QFP | QFP | LGA
40 | 29 | 21 | SDADM/ SDADM2/
CMP1P3 CMP1P3
41 0 | 2 | VREF VREF
2 | — | 24 | SDADPY SDADPY
CMP1P4 CMP1P4
8 — | 23 | SDADMY SDADM3/
CMP1P5 CMP1P5
4 | — | — | Disabled ADO PTCS SCI0_RTS LLWU_P12
45 | — | — | Disabled AD1 PTC6 SCl0_CTS Qn
46 | — | — | Disabled AD2 PTC? SCIo_TxD PXBAR_OUT2
47 | — | — | Disabled CMPOPO PTDO SCI0_RxD PXBAR_IN2 LLWU_P11
8 | 3 — | Disabled PTD1 SCI1_TxD SPI0_SS_B PXBAR_OUT3 | QT3
49 | 32 | — | Disabled CMPOP1 PTD2 SCI1_RxD SPI0_SCK PXBAR_IN3 LLWU_P10
5 | 33 | — | Disabled PTD3 SCI1_CTS SPI0_MOSI
5 | 8 | — | Disabled AD3 PTD4 SCH_RTS SPI0_MISO LLWU_P9
5 | — | — | Disabled AD4 PTD5 LPTIM2 QTo SCI3_CTS
5 | = | — | Disabled AD5 PTD6 LPTIM{ CMP1OUT SCI3_RTS LLWU_P8
5 | — | — | Disabled CMPOP4 PTD7 200_SCL PXBAR_IN4 SCI3_RxD LLWU_P7
5 | — | — | Disabled PTEO 2C0_SDA PXBAR_OUT4 | SCI3_TxD CLkouT
5% | 3% | 25 |RESETB PTE1 RESET B
571 — | 2 | EXTAU EXTAL1 PTE2 EWM_IN PXBAR_ING 12C1_SDA
58 | — | 27 | XTALt XTALt PTE3 EWM_OUT AFE_CLK 12C1_SCL
5 | 3% | 28 |VSS VSS
60 | 36 | 29 | SARVSSA SAR_VSSA
61 37 | 30 | SAR.VDDA SAR_VDDA
62 | 3 | 3t | VDD VDD
63 | — | — | Disabled PTE4 LPTIMO SCI2_CTS EWM_IN
64 | — | — | Disabled PTES Qam SCI2_RTS EWM_OUT LLWU_P6
65 | 38 | 3 |SwDlo CMPOP2 PTEG PXBAR_IN5 SCI2_R«D LLWU_P5 12C0_SCL Swp_lo
66 | 39 | 33 | SWDCLK AD6 PTE7 PXBAR_OUT5 | SCI2_TxD 2C0_SDA SWD_CLK
67 | 40 | — | Disabled AD7 PTFO RTCCLKOUT Qn CMPOOUT LLWU_P4
68 | 41 34 | Disabled LCDO/ PTH Qro PXBAR_OUT6
AD8
69 | 42 | 35 | Disabled LCD1/ PTR2 CMP1OUT RTCCLKOUT
AD9
70 | 4 | — | Disabled LCD2 PTR3 SPI1_SS B LPTIM1 SCI0_RxD
n 44 | — | Disabled LCD3 PTF4 SPI1_SCK LPTIMO SCI0_TxD
72 | 45 | — | Disabled LCD4 PTF5 SPI1_MISO 12C1_SCL
73 | 46 | — | Disabled LCD5 PTF6 SPIH_MOSI 12C1_SDA LLWU_P3
74 | 47 | — | Disabled LCD6 PTF? Qr2 CcLkout
75 | 48 | — | Disabled LCD7 PTGO QT LPTIM2
76 | 49 | 36 | Disabled LCDY/ PTG1 LLWU_P2 LPTIMO
AD10
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100 | 64 | 44 DEFAULT ALTO ALTY ALT2 ALTS ALT4 ALTS ALT6 ALT7
QFP | QFP | LGA
77| 50 | 8 | Disabled LCDY/ PTG2 SPI0_SS_B LLWU_P1
AD11
78| 5 | 3 | Disabled LCD10 PTG3 SPI0_SCK 2C0_SCL
79 | 52| 8 | Disabled LCD11 PTG4 SPI0_MOSI [2C0_SDA
80 | 5 | 40 | Disabled LCD12 PTG5 SPI0_MISO LPTIM
81 | 5 | — | Disabled LCD13 PTG6 LLWU_PO LPTIM2
8 | = | — | Disabled LCD14 PTG7
8 | — | — | Disabled LCD15 PTHO
8 | — | — | Disabled LCD16 PTHI
8 | — | — | Disabled LCD17 PTH2
86 | — | — | Disabled LCD18 PTH3
87 | — | — | Disabled LCD19 PTH4
8 | — | — | Disabled LCD20 PTH5
8 | — | 41 | Disabled PTH6 SCI1_CTS SP1_SS B PXBAR_IN7
9 | — | 42 | Disabled PTH? SCH_RTS SP_SCK PXBAR_OUT?
91 | 55 | 43 | Disabled CMPOP5 PTIO SCH_RxD PXBAR_INS SPI_MISO SPI1_MOS!
9% | 5 | 44 | Disabled PTIH SCH_TD PXBAR_OUT8 | SPI1_MOSI SPI1_MISO
93 | 5 | = | Disabled LCD21 PTI2
94 | 5 | — | Disabled LCD22 PTI3
9% | 59 | — |VSS VSS
9% | 60 | — [VL3 VLL3
97 | 61 | — | VLR VL2
8 | 62 | — [V VLLY
9 | 63 | — | VCAP2 VCAP2
100 | 64 | — | VCAP1 VCAP1

10.3 KM Family Pinouts

10.3.1 100-pin LQFP
Figure below shows the KM 100 LQFP pinouts.
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MISO
MOSI/CMPOP5

MOSI/SPI1

MISO/SPI1

RTS/SPI1_SCK/PXBAR_OUT7

TxD/PXBAR_OUT8/SPI1
RxD/PXBAR_IN8/SPI1
CTS/SPI1_SS_B/PXBAR_IN7
0_MOSI/1I2C0_SDA/LCD11
SCK/12C0_SCL/LCD10
SS_B/LLWU_P1/LCD9/AD11
|_P2/LPTIMO/LCD8/AD10

100 [ ] voap
99 | | vcarz

pTAoLCD23[ |

pTAtLCD24 [ |2

pTA21LCD25 [ |3

PTA3ILCD26 [_|4
NMI_B/PTA4/LLWU_P151.cD27 |5
PTAS/CMPOOUT/LCD28 [}

)

~

PTA6/PXBAR_INO/LLWU_P14/LCD29 E
PTA7/PXBAR_OUTOILCD30 [_|
pTBO/LCD31 [

vop [ 10

vss[ | n

prB1LCD32 [ 12

®

©

pTB2/LCD33 [_| 13
pTBaLCD34 [ |14
pTB4/LCD35 [_| 15
pTBS/LCD36 [_| 16
PTBE/LCD37/CMP1PO ||

i~

PTB7/AFE_CLK/LCD38 [_| 18
PTCO0/SCI3_RTS/PXBAR_IN1/LCD39 E 19
PTC1/SCI3_CTS/ILCD40/CMP1P1 [_| 20
PTC2/SCI3_TxD/PXBAR_OUTH/LCD41 [_| 21
PTCH/SCI3_RYDILLWU_P13/LCD42/CMPOP3 [_| 22
PTC4/LCD43 [_| 28

vBaT [ 24

xTAL3k []2s

80 || PTGS/SPIO_MISO/LPTIM1/LCD12

81 |_| PTGELLWU_POLPTIM2/LCD13
79 || PTGassPI

76 || PTGILLWU

77| ] preasspio

o2 || PTG7/LCD14
78 || PTGaISPIO

88 |_| PTHs/LCD20
o7 |_| PTHarCD19
86 || PTHILCD18
85 |_| PTH21LCD17
8 |_| PTHILCD16
83 |_| PTHOLCD15

o8 | | vt

o7 ] vz

96| | vus

o5 || vss

94 || PTiaicD22
93 | | PTizcD21
o2 || prisci

o1 || prioiscit

90 || pTHZISCIT
8o || PTHe/SCIT

PTGO/QT1/LPTIM2/LCD7
PTF7/QT2/CLKOUT/LCD6
PTF6/SPI1_MOSI/I2C1_SDA/LLWU_P3/LCD5
PTF5/SPI1_MISO/I2C1_SCL/LCD4
PTF4/SPI1_SCK/LPTIM0/SCIO_TxD/LCD3
PTF3/SPI1_SS_B/LPTIM1/SCI0O_RxD/LCD2
69 PTF2/CMP10UT/RTCCLKOUT/LCD1/AD9
68 PTF1/QT0/PXBAR_OUT6/LCDO/AD8
67 PTFO/RTCCLKOUT/QT2/CMPOOUT/LLWU_P4/AD7
66 SWD_CLK/PTE7/PXBAR_OUT5/SCI2_TxD/AD6
65
64 PTES/QT3/SCI2_RTS/EWM_OUT/LLWU_P6
63 PTE4/LPTIMO/SCI2_CTS/EWM_IN
62 VDD
SAR_VDDA
60 SAR_VSSA
59 Vss
58 PTE3/EWM_OUT/AFE_CLK/I2C1_SCL/XTAL1
57 PTE2/EWM_IN/PXBAR_IN6/I2C1_SDA/EXTAL1
RESET_B/PTE1
PTEO0/12C0_SDA/PXBAR_OUT4/SCI3_TxD/CLKOUT
PTD7/12C0_SCL/PXBAR_IN4/SCI3_RxD/LLWU_P7/CMPOP4
PTD6/LPTIM1/CMP10UT/SCI3_RTS/LLWU_P8/AD5
PTD5/LPTIM2/QT0/SCI3_CTS/AD4

PTD4/SCI1_RTS/SPI0_MISO/LLWU_P9/AD3

HiN|NINEE NN

0
@

ExTALa2k [_| 26
VSs I: 27
TAMPER2 [_| 28

voDA [ st
vssa [ =2
spappo [_| 3
spapMo [_| a4
spappt [| a5
spapm1 | 6
VREF [ #1
|: 44

|: 45

|: 46

[

SDADP3/CMP1P4 [_| 42
SDADM3/CMP1PS || 43

VReFH [ a7
VReFL [ | 8

sDADP2/CMP1P2 [ | 30
sDADM2ICMP1PS [_| 40

TampeR1 [ 20

wkuprampeRo [ 30

PTC6/SCIO_CTS/QT1/AD1

PTD3/SCI1_CTS/SPIo_MOsI [ |

PTC5/SCI0_RTS/LLWU_P12/ADO
PTC7/SCI0_TxD/PXBAR_OUT2/AD2

PTD1/SCI1_TxD/SPI0_SS_B/PXBAR_OUT3/QT3 E 48

PTDO/SCIO_RXD/PXBAR_IN2/LLWU_P11/CMPOPO
PTD2/SCH_RxD/SPI0_SCK/PXBAR_IN3/LLWU_P10/CMPOP1 | 49

Figure 10-1. 100-pin LQFP Pinout Diagram

10.3.2 64-pin LQFP
Figure below shows the 64-pin LQFP pinouts.
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PTAO/LCD23 48| | PTGO/QTILLPTIM2LCD?

PTA1/LCD24 2 47 :I PTF7/QT2/CLKOUT/LCD6
PTA2/LCD25 3 46 :I PTF6/SPI1_MOSI/12C1_SDA/LLWU_P3/LCD5
NMI_B/PTA4/LLWU_P15/LCD27 4 45 :I PTF5/SPI1_MISO/12C1_SCL/LCD4
PTA5/CMPOOUT/LCD28 5 44 :I PTF4/SPI1_SCK/LPTIMO0/SCIO_TxD/LCD3
PTA6/PXBAR_INO/LLWU_P14/LCD29 6 43 :I PTF3/SPI1_SS_B/LPTIM1/SCI0O_RxD/LCD2
PTA7/PXBAR_OUTO0/LCD30 7 42 :I PTF2/CMP10UT/RTCCLKOUT/LCD1/AD9
VDD :I PTF1/QT0/PXBAR_OUT6/LCDO/AD8
vss 9 40 :I PTFO/RTCCLKOUT/QT2/CMPOOUT/LLWU_P4/AD7
PTB7/AFE_CLK/LCD38 10 39 :I SWD_CLK/PTE7/PXBAR_OUT5/SCI2_TxD/AD6
PTCO0/SCI3_RTS/PXBAR_IN1/LCD39 " 38 :I SWD_IO/PTE6/PXBAR_IN5/SCI2_RxD/LLWU_P5/12C0_SCL/CMPOP2
PTC1/SCI3_CTS/LCD40/CMP1P1 12 37 :I SAR_VDDA VDD
PTC2/SCI3_TxD/PXBAR_OUT1/LCD41 13 36 :I VSS SAR_VSSA
PTC3/SCI3_RxD/LLWU_P13/LCD42/CMPOP3 14 35 :I RESET_B/PTE1

VBAT 15 34 :I PTD4/SCI1_RTS/SPI0_MISO/LLWU_P9/AD3

OO0

XTAL32K

o
W
@

|| PTD3/sCIH_CTS/SPIo_MOSI

- N o & O © N~ ©o o o - o
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PTD1/SCI1_TxD/SPI0_SS_B/PXBAR_OUT3/QT3

PTD2/SCI1_RxD/SPI0_SCK/PXBAR_IN3/LLWU_P10/CMPOP1

Figure 10-2. 64-pin LQFP Pinout Diagram

10.3.3 44-pin LGA
Figure below shows the 44-pin LGA pinouts.
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PTAS/CMPOOUTLCD28 [ |2 32 |_] SWD_IO/PTE6/PXBAR_INS/SCI2_RxD/LLWU_P5/I2C0_SCL/CMPOP2
PTA6/PXBAR_INO/LLWU_P14/.CD29 [_|3 st |_]voD
PTA7/PXBAR_OUTO/LCD30 [ |4 30 |_] SAR_VDDA
vop [_|s 20 | _] SAR_VSSA
vss [ e 28 [ _]vss
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Figure 10-3. 44-pin LGA Pinout Diagram

NOTE

VSS also connects to flag on 44 LGA.
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Chapter 11
Port Control and Interrupts (PORT)

11.1 Introduction
NOTE

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

11.2 Overview

The Port Control and Interrupt (PORT) module provides support for port control, digital
filtering, and external interrupt functions.

Most functions can be configured independently for each pin in the 32-bit port and affect
the pin regardless of its pin muxing state.

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

11.2.1 Features
The PORT module has the following features:

* Pin interrupt 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 wake-up in low-power modes
* Pin interrupt is functional in all digital pin muxing modes
* Digital input filter

KM Family Reference Manual, Rev. 1, 09/2014
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* Digital input filter for each pin, usable by any digital peripheral muxed onto the
pin

* Individual enable or bypass control field per pin

* Selectable clock source for digital input filter with a five bit resolution on filter
size

* Functional in all digital pin multiplexing modes

 Port control

* Individual pull control fields with pullup, pulldown, and pull-disable enable
support 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, GPIO, 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 wake-up signal if an enabled interrupt is detected.

In Stop mode, the digital input filters are bypassed unless they are configured to run from
the 1-kHz LPO clock source.
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11.2.2.4 Debug mode
In Debug mode, PORT operates normally.

11.3 External signal description

The table found here describes the PORT external signal.
Table 11-1. Signal properties

Name Function 1/0 Reset Pull
PORTXx[31:0] External interrupt 110 0
NOTE

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

11.4 Detailed signal description
The table found here 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 1.

Negated—pin is logic 0.

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.

NOTE
Digital filter capability is only on PORTE. Ignore DFER,
DFCR and DFWR registers on ports A, B, C, D, F, G, H, and L.
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wmemory map and register definition

PORT memory map

Absolute . .
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4004_6000 |Pin Control Register n (PORTA_PCRO) 32 R/W See section | 11.5.1/184
4004_6004 |Pin Control Register n (PORTA_PCR1) 32 R/W See section | 11.5.1/184
4004_6008 |Pin Control Register n (PORTA_PCR2) 32 R/W See section | 11.5.1/184
4004_600C |Pin Control Register n (PORTA_PCR3) 32 R/W See section | 11.5.1/184
4004_6010 |Pin Control Register n (PORTA_PCR4) 32 R/W See section | 11.5.1/184
4004_6014 |Pin Control Register n (PORTA_PCR5) 32 R/W See section | 11.5.1/184
4004_6018 |Pin Control Register n (PORTA_PCR®6) 32 R/W See section | 11.5.1/184
4004_601C |Pin Control Register n (PORTA_PCR?7) 32 R/W See section | 11.5.1/184
w
4004_6080 |Global Pin Control Low Register (PORTA_GPCLR) 32 (always | 0000_0000h | 11.5.2/187
reads 0)
w
4004_6084 |Global Pin Control High Register (PORTA_GPCHR) 32 (always | 0000_0000h | 11.5.3/187
reads 0)
4004_60A0 |Interrupt Status Flag Register (PORTA_ISFR) 32 wic 0000_0000h | 11.5.4/188
4004_60CO0 |Digital Filter Enable Register (PORTA_DFER) 32 R/W | 0000_0000h | 11.5.5/188
4004_60C4 |Digital Filter Clock Register (PORTA_DFCR) 32 R/W | 0000_0000h | 11.5.6/189
4004_60C8 |Digital Filter Width Register (PORTA_DFWR) 32 R/W | 0000_0000h | 11.5.7/190
4004_7000 |Pin Control Register n (PORTB_PCRO) 32 R/W See section | 11.5.1/184
4004_7004 |Pin Control Register n (PORTB_PCR1) 32 R/W See section | 11.5.1/184
4004_7008 |Pin Control Register n (PORTB_PCR2) 32 R/W See section | 11.5.1/184
4004_700C |Pin Control Register n (PORTB_PCR3) 32 R/W See section | 11.5.1/184
4004_7010 |Pin Control Register n (PORTB_PCR4) 32 R/W See section | 11.5.1/184
4004_7014 |Pin Control Register n (PORTB_PCR5) 32 R/W See section | 11.5.1/184
4004_7018 |Pin Control Register n (PORTB_PCR®6) 32 R/W See section | 11.5.1/184
4004_701C |Pin Control Register n (PORTB_PCR?7) 32 R/W See section | 11.5.1/184
w
4004_7080 |Global Pin Control Low Register (PORTB_GPCLR) 32 (always | 0000_0000h | 11.5.2/187
reads 0)
w
4004_7084 |Global Pin Control High Register (PORTB_GPCHR) 32 (always | 0000_0000h | 11.5.3/187
reads 0)
4004_70A0 |Interrupt Status Flag Register (PORTB_ISFR) 32 wic 0000_0000h | 11.5.4/188
4004_70C0 |Digital Filter Enable Register (PORTB_DFER) 32 R/W | 0000_0000h | 11.5.5/188
4004_70C4 |Digital Filter Clock Register (PORTB_DFCR) 32 R/W | 0000_0000h | 11.5.6/189
4004_70C8 |Digital Filter Width Register (PORTB_DFWR) 32 R/W | 0000_0000h | 11.5.7/190
4004_8000 |Pin Control Register n (PORTC_PCRO) 32 R/W See section | 11.5.1/184
4004_8004 |Pin Control Register n (PORTC_PCR1) 32 R/W See section | 11.5.1/184
4004_8008 |Pin Control Register n (PORTC_PCR2) 32 R/W See section | 11.5.1/184
4004_800C |Pin Control Register n (PORTC_PCRS3) 32 R/W See section | 11.5.1/184

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

22151?;? Register name (ivryilgitt';) Access | Reset value S?;t;c;n/
(hex)
4004_8010 |Pin Control Register n (PORTC_PCR4) 32 R/W See section | 11.5.1/184
4004_8014 |Pin Control Register n (PORTC_PCR5) 32 R/W See section | 11.5.1/184
4004_8018 |Pin Control Register n (PORTC_PCR6) 32 R/W See section | 11.5.1/184
4004_801C |Pin Control Register n (PORTC_PCR?7) 32 R/W See section | 11.5.1/184
W
4004_8080 |Global Pin Control Low Register (PORTC_GPCLR) 32 (always | 0000_0000h | 11.5.2/187
reads 0)
W
4004_8084 |Global Pin Control High Register (PORTC_GPCHR) 32 (always | 0000_0000h | 11.5.3/187
reads 0)
4004_80A0 |Interrupt Status Flag Register (PORTC_ISFR) 32 wic 0000_0000h | 11.5.4/188
4004_80C0 |Digital Filter Enable Register (PORTC_DFER) 32 R/W | 0000_0000h | 11.5.5/188
4004_80C4 |Digital Filter Clock Register (PORTC_DFCR) 32 R/W | 0000_0000h | 11.5.6/189
4004_80C8 |Digital Filter Width Register (PORTC_DFWR) 32 R/W | 0000_0000h | 11.5.7/190
4004_9000 |Pin Control Register n (PORTD_PCRO) 32 R/W See section | 11.5.1/184
4004_9004 |Pin Control Register n (PORTD_PCR1) 32 R/W See section | 11.5.1/184
4004_9008 |Pin Control Register n (PORTD_PCR2) 32 R/W See section | 11.5.1/184
4004_900C |Pin Control Register n (PORTD_PCR3) 32 R/W See section | 11.5.1/184
4004_9010 |[Pin Control Register n (PORTD_PCR4) 32 R/W See section | 11.5.1/184
4004_9014 |Pin Control Register n (PORTD_PCRS5) 32 R/W See section | 11.5.1/184
4004_9018 |Pin Control Register n (PORTD_PCR®6) 32 R/W See section | 11.5.1/184
4004_901C |Pin Control Register n (PORTD_PCR?7) 32 R/W See section | 11.5.1/184
W
4004_9080 |Global Pin Control Low Register (PORTD_GPCLR) 32 (always | 0000_0000h | 11.5.2/187
reads 0)
W
4004_9084 |Global Pin Control High Register (PORTD_GPCHR) 32 (always | 0000_0000h | 11.5.3/187
reads 0)
4004_90A0 |Interrupt Status Flag Register (PORTD_ISFR) 32 wic | 0000_0000h | 11.5.4/188
4004_90C0 |Digital Filter Enable Register (PORTD_DFER) 32 R/W | 0000_0000h | 11.5.5/188
4004_90C4 |Digital Filter Clock Register (PORTD_DFCR) 32 R/W | 0000_0000h | 11.5.6/189
4004_90C8 |Digital Filter Width Register (PORTD_DFWR) 32 R/W | 0000_0000h | 11.5.7/190
4004_A000 |Pin Control Register n (PORTE_PCRO) 32 R/W See section | 11.5.1/184
4004_A004 |Pin Control Register n (PORTE_PCR1) 32 R/W See section | 11.5.1/184
4004_A008 |Pin Control Register n (PORTE_PCR2) 32 R/W See section | 11.5.1/184
4004_A00C |Pin Control Register n (PORTE_PCRS3) 32 R/W See section | 11.5.1/184
4004_A010 |Pin Control Register n (PORTE_PCR4) 32 R/W See section | 11.5.1/184
4004_A014 |Pin Control Register n (PORTE_PCR5) 32 R/W See section | 11.5.1/184
4004_A018 |Pin Control Register n (PORTE_PCR®6) 32 R/W See section | 11.5.1/184
4004_A01C |Pin Control Register n (PORTE_PCR7) 32 R/W See section | 11.5.1/184
Table continues on the next page...
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PORT memory map (continued)

Absolute i i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
w
4004_A080 |Global Pin Control Low Register (PORTE_GPCLR) 32 (always | 0000_0000h | 11.5.2/187
reads 0)
w
4004_A084 |Global Pin Control High Register (PORTE_GPCHR) 32 (always | 0000_0000h | 11.5.3/187
reads 0)
4004_AOAO |Interrupt Status Flag Register (PORTE_ISFR) 32 wic 0000_0000h | 11.5.4/188
4004_A0CO |Digital Filter Enable Register (PORTE_DFER) 32 R/W | 0000_0000h | 11.5.5/188
4004_A0C4 |Digital Filter Clock Register (PORTE_DFCR) 32 R/W | 0000_0000h | 11.5.6/189
4004_A0C8 |Digital Filter Width Register (PORTE_DFWR) 32 R/W | 0000_0000h | 11.5.7/190
4004_B000 |Pin Control Register n (PORTF_PCRO) 32 R/W See section | 11.5.1/184
4004_B004 |Pin Control Register n (PORTF_PCR1) 32 R/W See section | 11.5.1/184
4004_B008 |Pin Control Register n (PORTF_PCR2) 32 R/W See section | 11.5.1/184
4004_B00C |Pin Control Register n (PORTF_PCR3) 32 R/W See section | 11.5.1/184
4004_B010 |Pin Control Register n (PORTF_PCR4) 32 R/W See section | 11.5.1/184
4004_B014 |Pin Control Register n (PORTF_PCR5) 32 R/W See section | 11.5.1/184
4004_B018 |Pin Control Register n (PORTF_PCR®6) 32 R/W See section | 11.5.1/184
4004_B01C |Pin Control Register n (PORTF_PCR?7) 32 R/W See section | 11.5.1/184
w
4004_B080 |Global Pin Control Low Register (PORTF_GPCLR) 32 (always | 0000_0000h | 11.5.2/187
reads 0)
w
4004_B084 |Global Pin Control High Register (PORTF_GPCHR) 32 (always | 0000_0000h | 11.5.3/187
reads 0)
4004_BOAO |Interrupt Status Flag Register (PORTF_ISFR) 32 wic 0000_0000h | 11.5.4/188
4004_BO0CO |Digital Filter Enable Register (PORTF_DFER) 32 R/W | 0000_0000h | 11.5.5/188
4004_B0C4 |Digital Filter Clock Register (PORTF_DFCR) 32 R/W | 0000_0000h | 11.5.6/189
4004_B0C8 |Digital Filter Width Register (PORTF_DFWR) 32 R/W | 0000_0000h | 11.5.7/190
4004_CO000 |Pin Control Register n (PORTG_PCRO) 32 R/W See section | 11.5.1/184
4004_CO004 |Pin Control Register n (PORTG_PCR1) 32 R/W See section | 11.5.1/184
4004_C008 |Pin Control Register n (PORTG_PCR2) 32 R/W See section | 11.5.1/184
4004_CO00C |Pin Control Register n (PORTG_PCR3) 32 R/W See section | 11.5.1/184
4004_CO010 |Pin Control Register n (PORTG_PCR4) 32 R/W See section | 11.5.1/184
4004_C014 |Pin Control Register n (PORTG_PCRD5) 32 R/W See section | 11.5.1/184
4004_C018 |Pin Control Register n (PORTG_PCR®6) 32 R/W See section | 11.5.1/184
4004_C01C |Pin Control Register n (PORTG_PCR?7) 32 R/W See section | 11.5.1/184
w
4004_C080 |Global Pin Control Low Register (PORTG_GPCLR) 32 (always | 0000_0000h | 11.5.2/187
reads 0)

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

Absolute i i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
W
4004_C084 |Global Pin Control High Register (PORTG_GPCHR) 32 (always | 0000_0000h | 11.5.3/187
reads 0)
4004_COAO |Interrupt Status Flag Register (PORTG_ISFR) 32 wic 0000_0000h | 11.5.4/188
4004_CO0CO |Digital Filter Enable Register (PORTG_DFER) 32 R/W | 0000_0000h | 11.5.5/188
4004_CO0C4 |Digital Filter Clock Register (PORTG_DFCR) 32 R/W | 0000_0000h | 11.5.6/189
4004_CO0C8 |Digital Filter Width Register (PORTG_DFWR) 32 R/W | 0000_0000h | 11.5.7/190
4004_D000 |Pin Control Register n (PORTH_PCRO) 32 R/W See section | 11.5.1/184
4004_D004 |Pin Control Register n (PORTH_PCR1) 32 R/W See section | 11.5.1/184
4004_D008 |Pin Control Register n (PORTH_PCR2) 32 R/W See section | 11.5.1/184
4004_D00C |Pin Control Register n (PORTH_PCRS3) 32 R/W See section | 11.5.1/184
4004_D010 |Pin Control Register n (PORTH_PCR4) 32 R/W See section | 11.5.1/184
4004_D014 |Pin Control Register n (PORTH_PCRY5) 32 R/W See section | 11.5.1/184
4004_D018 |Pin Control Register n (PORTH_PCRS6) 32 R/W See section | 11.5.1/184
4004_D01C |Pin Control Register n (PORTH_PCR?7) 32 R/W See section | 11.5.1/184
w
4004_D080 |Global Pin Control Low Register (PORTH_GPCLR) 32 (always | 0000_0000h | 11.5.2/187
reads 0)
w
4004_D084 |Global Pin Control High Register (PORTH_GPCHR) 32 (always | 0000_0000h | 11.5.3/187
reads 0)
4004_DOAO |Interrupt Status Flag Register (PORTH_ISFR) 32 wic 0000_0000h | 11.5.4/188
4004_DOCO |Digital Filter Enable Register (PORTH_DFER) 32 R/W | 0000_0000h | 11.5.5/188
4004_DO0C4 |Digital Filter Clock Register (PORTH_DFCR) 32 R/W | 0000_0000h | 11.5.6/189
4004_DO0C8 |Digital Filter Width Register (PORTH_DFWR) 32 R/W | 0000_0000h | 11.5.7/190
4004_EO000 |Pin Control Register n (PORTI_PCRO0) 32 R/W See section | 11.5.1/184
4004_EO004 |Pin Control Register n (PORTI_PCR1) 32 R/W See section | 11.5.1/184
4004_EO008 |Pin Control Register n (PORTI_PCR2) 32 R/W See section | 11.5.1/184
4004_EOO0C |Pin Control Register n (PORTI_PCRS3) 32 R/W See section | 11.5.1/184
4004_EO010 |Pin Control Register n (PORTI_PCR4) 32 R/W See section | 11.5.1/184
4004_EO014 |Pin Control Register n (PORTI_PCRS5) 32 R/W See section | 11.5.1/184
4004_EO018 |Pin Control Register n (PORTI_PCR6) 32 R/W See section | 11.5.1/184
4004_EO1C |Pin Control Register n (PORTI_PCR?7) 32 R/W See section | 11.5.1/184
W
4004_E080 |Global Pin Control Low Register (PORTI_GPCLR) 32 (always | 0000_0000h | 11.5.2/187
reads 0)
W
4004_E084 |Global Pin Control High Register (PORTI_GPCHR) 32 (always | 0000_0000h | 11.5.3/187
reads 0)
4004_EOAO |Interrupt Status Flag Register (PORTI_ISFR) 32 wic 0000_0000h | 11.5.4/188
4004_EOCO |Digital Filter Enable Register (PORTI_DFER) 32 R/W | 0000_0000h | 11.5.5/188
Table continues on the next page...
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PORT memory map (continued)

Absolute ; i
address Register name W 'd.t h Access | Reset value Section/
(in bits) page
(hex)
4004_EO0C4 |Digital Filter Clock Register (PORTI_DFCR) 32 R/W | 0000_0000h | 11.5.6/189
4004_EOC8 |Digital Filter Width Register (PORTI_DFWR) 32 R/W 0000_0000h | 11.5.7/190

11.5.1 Pin Control Register n (PORTx_PCRn)

NOTE

See the Signal Multiplexing and Pin Assignment 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 unbonded pins not
available in your package will default to DISABLE state for
lowest power consumption.

Address: Base address + Oh offset + (4d x i), where i=0d to 7d

Bt 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
IRQC
0 0 0 0
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0
LK MUX PE PS
w
Reset 0 0 0 0 0 * * * * *
* Notes:

* MUX field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.
* SRE field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.
* PE field: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.
* PSfield: Varies by port. See Signal Multiplexing and Signal Descriptions chapter for reset values per port.
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PORTx_PCRn field descriptions

Field

Description

31-25
Reserved

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

24
ISF

Interrupt Status Flag

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.

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 1 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.

23-20
Reserved

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

19-16
IRQC

Interrupt Configuration

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 Flag is disabled.

0001 Flag and DMA request on rising edge.
0010 Flag and DMA request on falling edge.
0011 Flag and DMA request on either edge.
0100 Reserved.

0101 Reserved.

0110 Reserved.

0111 Reserved.

1000 Flag and Interrupt when logic 0.

1001 Flag and Interrupt on rising-edge.
1010 Flag and Interrupt on falling-edge.
1011 Flag and Interrupt on either edge.
1100 Flag and Interrupt when logic 1.

1101 Reserved.

1110 Reserved.

1111 Reserved.

15
LK

Lock Register

0 Pin Control Register fields [15:0] are not locked.
1 Pin Control Register fields [15:0] are locked and cannot be updated until the next system reset.

14-11
Reserved

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

10-8
MUX

Pin Mux Control

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:

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

Field Description
000 Pin disabled (analog).
001 Alternative 1 (GPIO).
010 Alternative 2 (chip-specific).
011 Alternative 3 (chip-specific).
100 Alternative 4 (chip-specific).
( )
( )
( )

101  Alternative 5 (chip-specific).
110 Alternative 6 (chip-specific).
111 Alternative 7 (chip-specific).

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 This field is reserved.

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

SRE

This field 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 field 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 PE field is set.
1 Internal pullup resistor is enabled on the corresponding pin, if the corresponding PE field is set.
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11.5.2 Global Pin Control Low Register (PORTx_GPCLR)
Only 32-bit writes are supported to this register.

Address: Base address + 80h 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_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. If a
selected Pin Control Register is locked then the write to that register is ignored.

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
ResetOO00000000000000|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. If a
selected Pin Control Register is locked then the write to that register is ignored.

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.
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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 2o191s171s|1514131211 10 9 8 7 6 5 4 3 2 1 0

R ISF

w wic
ResetOOOO000000000000|0000000000000000

PORTX_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 1 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.

11.5.5 Digital Filter Enable Register (PORTx_DFER)

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

Address: Base address + COh 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
W DFE

ResetOO00000000000000|0000000000000000
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PORTx_DFER field descriptions

Field Description

31-0 Digital Filter Enable

DFE
The digital filter configuration is valid in all digital pin muxing modes. The output of each digital filter is

reset to zero at system reset and whenever the digital filter is disabled. Each bit in the field enables the
digital filter of the same number as the field.

0 Digital filter is disabled on the corresponding pin and output of the digital filter is reset to zero.

1 Digital filter is enabled on the corresponding pin, if the pin is configured as a digital input.

11.5.6 Digital Filter Clock Register (PORTx_DFCR)

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

Address: Base address + C4h offset
Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

PORTXx_DFCR field descriptions

Field Description
311 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
0 Clock Source
Cs

The digital filter configuration is valid in all digital pin muxing modes. Configures the clock source for the
digital input filters. Changing the filter clock source must be done only when all digital filters are disabled.

0 Digital filters are clocked by the bus clock.
1 Digital filters are clocked by the 1-kHz LPO clock.
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11.5.7 Digital Filter Width Register (PORTx_DFWR)

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

Address: Base address + C8h 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

Reset 0 O 0 0O O O OO OOOOTOT OTUOO|OOOOOOOOOOOOOUOOGOUOTGO

PORTx_DFWR 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 Filter Length
FILT

The digital filter configuration is valid in all digital pin muxing modes. Configures the maximum size of the
glitches, in clock cycles, that the digital filter absorbs for the enabled digital filters. Glitches that are longer
than this register setting will pass through the digital filter, and glitches that are equal to or less than this
register setting are filtered. Changing the filter length must be done only after all filters are disabled.

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
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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, output
buffer enable, input buffer enable, and passive filter enable.

A lock field also exists that allows the configuration for each pin to be locked until the
next system reset. When locked, writes to the lower half of that pin control register are
ignored, although a bus error is not generated on an attempted write to a locked register.

The configuration of each Pin Control register is retained when the PORT module is
disabled.

Whenever a pin is configured in any digital pin muxing mode, the input buffer for that
pin is enabled allowing the pin state to be read via the corresponding GPIO Port Data
Input Register (GPIO_PDIR) or allowing a pin interrupt or DMA request to be generated.
If a pin is ever floating when its input buffer is enabled, then this can cause an increase in
power consumption and must be avoided. A pin can be floating due to an input pin that is
not connected or an output pin that has tri-stated (output buffer is disabled).

Enabling the internal pull resistor (or implementing an external pull resistor) will ensure a
pin does not float when its input buffer is enabled; note that the internal pull resistor is
automatically disabled whenever the output buffer is enabled allowing the Pull Enable bit
to remain set. Configuring the Pin Muxing mode to disabled or analog will disable the
pin’s input buffer and results in the lowest power consumption.

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 16 pins, all with the same value. Registers that are
locked cannot be written using the global pin control registers.

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 0.
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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 pin or
at the output of the digital input filter, if the digital input digital filter is enabled. 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
is 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 1 to the ISF flag in
either the PORT_ISFR or PORT_PCRn registers.

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.

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 wake-up
signal to exit the Low-Power mode.

11.6.4 Digital filter

The digital filter capabilities of the PORT module are available in all digital Pin Muxing
modes if the PORT module is enabled.
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The clock used for all digital filters within one port can be configured between the bus
clock or the 1-kHz LPO clock. This selection must be changed only when all digital
filters for that port are disabled. If the digital filters for a port are configured to use the
bus clock, then the digital filters are bypassed for the duration of Stop mode. While the
digital filters are bypassed, the output of each digital filter always equals the input pin,
but the internal state of the digital filters remains static and does not update due to any
change on the input pin.

The filter width in clock size is the same for all enabled digital filters within one port and
must be changed only when all digital filters for that port are disabled.

The output of each digital filter is logic zero after system reset and whenever a digital
filter is disabled. After a digital filter is enabled, the input is synchronized to the filter
clock, either the bus clock or the 1-kHz LPO clock. If the synchronized input and the
output of the digital filter remain different for a number of filter clock cycles equal to the
filter width register configuration, then the output of the digital filter updates to equal the
synchronized filter input.

The minimum latency through a digital filter equals two or three filter clock cycles plus
the filter width configuration register.
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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. The module is divided into two power domains: Low-Power SIM (SIM_LP)
and High-Power SIM (SIM_HP). The SIM_HP registers are invalid during VLLSx
modes and reset on exit from VLLSx modes, POR or LVD. Whereas, SIM_LP registers
retain their content throughout VLLSx modes but reset on POR or LVD events. The
register space belonging to 4003_E000h — 4003_EFFFh is part of SIM_LP and from
4003_F000h — 4003_FFFFh is part of SIM_HP.

12.2 Features
» System clocking configuration
» System clock divider values
* Architectural clock gating control
* LPTimer clock selection
* Flash size configuration
* System RAM power mode controls
 LPTMR external clock and input capture selection
 CLKOUT Selection
 Peripheral XBAR Input Selection for scenarios where multiple peripheral exist to be
used as input sources
» System Device Identification through SDID field
* ADC Compensation values for -40 °C, 25 °C and 85 °C
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12.3 Memory map and register definition

The SIM module contains many fields to select clock source and dividers for various
module clocks.

SIM memory map

22151‘:::: Register name (iv:ilgitt';) Access | Reset value Szzt;:n/
(hex)
4003_EO000 |System Options Register 1 (SIM_SOPT1) 32 R/W See section | 12.3.1/197
4003_EO004 |SOPT1 Configuration Register (SIM_SOPT1_CFQG) 32 R/W 0000_0000h | 12.3.2/198
4003_F004 |System Control Register (SIM_CTRL_REG) 32 R/W | 0000_0000h | 12.3.3/199
4003_F024 |System Device Identification Register (SIM_SDID) 32 R Undefined 12.3.4/200
4003_F034 |System Clock Gating Control Register 4 (SIM_SCGC4) 32 R/W | 7800_8070h | 12.3.5/202
4003_F038 |System Clock Gating Control Register 5 (SIM_SCGC5) 32 R/W | 000B_0000h | 12.3.6/205
4003_F03C |System Clock Gating Control Register 6 (SIM_SCGC6) 32 R/W | C000_0001h | 12.3.7/209
4003_F040 |System Clock Gating Control Register 7 (SIM_SCGC?7) 32 R/W 0000_0003h | 12.3.8/212
4003_F044 |System Clock Divider Register 1 (SIM_CLKDIV1) 32 R/W 0800_0000h | 12.3.9/213
4003_F04C |Flash Configuration Register 1 (SIM_FCFG1) 32 R/W See section | 12.3.10/215
4003_F050 |Flash Configuration Register 2 (SIM_FCFG2) 32 R 1000_0000h | 12.3.11/217
4003_F054 |Unique Identification Register 0 (SIM_UIDO) 32 R Undefined | 12.3.12/217
4003_F058 |Unique Identification Register 1 (SIM_UID1) 32 R Undefined | 12.3.13/218
4003_F05C |Unique Identification Register 2 (SIM_UID2) 32 R Undefined | 12.3.14/218
4003_F060 |Unique Identification Register 3 (SIM_UID3) 32 R Undefined | 12.3.15/219
4003_F06C |Miscellaneous Control Register (SIM_MISC_CTL) 32 R/W | 8000_0000h | 12.3.16/219
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Chapter 12 System Integration Module (SIM)

12.3.1 System Options Register 1 (SIM_SOPT1)

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

Address: 4003_EO00Oh base + Oh offset = 4003_E000h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

OSC32KSEL

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0

R SRAMSIZE 0

Reset  x* xX* x* xX* 0 0 0 0 0 0 0 0 0 0 0 0

* Notes:
¢ x = Undefined at reset.

SIM_SOPT1 field descriptions

Field Description
31-20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19-18 32K oscillator clock select
OSC32KSEL

Selects the 32 kHz clock source for LPTMR , CLKOUT , LCD , EWM, WDOG. This bit is reset only on
POR/LVD.

00 OSC32KCLK
01 ERCLK32K
10 MCGIRCLK

11 LPO
17-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15-12 Returns the size of the system RAM
SRAMSIZE
0101 16kB System RAM
11-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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12.3.2 SOPT1 Configuration Register (SIM_SOPT1_CFG)
The SOPTI1CFG register is reset on system reset not VLLS.

Address: 4003_EO00h base + 4h offset = 4003_E004h

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

o
o
o
o
o
o
o

Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
8
R 0 = | @ | 0 |C i m i
L =) = (%)) (%) @)
el ) o e c o
= s = = = =
W I g 3 3 3
o o s 4 4 4
O
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SIM_SOPT1_CFG field descriptions

Field Description
31-10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 RAM Bitline Precharge Enable
RAMBPEN

Enable System SRAM bitline precharge during VLPR and VLPW modes.

0 Bitline precharge of system SRAM disabled during VLPR and VLPW modes.
1 Bitline precharge of system SRAM enabled during VLPR and VLPW modes.

8 Disable source bias of System SRAM arrays during VLPR and VLPW modes.
RAMSBDIS

0 Source bias of System SRAM enabled during VLPR and VLPW modes.
1 Source bias of System SRAM disabled during VLPR and VLPW modes.

7 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
6 Comparator output selection for LPTMR channel0
CMPOLPTMROSEL

This field is used to select CMP outputs as the source for LP timer channelO.

0 CMP[1] output selected as LPTMR input[0]
1 CMP[0] output selected as LPTMR input[0]

5-4 LP timer Channel3 Select
LPTMR3SEL

This field is used to select source for LP timer channel3.

Table continues on the next page...
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SIM_SOPT1_CFG field descriptions (continued)

Field Description
00 PadPTD5
01 Pad PTGO
10 Pad PTG6
11  Reserved

3-2 LP timer Channel2 Select
LPTMR2SEL

This field is used to select source for LP timer channel2.

00 PadPTD6
01 PadPTF3
10 Pad PTG5
11 Reserved

1-0 LP timer Channel1 Select
LPTMR1SEL

This field is used to select source for LP timer channell.

00 PadPTE4
01 PadPTF4
10 Pad PTG1
11 Reserved

12.3.3 System Control Register (SIM_CTRL_REG)

NOTE
Writes to this register can only be performed in Supervisor
mode
Address: 4003_E000h base + 1004h offset = 4003_F004h
Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R 0

Reset 0 0 o0 O0 O O O O] 0O O O 0 o0 0 0 0
Bit 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
Z
R 0 N T
SAR_TRG_ | 2 -1 3
il B o =
CLKOUTSEL CLK SEL vee| 2
8 | EN | 2
|_
o
Rest 0 0 o0 O0 O O O O] o0 O O 0 o0 0 0 0
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SIM_CTRL_REG field descriptions

Field Description
31-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7-5 Clock out Select
CLKOUTSEL

This field can be used to select one of the following clocks for CLKOUT pin.

000 Disabled

001 Gated Core Clk

010 Bus/Flash Clk

011 LPO clock from PMC

100 IRC clock from MCG

101  Muxed 32Khz source (please refer SOPT1[19:18] for possible options)
110 MHz Oscillator external reference clock

111 PLL clock output from MCG

4-3 SAR ADC Trigger Clk Select
SAR_TRG_CLK_
SEL Selects the clock used to generate the ADC triggers.

00 Bus Clock (During Low Power Modes such as stop, the Bus clock is not available for conversion and
should not be selected in case a conversion needs to be performed while in stop)

01 ADC asynchronous Clock
10 ERCLK32K

11 OSCCLK
2 PTC2 HighDrive Enable
PTC2_HD_EN
Enables the High Drive on pad PTC[2] when set
1 PLL VLP Enable
PLL_VLP_EN
When set, this bit enables the PLL in VLP modes.
0 NMI Disable
NMIDIS

This field is used as an alternate to FTFL_FOPT[2] to disable the NMI temporarily. It is also advised to
program this bit while changing the state of the NMI pin from NMI to GPIO functionality.

0 NMI enabled
1 NMI disabled

12.3.4 System Device Identification Register (SIM_SDID)

Address: 4003_EO00h base + 1024h offset = 4003_F024h

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 FAMID SUBFAMID | SERIESID ATTR SRAMSIZE REVID DIEID PINID

Reset x* x* Xx* Xx* x* Xx* 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:
¢ x = Undefined at reset.
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SIM_SDID field descriptions

Field Description
31-28 Metering family ID
FAMID
Indicates Presence of LCD module
0001 Device derivatives without LCD
0011 Device derivatives with LCD
27-24 Sub-Family ID
SUBFAMID
Specifies the number of AFE channels supported
0010 Device derivatives with 2 AFE enabled (AFE Channels 0 and 2 are enabled)
0011 Device derivatives with 3 AFE enabled (AFE Channels 0, 1, and 2 are enabled)
0100 Device derivatives with 4 AFE enabled
23-20 Series ID
SERIESID
Metering Series
0011  Metering Series
19-16 Attribute ID
ATTR
Specifies type of Core on the device
0000 MO+ core
15-12 SRAM Size
SRAMSIZE
Indicates the size of SRAM present on the device
0101 16kB SRAM
11-8 Revision ID
REVID
Marks the changes with every Mask Set
0010 Third Cut
7-4 Die ID
DIEID
Marks the change in Base Layer
0000 First cut
3-0 Pincount identification
PINID

Specifies the pincount of the device.

0000-0010 Reserved

0011 44-pin
0100 Reserved
0101 64-pin
0110 Reserved
0111 Reserved
1000 100-pin
1001 Reserved
1010 Reserved
1011 Reserved

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

Field

Description
1100 Reserved
1101 Reserved
1110 Reserved
1111 Reserved

12.3.5 System Clock Gating Control Register 4 (SIM_SCGC4)

NOTE

Writes to this register can only be performed in Supervisor
mode

Address: 4003_EO00h base + 1034h offset = 4003_F034h

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16
R| O 1 0 0 0
a | &
SPI1 | SPIO = =
o (@]
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 © o - o 0 0 0 0
VREF g:( 5(: g:( 5(: I2C1 | 12C0 | OSC MCG EWM
w ) ) ) o)
Reset 1 0 0 0 0 0 0 0 0 1 1 1 0 0 0 0
SIM_SCGCA4 field descriptions
Field Description
31 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
30-27 This field is reserved.
Reserved This read-only field is reserved and always has the value 1.
26-23 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
22 SPI1 Clock Gate Control
SPI1
This bit controls the clock gate to the SPI1 module.
0 Clock disabled
1 Clock enabled

Table continues on the next page...
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SIM_SCGC4 field descriptions (continued)

Field Description
21 SPI0 Clock Gate Control
SPIO
This bit controls the clock gate to the SPI0 module.
0 Clock disabled
1 Clock enabled
20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19 High Speed Comparator1 Clock Gate Control.
CMP1
This bit controls the clock gate to the CMP1 module.
0 Clock disabled
1 Clock enabled
18 High Speed Comparator0 Clock Gate Control.
CMPO
This bit controls the clock gate to the CMPO module.
0 Clock disabled
1 Clock enabled
17-16 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
15 VREF Clock Gate Control
VREF
This bit controls the clock gate to the VREF module.
0 Clock disabled
1 Clock enabled
14 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
13 UARTS3 Clock Gate Control
UART3
This bit controls the clock gate to the UART3 module.
0 Clock disabled
1 Clock enabled
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.

Table continues on the next page...
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SIM_SCGC4 field descriptions (continued)

Field Description
0 Clock disabled
1 Clock enabled
9 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
8 I12C1 Clock Gate Control
12C1
This bit controls the clock gate to the 2C1 module.
0 Clock disabled
1 Clock enabled
7 I12C0 Clock Gate Control
12C0
This bit controls the clock gate to the 12C0 module.
0 Clock disabled
1 Clock enabled
6 Oscillator (Mhz) Clock Gate Control
0SC
This bit controls the clock gate to the Oscillator(Mhz).
0 Clock disabled
1 Clock enabled
5 Reserved for Future Expansion.
Reserved
This field is reserved.
This read-only field is reserved and always has the value 0.
4 MCG clock gate control.
MCG
This bit controls the clock gate to the MCG Module.
0 Clock disabled
1 Clock enabled
3-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 External Watchdog Monitor Clock gate control
EWM
This bit controls the clock gate to the EWM module.
0 Clock disabled
1 Clock enabled
0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
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12.3.6 System Clock Gating Control Register 5 (SIM_SCGC5)

NOTE
Writes to this register can only be performed in Supervisor
mode

Address: 4003_EO0O00h base + 1038h offset = 4003_F038h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
w
R 0 0 0 0 =
™ o - o O] 5]
T 1% |¢E XBAR & W | IRTC
E | F E | F = (
w =
o
Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Rl O T O] TR L o O m <
=
T ||k |& | & |k |E|&|¢&
|lo |o |9 |o | o | o | o |oO
W a a a a a a a a
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SIM_SCGCS field descriptions
Field Description
31-27 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
26 Quadtimer3 Clock Gate Control
TMR3

This bit controls the clock gate to the QTMR3

0 Clock disabled
1 Clock enabled

25 Quadtimer2 Clock Gate Control
TMR2

This bit controls the clock gate to the QTMR2

0 Clock disabled
1 Clock enabled

24 Quadtimer1 Clock Gate Control
TMR1

This bit controls the clock gate to the QTMR1

0 Clock disabled
1 Clock enabled

Table continues on the next page...
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SIM_SCGCS5 field descriptions (continued)

Field Description

23 Quadtimer0 Clock Gate Control
TMRO

This bit controls the clock gate to the QTMRO

0 Clock disabled
1 Clock enabled

22 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
21 Peripheral Crossbar Clock Gate Control
XBAR

This bit controls the clock gate to the XBAR Module.

0 Clock disabled
1 Clock enabled

20 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
19 Watchdog Clock Gate Control
WDOG

This bit controls the clock gate to the WatchDog Module.

0 Clock disabled
1 Clock enabled

18 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
17 IRTC_REG_FILE Clock Gate Control
IRTCREGFILE

This bit controls the clock gate to the IRTC_REG_FILE .

0 Clock disabled
1 Clock enabled

16 IRTC Clock Gate Control
IRTC

This bit controls the clock gate to the IRTC Module.

0 Clock disabled
1 Clock enabled

15 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
14 PCTLI Clock Gate Control
PORTI

This bit controls the clock gate to the PCTLI Module.

0 Clock disabled
1 Clock enabled

13 PCTLH Clock Gate Control
PORTH

This bit controls the clock gate to the PCTLH Module.

0 Clock disabled
1 Clock enabled

Table continues on the next page...
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SIM_SCGCS5 field descriptions (continued)

Field Description

12 PCTLG Clock Gate Control
PORTG

This bit controls the clock gate to the PCTLG Module.

0 Clock disabled
1 Clock enabled

11 PCTLF Clock Gate Control
PORTF
This bit controls the clock gate to the PCTLF Module.

0 Clock disabled
1 Clock enabled

10 PCTLE Clock Gate Control
PORTE
This bit controls the clock gate to the PCTLE Module.

0 Clock disabled
1 Clock enabled

9 PCTLD Clock Gate Control
PORTD

This bit controls the clock gate to the PCTLD Module.

0 Clock disabled
1 Clock enabled

8 PCTLC Clock Gate Control
PORTC

This bit controls the clock gate to the PCTLC Module.

0 Clock disabled
1 Clock enabled

7 PCTLB Clock Gate Control
PORTB

This bit controls the clock gate to the PCTLB Module.

0 Clock disabled
1 Clock enabled

6 PCTLA Clock Gate Control
PORTA

This bit controls the clock gate to the PCTLA 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 0.
3 Segmented LCD Clock Gate Control
SLCD

This bit controls the clock gate to the SGLCD Module.

0 Clock disabled
1 Clock enabled

Table continues on the next page...
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SIM_SCGCS5 field descriptions (continued)

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

KM Family Reference Manual, Rev. 1, 09/2014

208 Freescale Semiconductor, Inc.




Chapter 12 System Integration Module (SIM)

12.3.7 System Clock Gating Control Register 6 (SIM_SCGCS6)

NOTE
Writes to this register can only be performed in Supervisor
mode

Address: 4003_EO000h base + 103Ch offset = 4003_FO03Ch

Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

SIM_HP
o
o

CRC Reserved AFE

SIM_LP
LPTMR

Reset 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

KM Family Reference Manual, Rev. 1, 09/2014

Freescale Semiconductor, Inc. 209




PR 4

wmemory map and register definition

Bit 15 13 12 11 10 9 8 | 7 6 4 3 2 1 0
R 0 0 0
[s2] QV) > o
X x x x
< ) > ) o)
PIT1 | PITO ADC <25 = = = = |FTFA
T < << < <<
= = = =
=) a o a
W
Reset 0 0 0 0 0 0 0 0 0 1
SIM_SCGCE6 field descriptions
Field Description
31 SIM_HP Clock Gate Control
SIM_HP
This bit controls the clock gate to the SIM High Power Logic.
1 Clock is always enabled to SIM
30 SIM_LP Clock Gate Control
SIM_LP
This bit controls the clock gate to the SIM Low Power logic.
1 Clock is enabled
0 Clock is disabled
29 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
28 LPTMR Clock Gate Control
LPTMR
This bit controls the clock gate to the LPTMR Module.
0 Clock disabled
1 Clock enabled
27-21 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
20 Programmable CRC Clock Gate Control
CRC
This bit controls the clock gate to the PCRC Module.
0 Clock disabled
1 Clock enabled
19-17 Reserved for future expansion
Reserved

Table continues on the next page...
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SIM_SCGCE6 field descriptions (continued)

Field Description
This field is reserved.
16 AFE Clock Gate Control
AFE
This bit controls the clock to all four AFE channels.
0 Clock disabled
1 Clock enabled
15 Reserved.
Reserved
This field is reserved.
This field is reserved and should always be written a value 0. This is reserved for future expansion and
writing a 1 will cause unexpected behavior.
14 PIT1 Clock Gate Control
PIT1
This bit controls the clock gate to the PIT1 Module.
0 Clock disabled
1 Clock enabled
13 PITO Clock Gate Control
PITO
This bit controls the clock gate to the PITO Module.
0 Clock disabled
1 Clock enabled
12 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
11 SAR ADC Clock Gate Control
ADC
This bit controls the clock gate to the SAR ADC Module.
0 Clock disabled
1 Clock enabled
10 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
9 RNGA Clock Gate Control
RNGA
This bit controls the clock gate to the RNGA Module.
0 Clock disabled
1 Clock enabled
8-5 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
4 DMA MUX3 Clock Gate Control
DMAMUX3
This bit controls the clock gate to the DMA MUX3 Module.
0 Clock disabled
1 Clock enabled
3 DMA MUX2 Clock Gate Control
DMAMUX2

This bit controls the clock gate to the DMA MUX2 Module.

Table continues on the next page...
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SIM_SCGCE6 field descriptions (continued)

Field Description

0 Clock disabled
1 Clock enabled

2 DMA MUX1 Clock Gate Control
DMAMUX1

This bit controls the clock gate to the DMA MUX1 Module.

0 Clock disabled
1 Clock enabled

1 DMA MUXO0 Clock Gate Control
DMAMUXO0

This bit controls the clock gate to the DMA MUXO0 Module.

0 Clock disabled
1 Clock enabled

0 FTFA Clock Gate Control
FTFA

This bit controls the clock gate to the FTFA Module.

0 Clock disabled
1 Clock enabled

12.3.8 System Clock Gating Control Register 7 (SIM_SCGC7)

NOTE
Writes to this register can only be performed in Supervisor
mode
Address: 4003_E000h base + 1040h offset = 4003_F040h
Bit 31 30 29 28 27 26 25 24 | 23 22 21 20 19 18 17 16

SIM_SCGC7 field descriptions

Field Description
312 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_SCGCY7 field descriptions (continued)

Field Description
1 DMA Clock Gate control.
DMA
This bit controls the clock gate to the DMA module.
0 Clock disabled
1 Clock enabled
0 MPU Clock Gate control.
MPU

This bit controls the clock gate to the MPU module.

0 Clock disabled
1 Clock enabled

12.3.9 System Clock Divider Register 1 (SIM_CLKDIV1)

NOTE
Writes to this register can only be performed in Supervisor
mode

Address: 4003_EO00h base + 1044h offset = 4003_F044h

Bt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
w
R o) 0
>
SYSDIV x
w ?
>
%)
Reset 0 0 0 0 1
Bt 15 14 13 12 11 10 9 8 | 7 6 5 4 3 2 1 0
R 0

SIM_CLKDIV1 field descriptions

Field

Description

31-28
SYSDIV

System Clock divider
This field can be used to program Core/Platform divider.

0000 Divide by 1
0001 Divide by 2

Table continues on the next page...
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SIM_CLKDIV1 field descriptions (continued)

Field Description
0010 Divide by 3
0011 Divide by 4 and so on..... If FOPT[0] is 0, the divider is set to div-by-8 after system reset is

deasserted (after completion of system initialization sequence)
27 System Clock Mode
SYSCLKMODE

This field is used to select the System clock : Bus clock : Flash clock ratio.
0 1:1:1
1 211

26-0 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
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12.3.10 Flash Configuration Register 1 (SIM_FCFG1)

NOTE
Writes to this register can only be performed in Supervisor
mode

Address: 4003_EO000h base + 104Ch offset = 4003_F04Ch

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 X* x* x* x* 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

FLASHDOZE
FLASHDIS

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

* Notes:
¢ x = Undefined at reset.

SIM_FCFG1 field descriptions

Field Description
31-28 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
27-24 Program flash size
PFSIZE
This field specifies the amount of program flash memory available on the device . Undefined values are
reserved.

Table continues on the next page...

KM Family Reference Manual, Rev. 1, 09/2014

Freescale Semiconductor, Inc. 215




A\ 4
N
wmemory map and register definition

SIM_FCFG1 field descriptions (continued)

Field Description
0000 Reserved

0001 Reserved

0011 Reserved

0100 Reserved

0101 64 KB of program flash memory, 2 KB protection region
0110 Reserved

0111 128 KB of program flash memory, 4 KB protection region
1000 Reserved

1001 Reserved

1111 (Default)

23-2 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
1 Flash Doze
FLASHDOZE

When set, Flash memory is disabled for the duration of Wait mode. An attempt by the DMA or other bus
master to access the Flash when the Flash is disabled will result in a bus error. This bit should be clear
during VLP modes. The Flash will be automatically enabled again at the end of Wait mode so interrupt
vectors do not need to be relocated out of Flash memory. The wakeup time from Wait mode is extended
when this bit is set.

0 Flash remains enabled during Wait mode
1 Flash is disabled for the duration of Wait mode

0 Flash Disable
FLASHDIS

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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12.3.11 Flash Configuration Register 2 (SIM_FCFG2)

NOTE

Writes to this register can only be performed in Supervisor
mode

Address: 4003_EO000h base + 1050h offset = 4003_F050h

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

R| O MAXADDR 0

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
MAXADDR o ] ] o o
This field concatenated with leading zeros indicates the first invalid address of program flash.
23-0 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.

12.3.12 Unique Identification Register 0 (SIM_UIDO)

Address: 4003_EO00h base + 1054h offset = 4003_F054h

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 uiD

*

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* x* x* x* X

* Notes:
¢ x = Undefined at reset.
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SIM_UIDO field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.

12.3.13 Unique Identification Register 1 (SIM_UID1)

Address: 4003_EO00Oh base + 1058h offset = 4003_F058h

Bit31302928272625242322212019181716|1514131211109876543210

R uiD

Reset x* x* x* Xx* x* x* x* x* x* x* x* x* x* x* x* xX*|[x* x* x* x* x* x* x* x* x* x* x* x* x* x* x* x*
* Notes:
e x=Undefined at reset.
SIM_UID1 field descriptions
Field Description
31-0 Unique Identification

uiD

Unique identification for the device.

12.3.14 Unique Identification Register 2 (SIM_UID2)

Address: 4003_EO000h base + 105Ch offset = 4003_FO05Ch

Bit31302928272625242322212019181716|1514131211109876543210

R uiD

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:
¢ x = Undefined at reset.

SIM_UID2 field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.
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12.3.15 Unique Identification Register 3 (SIM_UID3)

Address: 4003_EO00h base + 1060h offset = 4003_F060h

Bit31302928272625242322212019181716|1514131211109876543210

R uiD

Reset X* Xx* X

* Notes:
¢ x = Undefined at reset.

SIM_UID3 field descriptions

Field Description
31-0 Unique Identification
uiD

Unique identification for the device.

12.3.16 Miscellaneous Control Register (SIM_MISC_CTL)

This register contains various fields to control miscellaneous features such as receive/
transmit select for UART, PIT output selection, EWM input selection, ClkOut selection
etc.

NOTE
Writes to this register can only be performed in Supervisor
mode

Address: 4003_EO000h base + 106Ch offset = 4003_F06Ch

Bt 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
z
d L — — — — — — — —
R| O %) [ d w w w w w T} w T}
& >z o) %) 0 0 0 0 n 0 0 1%}
= = e) g 9] 9] 9] )] 0] 9] 0] 9]
foe] w L = ®) ®) ®) ®) O O O O
Q@ 2 ) o o o a o ) %] ) 1]
i m m O ) Ql - o ¥] Y - o
o L L s 1 o o o o 1 o o
wi 3 @ L o = = = = = = = =
S i = = = = = = = =
>
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Bit 15 14 13 12 11 10 9 8 7 5 4 3 2 1 0
— — 2
o L o«
e gl 2 |gla|alz|E]e o S
= L 5 0 7 n 7)) - @) @ o
o | 2 3 i | o« T | o < g S -
= = e ® N = S o & | AFECLKSEL e} w
a = O = = = = = _| la) L
= o o o 1 = 3] < <
w| 8 T < < < < o ] o
< w < > > > > < L B <
~ X > < <
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SIM_MISC_CTL field descriptions
Field Description
31 VrefBuffer Power Down
VREFBUFPD

Powers down VrefBuffer when set

0 Buffer Enabled
1 Buffer Powered Down

30 VrefBuffer Input Select
VREFBUFINSEL

Selects Between Internal 1.2v reference and external reference for SAR and DAC

0 Internal Reference selected as Buffer Input
1 External Reference selected as Buffer Input

29 VrefBuffer Output Enable
VREFBUFOUTEN

Operates switch in VrefBuffer to enable the internal 1.2v reference to be driven to VREF pad.

0 Buffer does not drive PAD
1 Buffer drives selected voltage (selected by vref_buffer_sel) on pad

28 RTC Clock select
RTCCLKSEL

Selects between 32K IRC and OSC_32K clk for RTC operation

0 RTC OSC_32K clock selected
1 32K IRC Clock selected

27-26 Quadtimer Channel3 Primary Count Source Select
TMR3PCSSEL

This is used to select primary count source (clock) for Quadtimer Channel3. Configure
TMR_3_CTRL_PCS = 1xxxb to route selected primary clock source to the timer Channel3.

00 Bus Clock

01 Peripheral Crossbar Output [9]
10 Peripheral Crossbar Output [10]
11 Disabled

25-24 Quadtimer Channel2 Primary Count Source Select
TMR2PCSSEL

This is used to select primary count source (clock) for Quadtimer Channel2. Configure
TMR_2_CTRL_PCS = 1xxxb to route selected primary clock source to the timer Channel?2.

00 Bus Clock
01 Peripheral Crossbar Output [9]

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

Field Description

10 Peripheral Crossbar Output [10]
11 Disabled

23-22 Quadtimer Channel1 Primary Count Source Select
TMR1PCSSEL
This is used to select primary count source (clock) for Quadtimer Channel1. Configure
TMR_1_CTRL_PCS = 1xxxb to route selected primary clock source to the timer Channell.

00 Bus Clock

01 Peripheral Crossbar Output [9]
10 Peripheral Crossbar Output [10]
11 Disabled

21-20 Quadtimer Channel0 Primary Count Source Select
TMROPCSSEL
This is used to select primary count source (clock) for Quadtimer Channel0. Configure
TMR_O0_CTRL_PCS = 1xxxb to route selected primary clock source to the timer ChannelO.

00 Bus Clock

01 Peripheral Crossbar Output [9]
10 Peripheral Crossbar Output [10]
11 Disabled

19 Quadtimer Channel3 Secondary Count Source Select
TMR3SCSSEL

This field is used to select secondary count input source for Quadtimer Channel3. Configure
TMR_3_CTRL_SCS = 11b to route selected secondary source to the timer Channel3.

0 Pad PTE5 or PTD1, depending upon PCTL configuration.
1 Peripheral Crossbar (XBAR) Output[8]

18 Quadtimer Channel2 Secondary Count Source Select
TMR2SCSSEL

This field is used to select secondary count input source for Quadtimer Channel2. Configure
TMR_2_CTRL_SCS = 10b to route selected secondary source to the timer Channel2.

0 Pad PTF7 or PTFO, depending upon PCTL configuration.
1 Peripheral Crossbar (XBAR) Output[7]

17 Quadtimer Channel1 Secondary Count Source Select
TMR1SCSSEL

This field is used to select secondary count input source for Quadtimer Channel1. Configure
TMR_1_CTRL_SCS = 01b to route selected secondary source to the timer Channell.

0 Pad PTGO or PTC6, depending upon PCTL configuration.
1 Peripheral Crossbar (XBAR) Output[6]

16 Quadtimer Channel0 Secondary Count Source Select
TMROSCSSEL

This field is used to select secondary count input source for Quadtimer Channel0. Configure
TMR_0_CTRL_SCS = 00b to route selected secondary source to the timer ChannelQ.

0 Pad PTF1 or PTD5, depending upon PCTL configuration.
1 Peripheral Crossbar (XBAR) Output[5]

15 Timer CHO PLL clock select
TMROPLLCLKSEL

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

Field Description

0 Selects Bus Clock as source for the Timer CHO

1 Selects the PLL_AFE clock as the source for Timer CHO. The PLL_AFE clock source is itself
selected using the MISC_CTL[5:4]

14 External Watchdog Monitor Input Select
EWMINSEL

This field is used to select input for external watchdog monitor.

0 Input from PAD (PTE[2] or PTE[4] as selected from Pinmux control )
1 Peripheral Crossbar (XBAR) Output[32]

13-12 XBAR PIT Output select
XBARPITOUTSEL

This field selects PIT timer and timer channel to drive XBAR_IN[16].

00 PITO[O] (default)

01 PITO[1]
10 PIT1[0]
11 PIT1[1]
11 UARTS3 IRDA Select
UARTSIRSEL
Exclusive selection with other UARTSs. Do not select while another UART is selected for the same
functionality
0 Pad RX input (PTC[3] or PTD[7], as selected in Pinmux control) selected for RX input of
UART3 and UARTS3 TX signal is not used for modulation
1 UARTS selected for IRDA modulation. UART3 TX modulated by XBAR_OUT[14] and UART3
RX input connected to XBAR_OUT[13].
10 UART2 IRDA Select
UART2IRSEL
Exclusive selection with other UARTSs. Do not select while another UART is selected for the same
functionality
0 Pad RX input PTE[6] selected for RX input of UART2 and UART2 TX signal is not used for
modulation
1 UART2 selected for IRDA modulation. UART2 TX modulated by XBAR_OUT[14] and UART2
RX input connected to XBAR_OUT[13].
9 UART1 IRDA Select
UART1IRSEL
Exclusive selection with other UARTSs. Do not select while another UART is selected for the same
functionality
0 Pad RX input (PTD[2] or PTI[0], as selected in Pinmux control) selected for RX input of UART1
and UART1 TX signal is not used for modulation
1 UART1 selected for IRDA modulation. UART1 TX modulated by XBAR_OUT[14] and UART1
RX input connected to XBAR_OUT[13]
8 UARTO IRDA Select
UARTOIRSEL

Exclusive selection with other UARTs. Do not select while another UART is selected for the same
functionality

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

Field Description

0 Pad RXinput (PTD[0] or PTF[3], as selected in Pinmux control) selected for RX input of
UARTO and UARTO TX signal is not used for modulation

1 UARTO selected for IRDA modulation. UARTO TX modulated by XBAR_OUT[14] and UARTO
RX input connected to XBAR_OUT[13]

7 UART Modulation Type
UARTMODTYPE

Selects between TypeA and TypeB modulation for IRDA support

0 TypeA (ORed) Modulation selected for IRDA
1 TypeB (ANDed) Modulation selected for IRDA

6 AFE Clock Pad Direction
AFECLKPADDIR

Controls the direction of the AFE CLK pin

0 AFE CLK PAD is input
1 AFE CLK PAD is output

5-4 AFE Clock Source Select
AFECLKSEL

Selects between PLL, FLL and OSC clock as the source for the PLL clock branch for AFE Clock
Mux

00 MCG PLL Clock selected
01 MCG FLL Clock selected
10 OSC Clock selected

11 Disabled

3-2 DMA Done select

DMADONESEL

This field can be used to select the DMA Done flag to drive XBAR_IN[32]
00 DMAO
01 DMAT1
10 DMA2
11 DMA3

1-0 XBAR AFE Modulator Output Select

XBARAFEMODOUTSEL

This field selects modulator data output of the respective AFE channel to drive XBAR_IN[3].

00 Sigma Delta Modulator 0 data output
01 Sigma Delta Modulator 1 data output
10 Sigma Delta Modulator 2 data output
11 Sigma Delta Modulator 3 data output

12.4 Functional description

See Introduction section.
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Chapter 13
Miscellaneous Control Module (MCM)

13.1 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.

13.1.1 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
* Master attributes configurations

13.2 Memory map/register descriptions

The memory map and register descriptions found here describe the registers using byte
addresses. The registers can be written only when in supervisor mode.

NOTE
For MCM registers, any of these behaviors will cause hardfault
exception access any register in user mode, access PID register
by halfword or byte, write to read-only registers.
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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 13.2.1/226
Crossbar Switch (AXBS) Master Configuration
FO00_300A (MCM_PLAMC) 16 R 0005h 13.2.2/227
F000_300C |Platform Control Register (MCM_PLACR) 32 R/W 13.2.3/227
F000_3030 |Process ID register (MCM_PID) 32 R/W | 0000_0000h | 13.2.4/230
F000_3040 |Compute Operation Control Register (MCM_CPO) 32 R/W | 0000_0000h | 13.2.5/231
FO00_3080 |Master Attribute Configuration Register (MCM_MATCRO) 32 R/W | 0000_0000h | 13.2.6/232

13.2.1 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 4 3 2 1 0
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.
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13.2.2 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 0 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

13.2.3 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
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
%) &) ®) g
Q |EFDS| @ o [§) ARB
LL
O
w e
O
Reset 0 1 0 1 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
Enables stalling flash controller when flash is busy.

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

Field

Description

When software needs to access the flash memory while a flash memory resource is being manipulated by
a flash command, software can enable a stall mechanism to avoid a read collision. The stall mechanism
allows software to execute code from the same block on which flash operations are being performed.
However, software must ensure the sector the flash operations are being performed on is not the same
sector from which the code is executing.

ESFC enables the stall mechanism. This bit must be set only just before the flash operation is executed
and must be cleared when the operation completes.

0 Disable stalling flash controller when flash is busy.
1 Enable stalling flash controller when flash is busy.

15
DFCS

Disable Flash Controller Speculation
Disables flash controller speculation.

0 Enable flash controller speculation.
1 Disable flash controller speculation.

14
EFDS

Enable Flash Data Speculation
Enables flash data speculation.

0 Disable flash data speculation.
1 Enable flash data speculation.

13
DFCC

Disable Flash Controller Cache

Disables flash controller cache.

0 Enable flash controller cache.
1 Disable flash controller cache.

12
DFCIC

Disable Flash Controller Instruction Caching
Disables flash controller instruction caching.

0 Enable flash controller instruction caching.
1 Disable flash controller instruction caching.

11
DFCDA

Disable Flash Controller Data Caching
Disables flash controller data caching.

0 Enable flash controller data caching
1 Disable flash controller data caching.

10
CFCC

Clear Flash Controller Cache

Writing a 1 to this field clears the cache. Writing a 0 to this field is ignored. This field always reads as 0.

ARB

Arbitration select

0 Fixed-priority arbitration for the crossbar masters
1 Round-robin arbitration for the crossbar masters

8-0

Reserved

This field is reserved.
This read-only field is reserved and always has the value 0.
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13.2.4 Process ID register (MCM_PID)

This register drives the MO_PID value in the Memory Protection Unit (MPU). System
software loads this register before passing control to a given user mode process. If the
PID of the process does not match the value in this register, a bus error occurs. See the
MPU chapter for more details.

Address: FO00_3000h base + 30h offset = FO00_3030h

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

Reset 0 O 0 0O O O OO OOOOTOT OTUOO|OOOOOOOO OOOOOUOOOTUOTGO

MCM_PID field descriptions

Field Description
31-8 This field is reserved.

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

Drives the MO_PID value in the MPU.

00h Reserved for privileged secure tasks
01h - 7Fh  Allocated for user secure tasks
80h - FFh Allocated for user nonsecure tasks
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13.2.5 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) i
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 Wake-up 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.

13.2.6 Master Attribute Configuration Register (MCM_MATCRnN)

This 32-bit register consists of four 8-bit attribute configuration register fields for each
system bus master. Each MATCRn register field allows the corresponding bus master’s
secure/nonsecure and privileged/user attributes to be forced to a static state, or simply
enable the attributes generated by the master module. This information is then used on a
per bus transaction basis to control access. See the MPU chapter for more details.

For all ATCn values, if the state indicates privileged (either statically or via the master
module's attribute), then the other state indicator is forced to secure.

NOTE
Writes to ATCO configure the processor’s master attributes, and
software must take special care with this value. Typically, the
processor would use an ATCO value of {Ob11- or Ob0O-}
because the other values can create a configuration where
access to system level resources is not allowed.

Each MATCRn register field also contains a lock bit (RO) that may be set to disable
writes to the register, preserving the configured state until the next system reset.

Address: FO00_3000h base + 80h offset + (1d x i), where i=0d to 0d

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
ATC2

0 0 0

2 1 0
ATCO

0 0 0

MCM_MATCRN field descriptions

Field Description
31-24 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
23 Read-Only Master n
RO2

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

Field Description

This register bit provides a mechanism to lock the configuration state defined by ATCn. Once asserted,
this bit remains set and attempted writes to the ATCn are ignored until the next system reset clears the
flag.

0 Writes to the ATCn are allowed.
1 Writes to the ATCn are ignored.

22-19 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
18-16 Attribute Configuration Master n
ATC2

This 3-bit field defines the privileged/user and secure/nonsecure attribute configurations.

00x Master attributes are statically forced to {privileged, secure}.

010 Master attributes are statically forced to {user, secure}.

011 Master attributes are statically forced to {user, nonsecure}.

100 Enable master attribute {privileged or user} and statically force {secure}.
101 Enable master attribute {privileged or user} and statically force {nonsecure}.
11x  Enable master attribute {privileged or user, secure or nonsecure}

15-8 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
7 Read-Only Master n
ROO0

This register bit provides a mechanism to lock the configuration state defined by ATCn. Once asserted,
this bit remains set and attempted writes to the ATCn register are ignored until the next system reset
clears the flag.

0 Writes to the ATCn are allowed.
1 Writes to the ATCn are ignored.

6-3 This field is reserved.
Reserved This read-only field is reserved and always has the value 0.
2-0 Attribute Configuration Master n
ATCO

This 3-bit field defines the privileged/user and secure/nonsecure attribute configurations.

00x Master attributes are statically forced to {privileged, secure}.

010 Master attributes are statically forced to {user, secure}.

011 Master attributes are statically forced to {user, nonsecure}.

100 Enable master attribute {privileged or user} and statically force {secure}.
101 Enable master attribute {privileged or user} and statically force {nonsecure}.
11x Enable master attribute {privileged or user, secure or nonsecure}
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Chapter 14
Reset Control Module (RCM)

14.1 Introduction

Information found here 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.

See AN4503: Power Management for Kinetis and ColdFire+ MCUs for further details on
using the RCM.

14.2 Reset memory map and register descriptions
The RCM Memory Map/Register Definition can be found here.

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

CITOor.

RCM memory map

I;ZZC:::: Register name (ivr\rli:ittr;) Access | Reset value S‘;‘:;Zn/
(hex)
4007_B000 |System Reset Status Register 0 (RCM_SRSO0) 8 R 82h 14.2.1/236
4007_B001 |System Reset Status Register 1 (RCM_SRSH1) 8 R 00h 14.2.2/237
4007_B004 |Reset Pin Filter Control register (RCM_RPFC) 8 R/W 00h 14.2.3/238
4007_B005 |Reset Pin Filter Width register (RCM_RPFW) 8 R/W 00h 14.2.4/239
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14.2.1 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.

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_B000h base + Oh offset = 4007_B000h

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 timing out. This reset source can be blocked by
disabling the watchdog.

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.

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

Field Description

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

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 PMC_LVDSC1[LVDRE] is set and the supply drops below the LVD trip voltage, an LVD reset occurs.
This field 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 wakeup source while the chip was in a low leakage
mode. 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 wakeup source
1 Reset caused by wakeup source

14.2.2 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
LVD (without POR) — 0x00
VLLS mode wakeup — 0x00
Other reset — a bit is set if its corresponding reset source
caused the reset
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Address: 4007_B000h base + 1h offset = 4007_B001h

Bit 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
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
SwW
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.

14.2.3 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.
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NOTE

The bus clock filter is reset when disabled or when entering
stop mode. The LPO filter is reset when disabled .

Address: 4007_B000h base + 4h offset = 4007_B004h

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 PMC_REGSC[ACKISO].

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

14.2.4 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_B000h base + 5h offset = 4007_B005h

Bit 7 6 5 4 | 3 2 1 0
Read 0 RSTFLTSEL
Write
Reset 0 0 0 o | o 0 0 0
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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.

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 15
System Mode Controller (SMC)

15.1 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.

See AN4503: Power Management for Kinetis and ColdFire+ MCUs for further details on
using the SMC.

15.2 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.
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moues of operation

The following table shows the translation between the ARM CPU modes and the
Freescale MCU power modes.

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 15-1. 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.

Table continues on the next page...
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Table 15-1. 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.

VLLS2

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 the system RAM2 partition. The system
RAMT1 partition contents are retained in this mode. Internal logic states are not retained. !

VLLS1

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].

1. See the devices' chip configuration details for the size and location of the system RAM partitions.

15.3 Memory map and register descriptions

Information about the registers related to the system mode controller can be found here.

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

NOTE

Before executing the WFI instruction, the last register written to
must be read back. This ensures that all register writes
associated with setting up the low power mode being entered
have completed before the MCU enters the low power mode.
Failure to do this may result in the low power mode not being
entered correctly.
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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 See section | 15.3.1/244
4007_EO001 |Power Mode Control register (SMC_PMCTRL) 8 R/W See section | 15.3.2/245
4007_EO002 |Stop Control Register (SMC_STOPCTRL) 8 R/W 03h 15.3.3/246
4007_EO003 |Power Mode Status register (SMC_PMSTAT) 8 R See section | 15.3.4/248

15.3.1 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).

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
PMCTRL[RUNM] remains 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
* Notes:

* AVLP field: When booting in run mode, the reset value is 0. When booting in VLPR mode, the reset value is 1.

SMC_PMPROT 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.

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

Field Description

5 Allow Very-Low-Power Modes
AVLP
Provided the appropriate control bits are set up in PMCTRL, this write-once field allows the MCU to enter
any very-low-power mode (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 This field is reserved.

Reserved This read-only field is reserved and always has the value 0.
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 (VLLSKX).

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.

15.3.2 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_EO00h base + 1h offset = 4007_E001h

Bit 7 6 5 4 | 3 2 1 0
Read 0 STOPA
RUNM STOPM
Write
Reset 0 * * 0 0 0 0 0

* Notes:
* RUNM field: When booting in run mode, the reset value is 00. When booting in VLPR mode, the reset value is 01.
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SMC_PMCTRL field descriptions

Field Description
7 This field is reserved.
Reserved This bit is reserved for future expansion and should always be written zero.
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.

NOTE: RUNM may be set to VLPR only when PMSTAT=RUN. After being written to VLPR, RUNM
should not be written back to RUN until PMSTAT=VLPR.

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 field 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.

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 field 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 Reserved

100 Very-Low-Leakage Stop (VLLSXx)
101 Reserved

110 Reseved

111 Reserved

15.3.3 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.
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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 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 (or VLPR) 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 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 bit is reserved for future expansion and should always be written zero.
2-0 VLLS Mode Control
VLLSM

This field controls which VLLS sub-mode to enter if STOPM = VLLSx.

000
001

VLLSO
VLLS1

010 VLLS2

011

100
101
110
111

VLLS3

Reserved
Reserved
Reserved
Reserved
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15.3.4 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.

Address: 4007_EO00h base + 3h offset = 4007_E003h

Bit 7 6 5 4 | 3 2 1 0
Read PMSTAT
Write
Reset * x * * x * * x
* Notes:

e PMSTAT field: When booting in run mode, the reset value is 0x00. When booting in VLPR mode, the reset value is 0x04.

SMC_PMSTAT field descriptions

Field Description

7-0 Power Mode Status
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

NOTE: Since the RUNM bits in the PMCTRL register are reset to VLPR on any Chip Reset not VLLS, the
PMSTAT will update to VLPR shortly after the reset sequence is complete.

0000_0001 Current power mode is RUN.
0000_0010 Current power mode is STOP.
0000_0100 Current power mode is VLPR.
0000_1000 Current power mode is VLPW.
0001_0000 Current power mode is VLPS.
0010_0000 Reserved

0100_0000 Current power mode is VLLS.

1000_0000 Reserved

15.4 Functional description
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15.4.1 Power mode transitions

The following figure shows the power mode state transitions available on the chip. Any
reset will initially bring the MCU back to the normal RUN state. However, in order to
minimize peak power consumption, the RUNM bits in the PMCTRL register can be reset
to VLPR via Flash IFR settings, causing the SMC to begin transitioning the MCU into

VLPR mode during the reset recovery sequence.

Any RESET

Figure 15-5. Power mode state diagram

The following table defines triggers for the various state transitions shown in the previous
figure.
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Table 15-7. 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
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 and MCG

clocking mode are restricted in this mode. See the Power
Management chapter for the maximum allowable frequencies
and MCG modes supported.

Set PMPROT[AVLP]=1, PMCTRL[RUNM]=10.

NOTE: In order to limit peak current, PMPROT[AVLP] and
PMCTRL[RUNM] bits can be set on any Reset via
Flash IFR settings, causing the SMC to transition the
MCU from RUN->VLPR during the reset recovery

sequence.
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 (transition
#7), hardware forces exit back to RUN and does not
allow a transition to VLPR.

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

Table continues on the next page...
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Table 15-7. Power mode transition triggers (continued)

Transition #

From

To

Trigger conditions

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 input source or RESET pin

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.

—

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[PSTOPO]=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
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15.4.2 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. This 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.

Low-
Leakage
Wakeup
(LLWU)

w

PMC low power bus

System
Power
(PMC)

Bus masters low power bus (non-CPU)

Bus slaves low power bus

Flash low power bus

Reset
Control
Module CPU
(RCM)
LP exit Stop/Wait
y v
System Clock
MOde CCM low power bus ContrOI
Controller Module
(SMC) (CCM)
MCG enable
Y
System Flash
Clocks Memory
(MCQG) Module

15.4.2.1 Stop mode entry sequence

Entry into a low-power stop mode (Stop, VLPS, VLLSX) is initiated by CPU execution of
the WFI instruction. After the instruction is executed, the following sequence occurs:

1. The CPU clock is gated off immediately.
2. Requests are made to all non-CPU bus masters to enter Stop mode.
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3. After all masters have acknowledged they are ready to enter Stop mode, requests are
made to all bus slaves to enter Stop mode.

4. After all slaves have acknowledged they are ready to enter Stop mode, all system and

bus clocks are gated off.

Clock generators are disabled in the MCG.

6. The on-chip regulator in the PMC and internal power switches are configured to
meet the power consumption goals for the targeted low-power mode.

hd

15.4.2.2 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.

15.4.2.3 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, SMC_PMCTRL[STOPA] is set to 1.

15.4.2.4 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.
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15.4.2.5 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. As part of this transition, system
clocking is re-established and is equivalent to the normal RUN and VLPR mode clocking
configuration.

15.4.3 Run modes

The run modes supported by this device can be found here.

* Run (RUN)
* Very Low-Power Run (VLPR)

15.4.3.1 RUN mode

This mode is selected after any reset. In order to reduce peak power consumption,
however, the SMC will begin transitioning the MCU into VLPR mode during the reset
recovery sequence. 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.

15.4.3.2 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.
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* 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.

e PMCTRL[RUNM] is set to 10b to enter VLPR.

* Flash programming/erasing is not allowed.

NOTE
Do not increase the clock frequency while in VLPR mode,
because the regulator is slow in responding and cannot manage
fast load transitions. In addition, do not modify the clock source
in the MCG module or any clock divider registers. Module
clock enables in the SIM can be set, however should only be
cleared one at a time to limit load transitions.

To reenter Normal Run mode, clear PMCTRL[RUNM]. PMSTAT 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 PMSTAT
until it is set to RUN when returning from VLPR mode.

Any reset will initially cause the device to exit to RUN mode, however Flash IFR settings
can be used to return the part to VLPR during the MCU reset flow.

15.4.4 Wait modes

This device contains two different wait modes which are listed here.

* Wait
* Very-Low Power Wait (VLPW)

15.4.4.1 WAIT mode

WAIT mode is entered when the ARM core enters the Sleep-Now or Sleep-On-Exit
modes while SLEEDEEDP is cleared. The ARM CPU enters a low-power state in which it
1s not clocked, but peripherals continue to be clocked provided they are enabled. Clock
gating to the peripheral is enabled via the SIM module.

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.
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A system reset will cause an exit from WAIT mode, temporarily returning the device to
RUN mode before transitioning into VLPR during the MCU reset flow.

15.4.4.2 Very-Low-Power Wait (VLPW) mode

VLPW is entered by the entering the Sleep-Now or Sleep-On-Exit mode while
SLEEPDEERP 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 unus