T; RMOO037
” life.augmented

Reference manual

Support microcontrollers SPC560B54x, SPC560B60x and
SPC560B64x

Introduction

The SPC560B54/6x is a family of Power Architecture®-based microcontrollers that target
automotive vehicle body applications such as:

e Central body electronics

¢ Vehicle body controllers

e Smart junction boxes

e Front modules

e Body peripherals

e Door control

e Seat control

The SPC560B54/6x family expands the range of the SPC560B microcontroller family. It
provides the scalability needed to implement platform approaches and delivers the
performance required by increasingly sophisticated software architectures. The advanced
and cost-efficient host processor core of the SPC560B54/6x automotive controller family
complies with the Power Architecture embedded category, and only implements the VLE
(variable-length encoding) APU, providing improved code density. It operates at speeds of
up to 64 MHz and offers high performance processing optimized for low power
consumption. It also capitalizes on the available development infrastructure of current

Power Architecture devices and is supported with software drivers, operating systems and
configuration code to assist with users implementations.

This document describes the features of the family and options available within the family
members, and highlights important electrical and physical characteristics of the device.
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RMO0037 Preface
1 Preface
1.1 Overview
The primary objective of this document is to define the functionality of the SPC560B54/6x
microcontroller for use by software and hardware developers. The SPC560B54/6x is built on
Power Architecture® technology and integrates technologies that are important for today’s
automotive vehicle body applications.
The information in this book is subject to change without notice, as described in the
disclaimers on the title page. As with any technical documentation, it is the reader’s
responsibility to be sure he or she is using the most recent version of the documentation.
To locate any published errata or updates for this document, visit the ST Web site at
www.st.com.
1.2 Audience
This manual is intended for system software and hardware developers and applications
programmers who want to develop products with the SPC560B54/6x device. It is assumed
that the reader understands operating systems, microprocessor system design, basic
principles of software and hardware, and basic details of the Power Architecture.
1.3 Guide to this reference manual
Table 1. Guide to this reference manual
Chapter
Description Functional group
# Title
General overview, family description, feature list and Introductor
2 | Introduction information on how to use the reference manual in -ory
. : . . material
conjunction with other available documents.
3 | Memory Map Memory map of all peripherals and memory. Memory map
4 | Signal description Pinout diagrams and descriptions of all pads. Signals
Microcontroller Boot
— Describes what configuration is required by the
user and what processes are involved when the
— Boot mechanism microcontroller boots from flash memory or serial
boot modes.
5 — Describes censorship. Boot
— Boot Assist Module (BAM) Features of BAM code and when it's used.
- Systt_am St‘f"t“s and Reports information about current state and
Configuration Module configuration of the microcontroller
(SSCM) 9 :
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Table 1. Guide to this reference manual (continued)

Chapter
Description Functional group
# Title
— Covers configuration of all of the clock sources in
6 | Clock Description the system.
— Describes the Clock Monitor Unit (CMU).
. Determines how the clock sources are used
Clock Generation Module : . L
7 (including clock dividers) to generate the reference
(MC_CGM) i
clocks for all of the modules and peripherals.
Determines the clock source, memory, power and
8 | Mode Entry Module (MC_ME) | peripherals that are available in each operating
mode.
. Manages the process of entering and exiting reset,
g |Reset Generation Module allows reset sources to be configured (including Clocks and power
(MC_RGM) , ) .
LVD's) and provides status reporting.
Controls the power to different power domains within (mc(;udes ?_perat!ng
10 | Power Control Unit (MC_PCU) |the microcontroller (allowing SRAM to be selectively mo derfon |guratll(on
powered in STANDBY mode). and how to wake
up from low power
1 Voltage Regulators and Power | Information on voltage regulator implementation. mode)
Supplies Includes enable bhit for 5 V LVD (see also MC_RGM).
Always-active analog block. Details configuration of 2
12 | Wakeup Unit (WKPU) internal (API/RTC) and 27 external (pin) low power
mode wakeup sources.
13 Real Time Clock / Autonomous | Details configuration and operation of timers that are
Periodic Interrupt (RTC/API) predominately used for system wakeup.
Details on how to configure the CAN sampler which is
14 | CAN Sampler used to capture the |d_ent|f|er frame.of_a CAN
message when the microcontroller is in low power
mode.
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Table 1. Guide to this reference manual (continued)
Chapter
Description Functional group
# Title
15 | e20020h Core Overview on cores. For more details consult the core

reference manuals available on www.st.com.

Enhanced Direct Memory

Operation and configuration information on the 32-
channel direct memory access that can be used to
transfer data between any memory mapped

16 Access (eDMA) locations. Certain peripherals have eDMA triggers
that can be used to feed configuration data to, or read
results from the peripherals.
Operation and configuration information for the eDMA
. multiplexer, which takes the 59 possible eDMA
17 ((EDDI\T: f/lkba)?)nel Multiplexer sources (triggers from the DSPI, eMIOS, 12C, ADC Core platform
- and LINFlexD) and multiplexes them onto the 16 modules
eDMA channels.
Provides the configuration and control of all of the
18 |Interrupt Controller (INTC) external interrupts (non-core) that are then routed to
the IVOR4 core interrupt vector.
19 | Crossbar Switch (XBAR) Describes the cqnnectlons of the XBAR masters and
slaves on this microcontroller.
The MPU sits on the slave side of the XBAR and
20 |Memory Protection Unit (MPU) | allows highly configurable control over all master
accesses to the memory.
System Integration Unit Lite How _to co_nflgur_e the pins or ports for input or output
21 (SIUL) functions including external interrupts and DSI Ports
serialization.
22 Inter-Integrated Circuit Bus
Controller Module (12C)
23 | LIN Controller (LINFlex) These chapters describe the configuration and
operation of the various communication modules. Communication
24 | LIN Controller (LINFlexD) Some of these modules support DMA requests to fill / modules
25 |FlexCAN empty buffer queues to minimize CPU overhead.
26 Deserial Serial Peripheral
Interface (DSPI)
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Table 1. Guide to this reference manual (continued)

Chapter

Title

Description

Functional group

Timers

— Technical overview

Gives an overview of the available system timer
modules showing links to other modules as well as
tables detailing the external pins associated with
eMIOS timer channels.

27

— System Timer Module (STM)

A simple 32-bit free running counter with 4 compare
channels with interrupt on match. It can be read at
any time; this is very useful for measuring execution
times.

— Enhanced Modular 10
Subsystem (eMIOS)

Highly configurable timer module(s) supporting PWM,
output compare and input capture features. Includes
interrupt and eDMA support.

— Periodic Interrupt Timer
(PIT)

Set of 32-bit countdown timers that provide periodic
events (which can trigger an interrupt) with automatic
re-load.

Timer modules

28

Analog-to-Digital Converter
(ADC)

Details the configuration and operation of the ADC
modules as well as detailing the channels that are
shared between the 10-bit and 12-bit ADC. The ADC
is tightly linked to the INTC, eDMA, PIT, and CTU.
When used in conjunction with these other modules,
the CPU overhead for an ADC conversion is
significantly reduced.

29

Cross Triggering Unit (CTU)

The CTU allows an ADC conversion to be
automatically triggered based on an eMIOS event
(like a PWM output going high) or a PIT_RTI event
with no CPU intervention.

ADC system

30

Flash Memory

Details the code and data flash memory structure
(with ECC), block sizes and the flash memory port
configuration, including wait states, line buffer
configuration and pre-fetch control.

31

Static RAM (SRAM)

Details the structure of the SRAM (with ECC). There
are no user configurable registers associated with the
SRAM.

Memory
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Table 1. Guide to this reference manual (continued)
Chapter
Description Functional group
# Title
Certain registers in each peripheral can be protected
from further writes using the register protection
32 |Register Protection mechanism detailed in this section. Registers can

either be configured to be unlocked via a soft lock bit
or locked unit the next reset.

The SWT offers a selection of configurable modes

Software Watchdog Timer th_at can be used to monitor the opergtlon of.the Integrity
33 (SWT) microcontroller and /or reset the device or trigger an
interrupt if the SWT is not correctly serviced. The
SWT is enabled out of reset.
Error Correction Status Module Proylde_s mform_atlon about the Ia_lst reset_, general
34 (ECSM) device information, system fault information and
detailed ECC error information.
IEEE 1149.1 Test Access Port .
35 Controller (JTAGC) Used for boundary scan as well as device debug.
Debug
36 Nexus Development Interface | Provides advanced debug features including non
(NDI) intrusive trace capabilities.
- . Summarizes the changes between each successive Revision history
37 | Revision History . . - .
revision of this reference manual information
1.4 Register description conventions
The register information for SPC560B54/6x is presented in:
e Memory maps containing:
—  An offset from the module’s base address
— The name and acronym/abbreviation of each register
—  The page number on which each register is described
e Register figures
e Field-description tables
e Associated text
The register figures show the field structure using the conventions in Figure 1.
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R| O 1 R| FIELD1 FIELD2 R
FIELD
w W W
Reserved bits Read-only fields Read/write fields
R 0 0 0 R| FIELD
W | FIELD1 FIELD2 W| wlc
Write-only fields “Write 1 to clear” field
(field will always read 0)
Figure 1. Register figure conventions
The numbering of register bits and fields on SPC560B54/6x is as follows:
e Register bit numbers, shown at the top of each figure, use the standard
Power Architecture bit ordering (0, 1, 2, ...) where bit 0 is the most significant bit (MSB).
e  Multi-bit fields within a register use conventional bit ordering (..., 2, 1, 0) where bit 0 is
the least significant bit (LSB).
1.5 References
In addition to this reference manual, the following documents provide additional information
on the operation of the SPC560B54/6x:
e |EEE-ISTO 5001-2003 Standard for a Global Embedded Processor Interface (Nexus)
e |EEE 1149.1-2001 standard - IEEE Standard Test Access Port and Boundary-Scan
Architecture
1.6 How to use the SPC560B54/6x documents
This section:
e Describes how the SPC560B54/6x documents provide information on the
microcontroller
e  Makes recommendations on how to use the documents in a system design
1.6.1 The SPC560B54/6x document set

52/1044

The SPC560B54/6x document set comprises:

e  This reference manual (provides information on the features of the logical blocks on the
device and how they are integrated with each other)

e The device data sheet (specifies the electrical characteristics of the device)

e The device product brief

The following reference documents (available online at www.st.com) are also available to
support the CPU on this device:

e Programmer’s Reference Manual for Book E Processors

e Variable-Length Encoding (VLE) Extension - Programming Interface Manual

3
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The aforementioned documents describe all of the functional and electrical characteristics
of the SPC560B54/6x microcontroller.

Depending on your task, you may need to refer to multiple documents to make design
decisions. However, in general the use of the documents can be divided up as follows:
e  Use the reference manual (this document) during software development and when
allocating functions during system design.
e Use the data sheet when designing hardware and optimizing power consumption.
e Use the CPU reference documents when:
—  Configuring CPU memory and branch optimizations
— Doing detailed software development in assembly language
—  Debugging complex software interactions
16.2 Reference manual content

3

The content in this document focuses on the functionality of the microcontroller rather than
its performance. Most chapters describe the functionality of a particular on-chip module,
such as a CAN controller or timer. The remaining chapters describe how these modules are
integrated into the memory map, how they are powered and clocked, and the pin-out of the
device.

In general, when an individual module is enabled for use all of the detail required to
configure and operate it is contained in the dedicated chapter. In some cases there are
multiple implementations of this module, however, there is only one chapter for each type of
module in use. For this reason, the address of registers in each module is normally provided
as an offset from a base address which can be found in Chapter 3: Memory Map. The
benefit of this approach is that software developed for a particular module can be easily
reused on this device and on other related devices that use the same modules.

The steps to enable a module for use varies but typically these require configuration of the
integration features of the microcontroller. The module will normally have to be powered and
enabled at system level, then a clock may have to be explicitly chosen and finally if required
the input and output connections to the external system must be configured.

The primary integration chapters of the reference manual contain most of the information
required to enable the modules. There are special cases where a chapter may describe
module functionality and some integration features for convenience — for example, the
microcontroller input/output (SIUL) module. Integration and functional content is provided in
the manual as shown in Table 2.
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Table 2. Reference manual integration and functional content

Chapter Integration content Functional content

— The main features on chip

Introduction — A summary of the functions provided by | —

each module

How the memory map is allocated,
including:
— Internal RAM

Memory Map — Flash memory —

— External memory-mapped resources
and the location of the registers used by
the peripherals(t)

Signal Description

How the signals from each of the modules
are combined and brought to a particular
pin on a package

Boot Assist Module

CPU boot sequence from reset
Implementation of the boot options if
internal flash memory is not used

Clock Description

Clocking architecture of the device (which
clock is available for the system and each
peripheral)

Description of operation of different clock
sources

eDMA Channel Multiplexer

Source values for module eDMA channels

How to connect a module eDMA channel
to the eDMA module

Interrupt Controller

Interrupt vector table

Operation of the module

Mode Entry Module

Module numbering for control and status

Operation of operating modes

System Integration Unit
Lite

How input signals are mapped to
individual modules including external
interrupt pins

Operation of GPIO

Voltage regulators and
power supplies

Power distribution to the MCU

Wakeup Unit

Allocation of inputs to the Wakeup Unit

Operation of the wakeup feature

1. To find the address of a register in a particular module take the start address of the module given in the memory map and
add the offset for the register given in the module chapter.

1.7

Using the SPC560B54/6x

There are many different approaches to designing a system using the SPC560B54/6x so
the guidance in this section is provided as an example of how the documents can be applied

in this task.

Familiarity with the SPC560B54/6x modules can help ensure that its features are being
optimally used in a system design. Therefore, the current chapter is a good starting point.
Further information on the detailed features of a module are provided within the module
chapters. These, combined with the current chapter, should provide a good introduction to
the functions available on the MCU.
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1.7.1

1.7.2

3

Hardware design

The SPC560B54/6x requires that certain pins are connected to particular power supplies,
system functions and other voltage levels for operation.

The SPC560B54/6x internal logic operates from 1.2 V (nominal) supplies that are normally
supplied by the on-chip voltage regulator from a 5V or 3.3 V supply. The 3.3-5 V (x10%)
supply is also used to supply the input/output pins on the MCU. Chapter 4: Signal
description, describes the power supply pin names, numbers and their purpose. For more
detail on the voltage supply of each pin, see Chapter 11: Voltage Regulators and Power
Supplies. For specifications of the voltage ranges and limits and decoupling of the power
supplies see the SPC560B54/6x data sheet.

Certain pins have dedicated functions that affect the behavior of the MCU after reset. These
include pins to force test or alternate boot conditions and debug features. These are
described in Chapter 4: Signal description, and a hardware designer should take care that
these pins are connected to allow correct operation.

Beyond power supply and pins that have special functions there are also pins that have
special system purposes such as oscillator and reset pins. These are also described in
Chapter 4: Signal description. The reset pin is bidirectional and its function is closely tied to
the reset generation module [Chapter 9: Reset Generation Module (MC_RGM)]. The crystal
oscillator pins are dedicated to this function but the oscillator is not started automatically
after reset. The oscillator module is described in Section 6.3: Fast external crystal oscillator
(FXOSC) digital interface, along with the internal clock architecture and the other oscillator
sources on chip.

Input/output pins

The majority of the pins on the MCU are input/output pins which may either operate as
general purpose pins or be connected to a particular on-chip module. The arrangement
allows a function to be available on several pins. The system designer should allocate the
function for the pin before connecting to external hardware. The software should then
choose the correct function to match the hardware. The pad characteristics can vary
depending on the functions on the pad. Chapter 4: Signal description, describes each pad
type (for example, S, M, or J). Two pads may be able to carry the same function but have
different pad types. The electrical specification of the pads is described in the data sheet
dependent on the function enabled and the pad type.

There are three modules that configure the various functions available:

e  System Integration Unit Lite (SIUL)

e  Wakeup Unit (WKPU)

e 32 KHz oscillator (SXOSC)

The SIUL configures the digital pin functions. Each pin has a register (PCR) in the module
that allows selection of the output functions that is connected to the pin. The available
settings for the PCR are described in Section 4.7: Functional port pins. Inputs are selected
using the PSMI registers; these are described in Chapter 21: System Integration Unit Lite

(SIUL). (PSMI registers connect a module to one of several pins, whereas the PCR registers
connect a pin to one of several modules).

The WKPU provides the ability to cause interrupts and wake the MCU from low power
modes and operates independently from the SIUL.
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1.7.3

1.7.4
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In addition to digital /O functions, the SXOSC is a "special function" that provides a slow
external crystal. The SXOSC is enabled independently from the digital I/O which means that
the digital function on the pin must be disabled when the SXOSC is active.

The ADC functions are enabled using the PCRs.

Software design

Certain modules provide system integration functions, and other modules (such as timers)
provide specific functions.

From reset, the modules involved in configuring the system for application software are:
e  Boot Assist Module (BAM) — determines the selected boot source

e Reset Generation Module (MC_RGM) — determines the behavior of the MCU when
various reset sources are triggered and reports the source of the reset

e  Mode Entry Module (MC_ME) — controls which operating mode the MCU is in and
configures the peripherals and clocks and power supplies for each of the modes

e  Power Control Unit (MC_PCU) — determines which power domains are active

e Clock Generation Module (MC_CGM) — chooses the clock source for the system and
many peripherals

After reset, the MCU will automatically select the appropriate reset source and begin to
execute code. At this point the system clock is the 16 MHz FIRC oscillator, the CPU is in
supervisor mode and all the memory is available. Initialization is required before most
peripherals may be used and before the SRAM can be read (since the SRAM is protected
by ECC, the syndrome will generally be uninitialized after reset and reads would fail the
check). Accessing disabled features causes error conditions or interrupts.

A typical startup routine would involve initializing the software environment including stacks,
heaps, variable initialization and so on and configuring the MCU for the application.

The MC_ME module enables the modules and other features like clocks. It is therefore an
essential part of the initialization and operation software. In general, the software will
configure an MC_ME mode to make certain peripherals, clocks, and memory active and
then switch to that mode.

Chapter 6: Clock Description, includes a graphic of the clock architecture of the MCU. This
can be used to determine how to configure the MC_CGM module. In general software will

configure the module to enable the required clocks and PLLs and route these to the active
modules.

After these steps are complete it is possible to configure the input/output pins and the
modules for the application.

Other features

The MC_ME module manages low power modes and so it is likely that it will be used to
switch into different configurations (module sets, clocks) depending on the application
requirements.

3
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The MCU includes two other features to improve the integrity of the application:

e Itis possible to enable a software watchdog (SWT) immediately at reset or afterwards
to help detect code runaway.

e Individual register settings can be protected from unintended writes using the features
of the Register Protection module. The protected registers are shown in Chapter 32:
Register Protection.

Other integration functionality is provided by the System Status and Configuration Module
(SSCM).

3
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2 Introduction
2.1 The SPC560B54/6x microcontroller family
The SPC560B54/6x is a family of Power Architecture®-based microcontrollers that target
automotive vehicle body applications such as:
e  Central body electronics
e Vehicle body controllers
e  Smart junction boxes
e  Front modules
e  Body peripherals
e Door control
e  Seat control
The SPC560B54/6x family expands the range of the SPC560B microcontroller family. It
provides the scalability needed to implement platform approaches and delivers the
performance required by increasingly sophisticated software architectures. The advanced
and cost-efficient host processor core of the SPC560B54/6x automotive controller family
complies with the Power Architecture embedded category, and only implements the VLE
(variable-length encoding) APU, providing improved code density. It operates at speeds of
up to 64 MHz and offers high performance processing optimized for low power
consumption. It also capitalizes on the available development infrastructure of current
Power Architecture devices and is supported with software drivers, operating systems and
configuration code to assist with users implementations.
This document describes the features of the family and options available within the family
members, and highlights important electrical and physical characteristics of the device.
2.2 SPC560B54/6x device comparison
Table 3 summarizes the SPC560B54/6x family of microcontrollers.
Table 3. SPC560B54/6x family comparison®
Feature SPC560B54 SPC560B60 SPC560B64
CPU €200z0h
Execution speed(z) Up to 64 MHz
Code flash memory 768 KB ‘ 1MB | 15MB
Data flash memory 64 (4 X 16) KB
SRAM 64KB | 80 KB | 96 KB
MPU 8-entry
eDMA 16 ch
10-bit ADC Yes
dedicated® 7ch | 15ch | 7ch | 15¢ch [ 20ch | 7ch [15ch | 29ch | 290n
shared with 12-bit ADC 19 ch
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Table 3. SPC560B54/6x family comparison(l) (continued)
Feature SPC560B54 SPC560B60 SPC560B64

12-bit ADC Yes
dedicated® 5 ch
shared with 10-bit ADC 19 ch

. 37 ch 64 ch, | 37 ch, | 64 ch 64 ch 37 ch, |64 ch,1| 64 ch 64 ch
Total timer 1/0®) eMIOS ' ' : ’ : ' .’ ’ ’

16-bit | 16-bit | 16-bit | 16-bit | 16-bit | 16-bit 6-bit 16-bit 16-bit
Counter / OPWM / ICOC® 10 ch
O()PWM / OPWFMB / 7 ¢ch
oPwMCB / Icoc()
o(PWM / IcOC® 7ch | 14ch | 7ch | 14ch | 14ch | 7ch | 14ch | 14ch 14 ch
OPWM /1COC®) 13 ch 33ch | 13ch | 33ch 33 ch 13ch | 33ch | 33ch 33 ch
SCI (LINFlex) 4 8 4 8 10 4 8 10 10
SPI (DSPI) 3 5 3 5 6 3 5 6 6
CAN (FlexCAN) 6
12C 1
32 KHz oscillator Yes
GPIO®O 77 ‘ 121 ‘ 77 ‘ 121 ‘ 149 | 77 ‘ 121 ‘ 149 149
Debug JTAG N2+
LQFP | LQFP | LQFP | LQFP | LQFP | LQFP | LQFP | LQFP (12)

Package 100 | 144 | 100 | 144 | 176 | 100 | 144 | 176 |-BCGA208
1. Feature set dependent on selected peripheral multiplexing; table shows example.
2. Based on 125 °C ambient operating temperature.
3. Not shared with 12-bit ADC, but possibly shared with other alternate functions.
4. Not shared with 10-bit ADC, but possibly shared with other alternate functions.
5. See the eMIOS section of the chip reference manual for information on the channel configuration and functions.
6. Each channel supports a range of modes including Modulus counters, PWM generation, Input Capture, Output Compare.
7. Each channel supports a range of modes including PWM generation with dead time, Input Capture, Output Compare.
8. Each channel supports a range of modes including PWM generation, Input Capture, Output Compare, Period and Pulse

width measurement.

9. Each channel supports a range of modes including PWM generation, Input Capture, and Output Compare.

10. Maximum I/O count based on multiplexing with peripherals.

11. LBGA208 available only as development package for Nexus2+.

2.3 Device block diagram

Figure 2 shows a top-level block diagram of the SPC560B54/6x.

3
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Legend
ADC Analog-to-Digital Converter MC_CGM Clock Generation Module
BAM Boot Assist Module MC_ME  Mode Entry Module
CMU Clock Monitor Unit MC_PCU Power Control Unit
CTU Cross Triggering Unit MC_RGM Reset Generation Module
DSPI Deserial Serial Peripheral Interface MPU Memory Protection Unit
ECSM Error Correction Status Module NMI Non-Maskable Interrupt
eDMA Enhanced Direct Memory Access PIT Periodic Interrupt Timer
eMIOS Enhanced Modular Input Output System RTC Real-Time Clock
Flash Flash memory SIUL System Integration Unit Lite
FlexCAN Controller Area Network SRAM Static Random-Access Memory
FMPLL Frequency-Modulated Phase-Locked Loop SSCM System Status Configuration Module
GPIO General-purpose input/output ST™M System Timer Module
1’c Inter-Integrated Circuit bus SWT Software Watchdog Timer
IMUX Internal Multiplexer VREG Voltage regulator
INTC Interrupt Controller WKPU Wakeup Unit
JTAG JTAG controller XBAR Crossbar switch
LINFlex  Serial Communication Interface (LIN support)
Figure 2. SPC560B54/6x block diagram
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2.4

24.1

2.4.2

3

Feature details

€200z0h core processor

The e200z0h core includes the following features:

High performance, low cost e200z0h core processor for managing peripherals and
interrupts

Single issue 4-stage pipelined in-order execution, 32-bit Power Architecture CPU
Variable length encoding (VLE), allowing mixed 16-bit and 32-bit instructions
— Results in efficient code size footprint

—  Minimizes impact on performance

Branch processing acceleration using lookahead instruction buffer
Load/store unit

—  1-cycle load latency

— Misaligned access support

—  No load-to-use pipeline bubbles

32-bit general purpose registers (GPRs)

Separate instruction bus and load/store bus Harvard architecture

Hardware vectored interrupt support

Reservation instructions for implementing read-modify-write constructs

Multi-cycle divide word (divw) and load multiple word (Imw) store multiple word (smw)
multiple class instructions, can be interrupted to prevent increases in interrupt latency

Extensive system development support through Nexus debug port

Crossbar switch (XBAR)

The following summarizes the SPC560B54/6x’s implementation of the crossbar switch:

3 master ports:

—  CPU instruction bus

— CPU load/store bus

— eDMA

Multiple bus slaves to enable access to flash memory, SRAM and peripherals
Crossbar supports up to 2 consecutive transfers at any one time

32-bit internal address bus, 32-bit internal data bus

Fixed priority arbitration based on port master
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Interrupt Controller (INTC)

The SPC560B54/6x implements an interrupt controller that features the following:

Unique 9-bit vector for each of the 231 separate interrupt sources
8 software triggerable interrupt sources

16 priority levels with fixed hardware arbitration within priority levels for each interrupt
source

Ability to modify the ISR or task priority

External high priority interrupt directly accessing the main core critical interrupt
mechanism

System Integration Unit Lite (SIUL)

The SIUL features the following:

Up to 4 levels of internal pin multiplexing, allowing exceptional flexibility in the
allocation of device functions for each package

Centralized general purpose input output (GPIO) control of up to 149 input/output pins
(package dependent)

All GPIO pins independently configurable to support pull-up, pull down, or no pull
Reading and writing to GPIO supported both as individual pins and 16-bit wide ports

All peripheral pins can be alternatively configured as both general purpose input or
output pins except ADC channels which support alternative configuration as general
purpose inputs, with selected pins able to also support outputs

Direct readback of the pin value supported on all digital output pins through the SIUL

Configurable digital input filter that can be applied to up to 16 general purpose input
pins for noise elimination on external interrupts

Register configuration protected against change with soft lock for temporary guard or
hard lock to prevent modification until next reset

Support for two 32-bit virtual ports via the DSPI serialization

3
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2.4.5 Flash memory

The on-chip flash memory on the SPC560B54/6x features the following:

Up to 1.5 MB burst flash memory
— 4 x128-bit page buffers with programmable prefetch control

—  Typical flash-memory access time: 0 wait-state for buffer hits, 2 wait-states for
page buffer miss at 64 MHz

— Page buffers can be allocated for code-only, fixed partitions of code and data, all
available for any access

—  64-bit ECC with single-bit correction, double-bit detection for data integrity
Censorship protection scheme to prevent flash-memory content visibility
Separate dedicated Data Flash for EEPROM emulation

— 4 erase sectors each containing 16 KB of memory

—  Offers read-while-write functionality from main program space

Small block flash-memory arrangement in main array to support features such as boot
block, operating system block

Hardware managed flash memory writes, erase and verify sequence

Error correction status

—  Configurable error-correcting codes (ECC) reporting for SRAM and flash memory
—  Supports optional reporting of single-bit errors

—  Protected mechanism for reporting of corrected ECC values

—  Error address recorded including Access type and Master

—  Flash-memory ECC reporting registers mirrored into ECSM address space but
data comes from the flash-memory module

—  Flash-memory module can be interrogated to provide ECC bit error location
— Margin read for flash-memory array supported for initial program verification

2.4.6 SRAM
The on-chip SRAM on the SPC560B54/6x features the following:

3

Up to 96 KB general purpose SRAM

Typical SRAM access time: 0 wait-state for reads and 32-bit writes; 1 wait-state for 8-
and 16-bit writes if back to back with a read to same memory block

32-bit ECC with single-bit correction, double-bit detection for data integrity

Supports byte (8-bit), half word (16-bit), and word (32-bit) writes for optimal use of
memory

User transparent ECC encoding and decoding for byte, half word, and word accesses

Separate internal power domain applied to 32 KB SRAM block or 8 KB SRAM block
during STANDBY modes to retain contents during low power mode
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2.4.7 Memory Protection Unit (MPU)
The MPU provides the following features
e  8region descriptors for per-master protection
e  Start and end address defined with 32-byte granularity
e  Overlapping regions supported
e  Protection attributes can optionally include process ID
e Protection offered for 3 concurrent read ports
¢ Read and write attributes for all masters
e  Execute and supervisor/user mode attributes for processor masters
2.4.8 Boot Assist Module (BAM)
The device implements a Boot Assist Module (BAM):
e  Block of read-only memory containing VLE code which is executed according to boot
mode of the device
e Download of code into internal SRAM possible via FlexCAN or LINFlex, after which
code can be executed
2.4.9 Enhanced Modular Input Output System (eMIOS)

The SPC560B54/6x implements a scaled-down version of the eMIOS module:
e Upto 64 timed I/O channels with 16-bit counter resolution

o Buffered updates

e  Support for shifted PWM outputs to minimize occurrence of concurrent edges
e  Supports configurable trigger outputs for ADC conversion for synchronization to

channel output waveforms

e Edge-aligned output pulse width modulation
—  Programmable pulse period and duty cycle

—  Supports 0% and 100% duty cycle
— Shared or independent time bases

e DMA transfer support available

Table 4 shows the supported eMIOS modes.

Table 4. Supported eMIOS channel modes

Mode Channel type
O(l)PWM /
Description Name %)FL’er:/tl\?Ir// OPWFMB /| O(DPWM /| OPWM/
P coc |oPwwmce/| icoc Icoc
ICOC

Double action output compare DAOC X X X —
General purpose input / output GPIO X X X X
Input filter IPF X X X X

Input period measurement IPM X X X —
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Table 4. Supported eMIOS channel modes (continued)

Mode Channel type
O(I)PWM /
Description Name %:Iivngtg// 85&;&%3; O(:)(;DOWCM / O.Fév(\)/g /
ICOC
Input pulse width measurement IPWM X X X —
Modulus counter MC X — — —
Modulus counter buffered (up / down) MCB X X — —
Output pulse width and frequency modulation OPWEMB X . . .
buffered
Output pulse width modulation buffered OPWMB — X X X
Center aligned output PWM buffered with dead time| OPWMCB — X — —
Output pulse width modulation trigger OPWMT X X X X
Pulse edge accumulation PEA X — — —
Pulse edge counting PEC X — — —
Quadrature decode QDEC X — — —
Single action input capture SAIC X X X X
Single action output compare SAOC X X X X

Table 5 shows the maximum eMIOS channel allocation.

Table 5. eMIOS configuration

Maximum number of channels
Channel type Total
eMIOS_0 eMIOS_1
Counter / OPWM / Icoc®) 5 5 10
O()PWM / OPWFMB / OPWMCB / IcOC® 7 0 7
o(hPwM / Icoc® 7 7 14
OPWM / ICOC® 13 20 33

1. Each channel supports a range of modes including Modulus counters, PWM generation, Input Capture,

Output Compare.

2. Each channel supports a range of modes including PWM generation with dead time, Input Capture, Output

Compare.

3. Each channel supports a range of modes including PWM generation, Input Capture, Output Compare,

Period and Pulse width measurement.

4. Each channel supports a range of modes including PWM generation, Input Capture, Output Compare.

3

DocID15700 Rev 10

65/1044




Introduction RMO0037

2.4.10 Deserial Serial Peripheral Interface Module (DSPI)

The DSPI features the following:

e Upto 6 DSPI modules supported

e  Full duplex, synchronous transfers

e  Master or slave operation

e  Programmable master bit rates

e  Programmable clock polarity and phase

e  End-of-transmission interrupt flag

e  Programmable transfer baud rate

e  Programmable data frames from 4 to 16 bits

e Up to 6 chip select lines available, depending on package and pin multiplexing, to
enable 64 external devices to be selected using external muxing from a single DSPI

e Up to 8 transfer types, independently configurable for each DSPI using the clock and
transfer attributes registers

e  Chip select strobe available as alternate function on one of the chip select pins for
deglitching

e  FIFOs for buffering up to 4 transfers on the transmit and receive side

e  General purpose I/O functionality on pins when not used for SPI

e  Queueing operation possible through use of eDMA

e  32-bit serialization of data enabling virtual GPIO ports on 2 DSPI modules

3
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3

Controller Area Network module (FlexCAN)

The enhanced FlexCAN module features the following:

Up to 6 FlexCAN modules supported

Compliant with CAN protocol specification, version 2.0B active

64 mailboxes per FlexCAN module

— Mailboxes configurable while module remains synchronized to CAN bus
— Each mailbox configurable as transmit or receive

Transmit features

—  Supports configuration of multiple mailboxes to form message queues of scalable
depth

— Arbitration scheme according to message ID or message buffer number
— Internal arbitration to guarantee no inner or outer priority inversion

—  Transmit abort procedure and notification

Receive features

— Individual programmable filters for each mailbox

— 8 mailboxes configurable as a 6-entry receive FIFO

— 8 programmable acceptance filters for receive FIFO

Programmable clock source

—  System clock

—  Direct oscillator clock to avoid PLL jitter

Listen-only mode capabilities

CAN sampler available for connection to one of available CAN module pads
—  Supports capturing of first message identifier while in STOP or STANDBY modes
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2.4.13
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System clocks and clock generation

The following list summarizes the system clock and clock generation on the SPC560B54/6x:

System clock can be derived from the following sources

—  External crystal oscillator

— FMPLL

— 16 MHz fast internal RC oscillator

Programmable output clock divider of system clock (<1, +2, +4)

Separate programmable peripheral bus clock divider ratio (=1, +2, +4) applied to
system clock

Frequency modulated phase-locked loop (FMPLL)
— Input clock frequency from 4 MHz to 16 MHz
—  Clock source: external oscillator
—  Lock detect circuitry continuously monitors lock status
—  Loss of clock (LOC) detection for reference and feedback clocks
—  On-chip loop filter
Improves electromagnetic interference performance
Reduces number of external components required
On-chip fast external crystal oscillator supporting 4 MHz to 16 MHz
Dedicated 16 MHz fast internal RC oscillator
— Used as default clock source out of reset
—  Provides clock for rapid startup from low power modes
—  Provides back-up clock in the event of FMPLL or external oscillator clock failure
—  Offers independent clock source for the watchdog timer
— 5% accuracy over the operating temperature range
—  Trimming registers to support frequency adjustment with in-application calibration

Dedicated 128 kHz slow internal RC oscillator for low power mode operation and self
wakeup

—  10% accuracy
—  Trimming registers to support improve accuracy with in-application calibration
32 KHz slow external crystal oscillator for low power real-time clock

System timers

The system timers include:

Periodic Interrupt Timer (PIT) timers (including ADC trigger)
1 Real-Time Counter (RTC) timer

The PIT is an array of timers that can be used to raise interrupts, trigger CTU channels, and
ADC conversions. The RTC supports wakeup from low power modes or real-time clock
generation.

3
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2.4.13.2

2.4.14

3

Periodic Interrupt Timer module (PIT)

The PIT features the following:

8 general purpose interrupt timers

Up to 2 interrupt timers for triggering ADC injected conversions (one for 10-bit ADC,
one for 12-bit ADC)

Up to 4 interrupt timers for triggering DMA transfers
Up to 2 interrupt timers for triggering CTU

32-bit counter resolution

Clocked by system clock frequency

Real-Time Counter (RTC)
The RTC features the following:

Configurable resolution for different timeout periods

— 1 sec resolution for > 1 hour period

— 1 ms resolution for 2 second period

Selectable clock sources

— 32 KHz slow external crystal oscillator

— 128 kHz slow internal RC oscillator

— Divided 16 MHz fast internal RC oscillator

Supports continued operation through all resets except POR (power-on reset)

System watchdog timer

The watchdog on the SPC560B54/6x features the following:

Activation by software or out of reset

32-bit modulus counter

Clock source: robust 128 kHz slow internal RC oscillator (divisible by 1 to 32)
Supports normal or windowed mode

Configurable response on timeout: reset, interrupt, or interrupt followed by reset
Reset by writing a software key to memory mapped register

Support for protected access to watchdog control registers with optional soft and hard
locks

—  Soft lock allows temporary locking of configuration
— Once enabled, hard lock prevents any changes until after a reset
Supports halting during low power modes
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Inter-Integrated Circuit (1°C) module

The 12C module features the following:

1 1°C module supported

2-wire bidirectional serial bus for on-board communications
Compatibility with 1°C bus standard

Multimaster operation

Software-programmable for one of 256 different serial clock frequencies
Software-selectable acknowledge bit

Interrupt-driven, byte-by-byte data transfer

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

Start and stop signal generation/detection

Repeated START signal generation

Acknowledge bit generation/detection

Bus-busy detection

On-chip voltage regulator (VREG)

The on-chip voltage regulator includes the following features:

Optional support for internal and external ballast resistor based on power consumption
Regulates 3.3 or 5V +10% input to generate all internal supplies for internal control
Manages power gating

Low power regulators support operation when in STOP and STANDBY modes to
minimize power consumption

Fast startup on-chip regulators for rapid exit from low power modes
Low voltage reset supported on all internal supplies

3
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3

Analog-to-Digital Converter (ADC)

The ADC features the following:

2 ADC modules, one 10-bit resolution and one 12-bit resolution supporting
synchronous conversions on channels

0-Vpp common mode conversion range
Independent reference supplies for each ADC
Conversions times of < 1 us available

Up to 53 single ended inputs channels, expandable to 81 channels with external
multiplexers

Up to 19 shared channels, among which, 16 called ANP are mapped on dedicated
pins, not multiplexed with any other functionality, in order to improve the accuracy. All
other channels, called ANS or ANX are multiplexed with other functionalities.

— Upto 19 channels shared between 10-bit and 12-bit ADCs

— Upto 5 dedicated 12-bit ADC channels

— Upto 29 dedicated 10-bit ADC channels

Externally multiplexed channels

— Internal control to support generation of external analog multiplexor selection

— 4internal channels optionally used to support externally multiplex inputs, providing
transparent control for additional ADC channels

—  Each of the 3 channels supports up to 8 externally muxed inputs

— Individual dedicated result register also available for externally muxed conversion
channels

— 3 independently configurable sample and conversion times for high occurrence
channels, internally muxed channels and externally muxed channels

Configurable right-aligned or left-aligned result formats
Support for one-shot, scan and injection conversion modes
Independently configurable parameters for channels:

—  Offset refresh

—  Sampling

Conversion triggering support

— Internal conversion triggering from periodic interrupt timer (PIT) or timed 1/O
module (eMIOS) through cross triggering unit (CTU)

— Internal conversion triggering from periodic interrupt timer (PIT)
— 1 input pin configurable as external conversion trigger source

Up to 6 configurable analog comparator channels offering range comparison with
triggered alarm

—  Greater than

— Lessthan

— Outof range

All unused analog pins available as general purpose input pins

Unused 10-bit ADC analog pins, with the exception of the 19 dedicated high accuracy
channels, available as general purpose output pins

Power-down mode
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Supports DMA transfer of results based on end of conversion chain or each conversion
Separate dedicated DMA request for injection mode

2.4.18 Enhanced Direct Memory Access controller (eDMA)

The following summarizes the SPC560B54/6x’s implementation of the eDMA controller:

16 channels to support independent 8-, 16-, or 32-bit single value or block transfers
Support of variable sized queues and circular queues

Source and destination address registers independently configured to post-increment
or remain constant

Each transfer initiated by peripheral, CPU, periodic timer interrupt or eDMA channel
request

Peripheral DMA request sources possible from SPIs, 12C, 10-hit ADC, 12-bit ADC,
eMIOS and GPIOs

Each eDMA channel able to optionally send interrupt request to CPU on completion of
single value or block transfer

DMA transfers possible between system memories and all accessible memory mapped
locations including peripheral and registers

Programmable DMA Channel Mux allows assignment of any DMA source to any
available DMA channel with total of up to 64 potential request sources

2.4.19 Cross Trigger Unit (CTU)

The CTU enables the synchronization of ADC conversions with a timer event. Its key
features are:

72/1044

Single cycle delayed trigger output trigged by up to 64 input flags/events connected to
different timers in the system

Triggers ADC conversions from any eMIOS channel
Triggers ADC conversions from up to 2 dedicated PITs
Maskable interrupt generation whenever a trigger output is generated

1 event configuration register dedicated to each timer event allows to define the
corresponding ADC channel

Acknowledgment signal to eMIOS/PIT for clearing the flag
Synchronization with ADC to avoid collision

3
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3

Serial communication interface module (LINFlex)
The LINFlex on the SPC560B54/6x features the following:

Up to 10 LINFlex modules supported

Supports LIN master mode, LIN slave mode and UART mode
DMA connected on LINFlex_0 and LINFlex_1

LINFlex_0 supporting LIN master and slave mode; LINFlex_1 to LINFlex_9 modules
supporting LIN master mode

LIN state machine compliant to LIN 1.3, 2.0 and 2.1 specifications
Handles LIN frame transmission and reception without CPU intervention

LIN features
Autonomous LIN frame handling

Message buffer to store identified and up to 8 data bytes
Supports message length of up to 64 bytes

Detection and flagging of LIN errors

Classic or extended checksum calculation
Configurable break duration of up to 36-bit times
Programmable baud rate prescalers (13-bit mantissa, 4-bit fractional)

Sync field

Delimiter

ID parity

Bit, framing

Checksum and timeout errors

Diagnostic features

Interrupt driven operation with 16 interrupt sources

Loop back
Self Test
LIN bus stuck dominant detection

LIN slave mode features
Autonomous LIN header handling
Autonomous LIN response handling

16 identifiers filters for discarding irrelevant LIN frames

UART mode
Full-duplex operation

Standard non return-to-zero (NRZ) mark/space format
Data buffers with 4-bytes receive, 4-bytes transmit
Configurable word length (8-bit or 9-bit words)

Error detection and flagging

Interrupt driven operation with 4 interrupt sources
Separate transmitter and receiver CPU interrupt sources
16-bit programmable baud rate modulus counter and 16-bit fractional

Parity, noise and framing errors

2 receiver wakeup methods
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2.4.22

2.5
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SPC560B54/6x devices include two functionally different LINFlex controller types. These
are distinguished in the documentation by the abbreviations “LINFlex” and “LINFlexD”. The
latter name represents the DMA support available on this controller type. The
SPC560B54/6x devices combine these two types to provide up to 10 modules supporting
the LINFlex protocol. Table 6 shows the module (instance) numbers and the corresponding
functional controller type.

Table 6. LINFlex numbering and naming

Module numbers Module version

Oand 1 LINFlexD

2-9 LINFlex

Nexus Port Controller (NPC)

Nexus features the following:
e According to IEEE-ISTO 5001-2003
e Nexus 2+ features supported
—  Static debug
—  Watchpoint messaging
—  Ownership trace messaging
—  Program trace messaging
— Real-time read/write of any internally memory mapped resources through JTAG
pins
— Overrun control, which selects whether to stall before Nexus overruns or keep
executing and allow overwrite of information
—  Watchpoint triggering, watchpoint triggers program tracing
e  Configured via the IEEE 1149.1 (JTAG) port
e Nexus auxiliary port supported on LBGA208 packages

JTAG Controller (JTAGC)

JTAG features the following:
e JTAG low pin count interface (IEEE 1149.1) test access port (TAP) interface

e  Backward compatible to standard JTAG IEEE 1149.1-2001 test access port (TAP)
interface

e  Supports boundary scan testing
e All JTAG pins reusable in application as standard 10s

Developer support

The SPC560B54/6x MCU family uses tools and third-party developers which offer a
widespread, established network of tool and software vendors. It also features a high-
performance Nexus debug interface.

3
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The following development support will be available:

e  Automotive evaluation boards (EVB) featuring CAN, LIN interfaces, and more
e  Compilers

e Debuggers

e JTAG and Nexus interfaces

The following software support will be available:

e  OSEK solutions will be available from multiple third parties
e CAN and LIN drivers

e AutoSAR package

3
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3 Memory Map

Table 7 shows the memory map for the SPC560B54/6x. All addresses on the device,
including those that are reserved, are identified in the table. The addresses represent the
physical addresses assigned to each IP block.

Table 7. SPC560B54/6x memory map

Start address

End address

Size (KB)

Region name

0x0000_0000

0x0000_7FFF

32

Code flash memory array 0

0x0000_8000

0x0000_BFFF

16

Code flash memory array 0

0x0000_C000

0x0000_FFFF

16

Code flash memory array 0

0x0001_0000

0x0001_7FFF

32

Code flash memory array 0

0x0001_8000

0x0001_FFFF

32

Code flash memory array 0

0x0002_0000

0x0003_FFFF

128

Code flash memory array 0

0x0004_0000

0x0005_FFFF

128

Code flash memory array 0

0x0006_0000

0x0007_FFFF

128

Code flash memory array 0

0x0008_0000

0x0009_FFFF

128

Code flash memory array 1

0x000A_0000

0x000B_FFFF

128

Code flash memory array 1

0x000C_0000

0x000D_FFFF

128

Code flash memory array 1

0x000E_0000

Ox000F FFFF

128

Code flash memory array 1

0x0010_0000

0x0011_FFFF

128

Code flash memory array 2

0x0012_0000

0x0013_FFFF

128

Code flash memory array 2

0x0014_0000

0x0015_FFFF

128

Code flash memory array 2

0x0016_0000

0x0017_FFFF

128

Code flash memory array 2

0x0018_0000

OX001F FFFF

512

Reserved

0x0020_0000

0x0020_3FFF

16

Flash memory shadow array

0x0020_4000

0x003F_FFFF

2032

Reserved

0x0040_0000

0x0040_3FFF

16

Code flash memory array 0 test sector

0x0040_4000

0x007F_FFFF

4080

Reserved

0x0080_0000

0x0080_3FFF

16

Data flash memory array 0

0x0080_4000

0x0080_7FFF

16

Data flash memory array 0

0x0080_8000

0x0080_BFFF

16

Data flash memory array 0

0x0080_C000

0x0080_FFFF

16

Data flash memory array 0

0x0081__0000

O0x00BF_FFFF

4032

Reserved

0x00C0_0000

0x00CO_3FFF

16

Data flash memory array O test sector

0x00C0_4000

O0X00FF_FFFF

4080

Reserved

0x0100_0000

OXLFFF_FFFF

507904

Flash memory emulation mapping

0x2000_0000

OX3FFF_FFFF

524288

Reserved
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Table 7. SPC560B54/6x memory map (continued)

Start address End address Size (KB) Region name
0x4000_0000 0x4001_7FFF 96 SRAM
0x4001_8000 OxBFFF_FFFF 2097120 Reserved
Off-platform peripherals
0xC000_0000 OxC3F8_T7FFF 65056 Reserved
0xC3F8_8000 0xC3F8_BFFF 16 Code flash memory A configuration
0xC3F8_C000 OxC3F8_FFFF 16 Data flash memory A configuration
0xC3F9_0000 O0xC3F9_3FFF 16 SIUL
0xC3F9_4000 OxC3F9_T7FFF 16 WKPU
0xC3F9_8000 O0xC3F9_FFFF 32 Reserved
OxC3FA_0000 OxC3FA_3FFF 16 eMIOS_0
OxC3FA_4000 OxC3FA_7FFF 16 eMIOS_1
OxC3FA_8000 OXC3FD_7FFF 192 Reserved
0xC3FD_8000 OxC3FD_BFFF 16 SSCM
0xC3FD_CO000 OxC3FD_FFFF 16 MC_ME
OxC3FE_0000 OxC3FE_3FFF 16 MC_CGM
OxC3FE_4000 OxC3FE_7FFF 16 MC_RGM
OxC3FE_8000 OxC3FE_BFFF 16 MC_PCU
0xC3FE_C000 OxXC3FE_FFFF 16 RTC/API
0xC3FF_0000 OXC3FF_3FFF 16 PIT
OxC3FF_4000 OxFFDF_FFFF 981040 Reserved
OxFFEO_0000 OxFFEO_3FFF 16 ADC_0
OxFFEO_4000 OxXFFEO_7FFF 16 ADC_1
OxFFEO_8000 OxFFE2_FFFF 160 Reserved
OxFFE3_0000 OxFFE3_3FFF 16 12C_0
OxFFE3_4000 OXFFE3_FFFF 48 Reserved
OxFFE4_0000 OxFFE4_3FFF 16 LINFlex_0
OxFFE4_4000 OxFFE4_7FFF 16 LINFlex_1
OxFFE4_8000 OxFFE4_BFFF 16 LINFlex_2
OxFFE4_C000 OxFFE4_FFFF 16 LINFlex_3
OXFFE5_0000 OXFFE5_3FFF 16 LINFlex_4
OxFFE5_4000 OXFFES5_7FFF 16 LINFlex_5
OxFFE5_8000 OxFFES5_BFFF 16 LINFlex_6
OxFFES5_CO000 OxFFES5_FFFF 16 LINFlex_7
OxFFE6_0000 OxFFE6_3FFF 16 Reserved
OxFFE6_4000 OXFFE6_7FFF 16 CTU
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Table 7. SPC560B54/6x memory map (continued)

Start address End address Size (KB) Region name
OXFFE6_8000 OXFFE6_FFFF 32 Reserved
OXFFE7_0000 OXFFE7_3FFF 16 CAN sampler
OXFFE7_4000 OXFFE7_FFFF 48 Reserved
OXFFES_0000 OXFFEF_FFFF 512 g")('ggfg;ﬁgge Ox3F80000
OxFFFO0_0000 OXFFFO_FFFF 64 Reserved
OXFFF1_0000 OXFFF1_3FFF 16 MPU
OXFFF1_4000 OXFFF3_7FFF 144 Reserved
OXFFF3_8000 OXFFF3_BFFF 16 SWT
OXFFF3_C000 OXFFF3_FFFF 16 STM
OXFFF4_0000 OXFFF4_3FFF 16 ECSM
OXFFF4_4000 OXFFF4_7FFF 16 eDMA
OXFFF4_8000 OXFFF4_BFFF 16 INTC
OXFFF4_C000 OXFFF8_FFFF 272 Reserved
OXFFF9_0000 OXFFF9_3FFF 16 DSPI_0
OXFFF9_4000 OXFFF9_7FFF 16 DSPI_1
OXFFF9_8000 OXFFF9_BFFF 16 DSPI_2
OXFFF9_C000 OXFFF9_FFFF 16 DSPI_3
OXFFFA_0000 OXFFFA_3FFF 16 DSPI_4
OXFFFA_4000 OXFFFA_7FFF 16 DSPI_5
OXFFFA_8000 OXFFFA_FFFF 32 Reserved
OXFFFB_0000 OXFFFB_3FFF 16 LINFlex_8
OXFFFB_4000 OXFFFB_7FFF 16 LINFlex_9
OXFFFB_8000 OXFFFB_FFFF 32 Reserved
OXFFFC_0000 OXFFFC_3FFF 16 FlexCAN_0
OXFFFC_4000 OXFFFC_7FFF 16 FlexCAN_1
OXFFFC_8000 OXFFFC_BFFF 16 FlexCAN_2
OXFFFC_C000 | OXFFFC_FFFF 16 FlexCAN_3
OXFFFD_0000 OXFFFD_3FFF 16 FlexCAN_4
OXFFFD_4000 OXFFFD_7FFF 16 FlexCAN_5
OXFFFD_8000 OXFFFD_BFFF 16 Reserved
OXFFFD_C000 | OxFFFD_FFFF 16 DMA_MUX
OXFFFE_0000 OXFFFF_BFFF 144 Reserved
OXFFFF_C000 OXFFFF_FFFF 16 BAM
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4.1

3

Signal description

Package pinouts

Figure 3, Figure 4, Figure 5, and Figure 6 show the location of the signals on the packages

that this chip is available in.

For more information on pin multiplexing on this chip, see Table 8 through Table 11.
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Figure 3. 100-pin LQFP pinout
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Figure 4. 144-pin LQFP pinout
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pcro] o 2 132 [APA[L1]
pcl14] d 3 131 [APA[10]
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PJ4] O 5 129 [APA[8]
VvDD_HV ] 6 128 [PA[7]
VSS_HV O 7 127 PPE[13]
PH[15] ] 8 126 [IPF[14]
PH[13] ] 9 125 [FPF[15]
PH[14] ] 10 124 [QVDD_HV
PI[6] O 11 123 [AVSS_HV
PI[7] ] 12 122 FPG[0]
PG[5] O 13 121 [PG[1]
PG[4] ] 14 120 FPH[3]
PG[3] O 15 119 EPH[2]
PG[2] O 16 118 PPH[1]
PA[2] O 17 117 FPH[0]
PE[0] ] 18 116 [APG[12]
PA[1] O 19 115 [APG[13]
PE[1] O 20 114 [PA[3]
G 1 P2
PE[9] O 22
PE[10] O 23 LQFP176 111 [PI[11]
PA[0] O] 24 ) 110 [@PI[10]
PE[11] ] 25 TOp view 109 [3PI[9]
VSS_HV [ 26 108 [PI[8]
VvDD_HV O] 27 107 [@PBJ[15]
vss HV ] 28 106 [OPD[15]
RESET ] 29 105 [IPB[14]
vss_LV ] 30 104 [PD[14]
VvDD_LV ] 31 103 [@PBJ[13]
VDD_BV [ 32 102 [PD[13]
PG[9] O] 33 101 [APB[12]
PG[8] ] 34 100 [@PD[12]
PC[11] ] 35 99 [AVDD_HV_ADC1
PC[10] 36 98 IVSS_HV_ADC1
PG[7] O] 37 97 pIPBILL]
PG[6] ] 38 96 [QPD[11]
PB[0] ] 39 95 [PD[10]
PB[1] O 40 94 [BPD[9]
PF[9] O] 41 93 [PB[7]
PF[8] O] 42 92 ﬂigg
PF[12] O 91 B
P([Z[ﬁ} = ﬁ 90 [5VDD_Hv_ADCO
89 HVSS_Hv_ADCO
LOMNODOATNMTOLONVDO AN ML ONMNODNDOANNTUOHON~NODODOAANMS OO0
ITTTTTOOOOOOLOOOOINOOOOOOOWOWWOWWOMNMNPMNSPMNSPMNSPMSDNSDNSRNSDOC C 0 00 0 0
g oooot
NS Ny YNNI 317272000 0NnTBONGNAONITOINOID N2 2 0N
SRl Rl F Ay T e A T TR TR TR TR TR TR TR R R Rt N o Wa NalaNaYaNaVa Rbatal)
ALl Lo <IN XpXaoaoalaooooaoaooaodoooggaaaaoocaoaoaonnaon
[N s Ry a MY a W o [a N g (Q 2 w Ia) o g
>

3

Figure 5. 176-pin LQFP pinout
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
A | Pc8] | Pci13] | PH1S] | P34l | PHE] | PHI4] | Pcls) | Pclo] | POl | P | PC2] | P4l | PE[S] | PHI1] | NC NG | A
B | pclo] | PB[2] | PHI3] | PCl12] | PE[6] | PH[S] | PCl4] | PHS] | PH10] | P2l | PC[3] | PG[1] | PG15] | PG[14] | PA[1] | PA[10] | B
C | pcu4 VD\[/’—H PBI3] | PE[7] | PHI7l | PE[) | PE@] |vss_Lv| pcy | Pisl | PAl] | Pis) | PE[4] | PER2) | PAl | Pagl | C
D | PHE4] | Pis] | Pcias) | Pi7l | PHE] | PEM] | PE[) VD\[/’—" VDS—H NC PAS] | PH12] | PG[10] | PF[14] | PE[3] | PA[7] | D
E| Pol | Pos | Pe@l | Pop polt] | polo] | prus] | VPO | E
F| peo] | pary | Pam | PEM PHIO] | PHI1] | PH3] | PHR2I | F
G | pew@ | Pem | Peo] | Paf) VS\S/ H VS\S/ H VS\S/—H VS\S/ H VD\[/’—H PI[12) | PI3] | MSEO | G
H | vss_nv | pemy | YD | e VSSH | VSSH | VSSH | VSS H MDO3 | MDO2 | MDOO | MDOL | H
J | rReseT |vss_v| Ne NC VSSH | VSSH | VSSH | VSS H gl | PiIol | Piol | Pty | J
VDD_B VDD_L VSS_H VSS_H VSS_H VSS_H VDD_H
K| evn NC D D o o S o VLADC | Peliz] | PAR] | PeU3) | K
L| pol | Peiel | NG | EVTO PB[15] | PD[5] | PD[4] | PBl14] | L
M| pe | Pl | Popo] | Poa) PB[13] | PD13] | PD[2] | PB[12] | M
N | PB[ PFl9] | PB[O] VD\E}H PJ[0] PA[4] |VSS_LV | EXTAL VD\E;fH PFlO] | PF4] f;ag PB[11] | PD[O] | PD[O] | POy | N
P | PFHel PIB] | PCrl | PIl | PILl | PALL4] VD\[/’—" XTAL | PB[10] | PF[L] | PF[5] | PD[O] | PD[3] @Eﬁ? PB6] | PB7] | P
R | ez | pcrs) | Proj | PRy | YOO | pans] | Pang) | P4 | xTasz | PR | PRI | PDI2) | PDM4) | PO[T] ¥f§5§ PBiS] | R
T| N NC NG | mcko | NG | PFn3 | Panz | Pins) | FXAN | pRiz) | PRe] | PO | PDIs) | POl | POl | PBlA) | T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

NOTE: The LBGA208 is available only as development package for Nexus 2+.

Figure 6. 208-pin BGA pinout

4.2 Pad configuration during reset phases

All pads have a fixed configuration under reset.

During the power-up phase, all pads are forced to tristate.
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4.3

4.4

After power-up phase, all pads are tristate with the following exceptions:

PA[9] (FAB) is pull-down. Without external strong pull-up the device starts fetching from
flash.

PA[8], PC[0] and PH[9:10] are in input weak pull-up when out of reset.

RESET pad is driven low by the device till 40 FIRC clock cycles after phase2
completion. Minimum phase3 duration is 40 FIRC cycles.

Nexus output pads (MDOI[n], MCKO, EVTO, MSEOQO) are forced to output.

Pad configuration during standby mode exit

Pad configuration (input buffer enable, pull enable) for low power wakeup pads are
controlled by both SIUL and WKPU modules. During standby exit, all low power pads
PA[0,1,2,4,15], PB[1,3,8,9,10]®, PC[7,9,11], PD[0,1], PE[0,9,11], PF[9,11,13]®),
PG[3,5,7,9]®, PI[1,3]© are configured according to their respective configuration done in
WKPU module. All other pads will have the same configuration as expected after a reset.

The TDO pad has been moved into the STANDBY domain in order to allow low-power
debug handshaking in STANDBY mode. However, no pull-resistor is active on the TDO pad
while in STANDBY mode. At this time the pad is configured as an input. When no debugger
is connected the TDO pad is floating causing additional current consumption.

To avoid the extra consumption TDO must be connected. An external pull-up resistor in the
range of 47-100 kOhms should be added between the TDO pin and VDD. Only in case the
TDO pin is used as application pin and a pull-up cannot be used then a pull-down resistor
with the same value should be used between TDO pin and GND instead.

Voltage supply pins

Voltage supply pins are used to provide power to the device. Three dedicated pins are used
for 1.2 V regulator stabilization.

Table 8. Voltage supply pin descriptions

Port pin

Pin number
Function

LQFP100 | LQFP144 | LQFP176 | LBGA208

VDD_HV

C2, D9, E16,
G13, H3, N4,
N9, R5

19, 51, 100,
123

6, 27,59, 85,

Digital supply voltage 124, 151

15, 37,70, 84

VSS_HV

G7, G8, G9,
G10, H7, H8,
H9, H10, J7,
Jg, J9, J10,
K7, K8, K9,
K10

14, 16, 35,
69, 83

18, 20, 49,
99, 122

7,26, 28,57,

Digital ground 86, 123, 150

3

a. PBJ8, 9] ports have wakeup functionality in all modes except STANDBY.
b. PF[9,11,13],PG[3,5,7,9], PI[1,3] are not available in the 100 pin package.

c. PI[1,3] are not available in the 144 pin package.
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Table 8. Voltage supply pin descriptions (continued)

Pin number
Port pin Function

LQFP100 LQFP144 LQFP176 LBGA208

1.2 V decoupling pins. Decoupling
capacitor must be connected
between these pins and the nearest
Vss v pin.&

1.2 V decoupling pins. Decoupling
capacitor must be connected
between these pins and the nearest
Vpp,_ v pin.&

VDD_BV Internal regulator supply voltage 20 24 32 K3

VDD_LV 19,32,85| 23,46, 124| 31, 54,152 D8, K4, P7

VSS_LV 18,33,86| 22,47,125| 30,55, 153 C8, J2, N7

Reference ground and analog
VSS_HV_ADCO | ground for the A/D converter 0 (10 51 73 89 R15
bit)

Reference voltage and analog
VDD_HV_ADCO | supply for the A/D converter 0 (10 52 74 90 P14
bit)

Reference ground and analog
VSS_HV_ADCL1 | ground for the A/D converter 1 (12 59 81 98 N12
bit)

Reference voltage and analog
VDD_HV_ADCL1 | supply for the A/D converter 1 (12- 60 82 99 K13
bit)

1. A decoupling capacitor must be placed between each of the three VDD_LV/VSS_LV supply pairs to ensure stable voltage
(see the recommended operating conditions in the device datasheet).

4.5 Pad types

In the device the following types of pads are available for system pins and functional port
pins:

S = Slow(@

M = Medium(@ ©)

F = Fast@® ©)

| = Input only with analog feature(®

J = Input/Output with analog feature

X = Oscillator

d. See the I/O pad electrical characteristics in the chip datasheet for details.

e. All medium and fast pads are in slow configuration by default at reset and can be configured as fast or medium.
The only exception is PC[1] which is in medium configuration by default (see the PCR.SRC description in the
chip reference manual, Pad Configuration Registers (PCRO—PCR148)).
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4.6 System pins

The system pins are listed in Table 9.

Table 9. System pin descriptions

Pin number
Port pin Function /o Pad RESET
P direction| type config. LQFP | LQFP | LQFP | LBGA
100 | 144 | 176 | 208
Input weak
Bidirectional reset with Schmitt- pull-up after
RESET |Trigger characteristics and noise I/0 M |RGMPHASE2| 17 21 29 J1
filter. and 40 FIRC
cycles
Analog output of the oscillator
amplifier circuit, when the oscillator
EXTAL [S NOtin bypass mode. 1o} X Tristate 36 50 58 N8
Analog input for the clock generator
when the oscillator is in bypass
mode.
Analog input of the oscillator
XTAL amplifier c,rcunt.. Needs to be | X Tristate 34 48 56 P8
grounded if oscillator bypass mode
is used.

1. LBGAZ208 available only as development package for Nexus2+

4.7 Functional port pins

The functional port pins are listed in Table 10.

Table 10. Functional port pin descriptions

Pin number
© 8 ) &
— [E_H
Port PCR ?&fé?i?ne Function 2 O'S *% 2
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 = |2 |® 8| 100 | 144 | 176 | 208"
©
Port A
AFO GPIO[0] SIUL /0
AF1 EOUCI0] eMIOS 0| I/O
PA[O] | PCR[0] | AF2 CLKOUT |MC_CGM| O M [Tristate| 12 16 24 | G4
AF3 EOUC[13] |eMIOS 0| 1O
— WKPU[19]® | WKPU [

3
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
— [E———h
Port PCR ?Lljtrfg?ii;e Function = O'S g 02
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[1] SIUL /0
AF1 EOUC[1] eMIOS_0| 1/0
PA[l] | PCR[1] | AF2 NMmI©) WKPU [ S |Tristate| 7 1 19 F3
AF3 — — —
— WKPU[2]® | WKPU [
AFO GPIO[2] SIUL /0
AF1 EOUC[2] eMIOS 0| 1/0
PA[2] | PCR[2] | AF2 — — — | S [Tristate| 5 9 17 F2
AF3 MA[2] ADC_0 o)
— WKPU[3]® | WKPU [
AFO GPIO[3] SIUL /0
AF1 EOUC[3] eMIOS_ 0| /0
AF2 LINSTX LINFlex 5| O
PA[3 PCR[3 - J |Tristate] 68 | 90 | 114 | K15
[3] Bl ars csa 1 DSPL1 | © nstate
— EIRQ[O] SIUL [
— ADC1_S[0] | ADC 1 [
AFO GPIO[4] SIUL /0
AF1 EOUC[4] eMIOS 0| /0
PA[4] | PCR[4] AF2 N n | s |mistate] 29 43 51 N6
AF3 CS0_1 DSPI_1 | IO
— LINSRX  [LINFlex 5| |
— WKPU[9]®) WKPU [
AFO GPIO[5] SIUL /0
AF1 EOUC[5] eMIOS_0| 1/0 .
PA[5] | PCR[5] M [Tristate] 79 | 118 | 146 | C11
AF2 LINATX LINFlex 4| O
AF3 — — —
AFO GPIO[6] SIUL /0
AF1 EOUCI6] eMIOS 0| 1/0
PA6] | PCR[6] AF2 - o ~ | s |mistate| 80 | 119 | 147 | D11
AF3 cs1 1 DSPI_1 o)
— EIRQ[1] SIUL [
— LINARX  [LINFlex_4| |
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
— [E———h
Port PCR ?Lljtrfg?ii;e Function = O'S g 02
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[7] SIUL /0
AF1 EOUC[T7] eMIOS_0| /0
AF2 LIN3TX LINFlex 3| O
PAT] | PCRIT] | o - J |Tristate| 71 | 104 | 128 | D16
— EIRQ[2] SIUL [
— ADC1 S[1] | ADC_1 [
AFO GPIO[8] SIUL /0
AF1 EOUC[8] eMIOS_ 0| 1/0
AF2 EOUC[14] |eMIOS O| 1O Input,
PA[B] | PCR[8] | AF3 — — — | s |weak| 72 | 105 | 129 | C16
— EIRQ[3] SIUL I pull-up
N/A() ABS[0] BAM [
— LIN3RX LINFlex 3| |
AFO GPIO[9] SIUL /0
AF1 EOUC[9] eMIOS_ 0| 1/0 ol
PA[9] | PCR[9] | AF2 — — — |s do‘:N;] 73 | 106 | 130 | C15
AF3 cs2 1 DSPI_1 o
N/A®) FAB BAM [
AFO GPIO[10] SIUL /0
AF1 EOUC[10] |eMIOS 0| 1/O
PA[10] | PCR[10] | AF2 SDA 1’c_0 /O | J [Tristate| 74 | 107 | 131 | B16
AF3 LIN2TX LINFlex 2| O
— ADC1 S[2] | ADC_1 [
AFO GPIO[11] SIUL /0
AF1 EOUC[1l] |eMIOS 0| 1/O
AF2 SCL 1’C_0 110
PA[11] | PCR[11] | AF3 — — — | J |mistate| 75 | 108 | 132 | B15
— EIRQ[16] SIUL [
— LIN2RX LINFlex 2| |
— ADC1_S[3] | ADC_1 [
AFO GPIO[12] SIUL /0
AF1 — — —
AF2 EOUC[28] |eMIOS O| 1O .
PA[12] | PCR[12] S |Tristate| 31 | 45 | 53 | T7
AF3 cs3 1 DSPI_1 o
— EIRQ[17] SIUL [
— SIN_O DSPI_0 [
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
pad [
Port PCR ?Lljtrfé?isze Function = O'S g 02
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[13] SIuL 110
AF1 SOUT_0 DSPI_0 o)
PA[13] | PCR[13 = - M [Tristate| 30 | 44 | 52 | R7
[13] N EOUC[29] |eMIOS 0| 1/O
AF3 — — —
AFO GPIO[14] SIUL /0
AF1 SCK_0 DSPILO | /O
PA[14] | PCR[14] | AF2 CS0_0 DSPILO | /O | M |[Tristate| 28 | 42 | 50 | P6
AF3 EOUC[0] |eMIOS 0| 1/0
— EIRQ[4] SIuL [
AFO GPIO[15] SIuL 110
AF1 CS0_0 DSPILO | 1O
PA[15] | PCR[15]| AF2 SCK_0 DSPILO | /O | M |Tristate| 27 | 40 | 48 | Ré
AF3 EOUC[l] |eMIOS 0| 1/O
— WKPU[10]® | WKPU [
Port B
AFO GPIO[16] | St"‘ /0
AF1 cANoTx | FIXCANLT .
PBI0] PCRJ[16] AF2 EOUCI30 0 /o M |Tristate| 23 31 39 N3
AF3 LINO'[I'X] eMIOS 01~
LINFlex_0
AFO GPIO[17] SIuL /0
AFL - MIgS ol .
AF2 eoucizy | TP o
PB[1] |PCR[17]| AF3 — WK_PU — | S |Tristate| 24 | 32 | 40 | N1
— WKPU[4]®) ey CAN [
— CANORX exg -
- LINORX LINFlex_0 :
AFO GPIO[18] SIuL 110
AF1 LINOTX  |LINFlex 0| ©
PB[2] | PCR[18 . M [Tristate| 100 | 144 | 176 | B2
[2] [18] AF2 SDA 1’C_0 110
AF3 EOUC[30] |eMIOS_ 0| 1/O
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Table 10. Functional port pin descriptions (continued)
Pin number
© 8 ) &
— =<2
Port PCR ?Lljtrfé?ii;e Function = O'S g 02
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 = |ad|®8 | 100 | 144 | 176 |208™
©
AFO GPIO[19] SIUL 110
AF1 EOUC[31] |eMIOS 0| I/O
AF2 SCL 1’C_0 110
PB[3] PCR[19] AF3 - S |Tristate| 1 1 1 C3
— WKPU[11]® | WKPU [
— LINORX LINFlex_0 I
AFO — — —
AF1 — — —
AF2 — — —
PB[4] | PCR[20] | AF3 — — — | [Tristate| 50 72 88 | T16
— ADCO_PJ[0] ADC 0 I
— ADC1_PJ[0] ADC_1 I
— GPIO[20] SIUL I
AFO — — —
AF1 — — —
AF2 — — —
PB[5] | PCR[21] | AF3 — — — | |[Tristate| 53 75 91 | R16
— ADCO_P[1] ADC 0 I
— ADC1_P[1] ADC_1 I
— GPIO[21] SIUL I
AFO — — —
AF1 — — —
AF2 — — —
PB[6] | PCR[22] | AF3 — — — | [Tristate| 54 76 92 | P15
— ADCO_P[2] ADC_0 I
— ADC1_P[2] ADC_1 I
— GPIO[22] SIUL I
AFO — — —
AF1 — — —
AF2 — — —
PB[7] | PCR[23]| AF3 — — — | |[Tristate| 55 77 93 | P16
— ADCO_PJ[3] ADC_0 I
— ADC1_P[3] ADC_1 I
— GPIO[23] SIUL I
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Table 10. Functional port pin descriptions (continued)

Pin number
© o ) &
Port PCR ?Lljtrfg?ii;e Function %’ O'§ g E:E:»
pin register o) = = e o IﬁI:J S LQFP | LQFP | LQFP |LBGA
8 = 3 | 100 | 144 | 176 |208@%
AFO GPIO[24] SIUL |
AF1 T — —
AF2 T — —
Pl |PCRi24]| "T° |oscazk xTAL| ... | 1| — | 39 | 53 | 61 | R9
— 8y OSC32K —
- WKPU[25]®) WKPU I©
- ADCO_SJ[0] ADC_0 :
- ADC1_S[4] ADC_1 !
AFO GPIO[25] SIUL [
AF1 T — —
AF2 T — —
AF3 - — —
PB[9] |PCR[25]| OSC3€(KS)_EXTA oscak | _ | V| — | 3 |52 60| T
= | wkpupe® | WKPU | 1©
- ADCO_SJ[1] ADC_0 !
- ADC1_S[5] ADC_1 :
AFO GPIO[26] SIUL 110
AF1 — — —
AF2 — — —
PB[10] | PCR[26] | AF3 — — — J |Tristate| 40 54 62 P9
— WKPU[8]®) WKPU [
— ADCO_S[2] ADC_0 [
— ADC1_S[6] ADC_1 [
AFO GPIO[27] SIUL 110
AF1 EOUC[3] eMIOS 0| 1/0
PB[11] | PCR[27]| AF2 — — — J |[Tristate| — — 97 | N13
AF3 CS0_0 DSPI_0 110
— ADCO_S[3] ADC_0 [
AFO GPIO[28] SIUL 110
AF1 EOUCI[4] eMIOS_0| 1/0
PB[12] | PCR[28] | AF2 — — — J |[Tristate| 61 83 | 101 | M16
AF3 CS1.0 DSPI_0 o
— ADCO_X[0] ADC_0 [

3
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Table 10. Functional port pin descriptions (continued)
Pin number
© S 1) &
Alternate S c o | ==
Port PCR | inction Function = o2 |2 2
pin register @ = =g |3 |Wc LQFP | LQFP | LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AF0 GPIO[29] SIUL 110
AF1 EOUCI5] eMIOS_ 0| 1/0
PB[13] | PCR[29] | AF2 — — — | J |[Tristate| 63 | 85 | 103 | M13
AF3 CS2.0 DSPI_0 o)
— ADCO_X[1] ADC_0 [
AFO GPIO[30] SIUL 110
AF1 EOUCI6] eMIOS 0| I/0
PB[14] | PCR[30] | AF2 — — — J |Tristate| 65 87 | 105 | L16
AF3 CS3 0 DSPI_0 0
— ADCO_X[2] ADC_0 [
AF0 GPIO[31] SIUL 110
AF1 EOUC[7] |eMIOS 0| 1/0
PB[15] | PCR[31] | AF2 — — — J |Tristate| 67 89 | 107 | L13
AF3 CS4 0 DSPI_0 o)
— ADCO_X[3] ADC_0 [
Port C
AFO GPIO[32] SIUL 110
AF1 _ _ _ Input,
PC[0]19) | PCR[32] M | weak | 87 | 126 | 154 | A8
AF2 TDI JTAGC [
pull-up
AF3 — — —
AFO GPIO[33] SIUL 110
AF1 — — —
PC[1]19 | PCR[33] FAD|Tristate| 82 | 121 | 149 | C9
AF2 TDO JTAGC 0
AF3 — — —
AF0 GPIO[34] Dsfll‘l 110
AF1 SCK_1 SPL 110
FlexCAN_ .
PC[2] | PCR[34]| AF2 CAN4TX 4 0 M |Tristate| 78 | 117 | 145 | All
AF3 DEEIBRUGS[O] SSCM (IJ
o Qe SIUL
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
— [E———h
Port PCR ?Lljtrfg?ii;e Function = O'S g ne
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
SIUL
AFO GPIO[35] DSPI_1 I/O
AF1 CS0_1 ADC_0 I/O
AF2 MA[O] SSCM O
PC[3] | PCR[35]| AF3 DEBUGI1] SIUL o) S |Tristate| 77 | 116 | 144 | B11
— EIRQ[6] FlexCAN_| |
— CAN1RX 1 [
— CAN4RX  |FIexCAN_| |
4
AFO GPIO[36] Msl'cl;; .| o
AF1 Eluczy | S| 1o
AF2 — _ —
SSCM .
PC[4] | PCR[36] | AF3 DEBUG[2] O | M |[Tristate| 92 | 131 | 159 | B7
SIUL
— EIRQ[18] [
— SIN_1 IDSE'—l [
— CAN3RX | FleX 3AN— |
AFO GPIO[37] SS'U" /0
AF1 SOUT 1 DSPI_1 o)
FlexCAN_ .
PC[5] |PCR[37]| AF2 CAN3TX 3 O | M |[Tristate] 91 | 130 | 158 | A7
AF3 DEElBRUG7[3] sscM (lj
o QL] SIUL
AFO GPIO[38] SIUL /0
AF1 LINITX LINFlex 1| ©O .
PC[6] | PCR[38] S |[Tristate| 25 | 36 | 44 | R2
AF2 E1UC[28] |eMIOS_1| 1O
AF3 DEBUG[4] SSCM o)
AFO GPIO[39] SIUL /0
AF1 — — —
AF2 E1UC[29] |eMIOS_1| 1/O .
PC[7] | PCR[39 - S |[Tristate| 26 | 37 | 45 | P3
(7] B9 Ars DEBUG[5] SSCM o)
— LINIRX  [LINFlex_1| |
— WKPU[12]®) | WKPU [
AFO GPIO[40] SIUL /0
AF1 LIN2TX LINFlex 2| ©O .
PC[8] | PCR[40] S |[Tristate| 99 | 143 | 175 | A1l
AF2 EOUC[3] eMIOS 0| 1/0
AF3 DEBUG[6] SSCM o)
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
— [E———h
Port PCR ?Lljtrfg?ii;e Function = O'S g ne
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[41] SIUL /0
AF1 — — —
AF2 EOUC[7] eMIOS_ 0| 1/0 .
PC[9 PCR[41 - S [Tristate| 2 2 2 B1
(o] BT ARs DEBUG(7] SSCM o)
— WKPU[13]®) | WKPU [
— LIN2RX LINFlex 2| |
SIUL
AFO GPIO[42] FlexCcAN_| 1O
AF1 CANITX 1 o) .
PC[10] | PCR[42] M [Tristate| 22 28 | 36 | M3
AF2 CAN4TX  |FlexCAN_| O
AF3 MA[1] 4 0
ADC_0
SIUL
AFO GPIO[43] _ /0
AF1 — _ —
AF2 — ADC_0 —
PC[11] | PCR[43]| AF3 MA[2] WKPU o) S |[Tristate| 21 27 35 | M4
— WKPU[S]® | FlexcAN_| |
— CANI1RX 1 [
— CAN4RX  |FlexCAN_| |
4
AFO GPIO[44] SIUL /0
AF1 EOUC[12] |eMIOS_O| 1O
AF2 — — — .
PC12] | PCRMA4] | . M |Tristate| 97 | 141 | 173 | B4
— EIRQ[19] SIUL [
— SIN_2 DSPI_2 [
AFO GPIO[45] SIUL /0
PC[13] | PCR[45] AFL EOUCILS] | eMIOS 01 /O | o Lricite| o8 | 142 | 174 | A2
AF2 SOUT 2 DSPI_2 o
AF3 — — —
AFO GPIO[46] SIUL /0
AF1 EOUC[14] |eMIOS_O| 1O
PC[14] | PCR[46] | AF2 SCK_2 DSPI.2 | /O | S |[Tristate| 3 3 3 c1
AF3 — — —
— EIRQ[8] SIUL [
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
— [E———h
Port PCR ?Lljtrfé?ii;e Function = O'S g ne
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[47] SIUL /0
AF1 EOUC[15] |eMIOS 0| 1/O
PC[15] | PCR[47]| AF2 CS0_2 DSPI 2 | /O | M [Tristate| 4 4 4 D3
AF3 — — —
— EIRQ[20] SIUL [
Port D
AFO GPIO[48] SIUL [
AF1 — — —
AF2 — — —
PD[0] | PCR[48] | AF3 — — — | |Tristate| 41 | 63 | 77 | P12
— WKPU[27]®) | WKPU [
— ADCO_P[4] | ADC 0 [
— ADC1_P[4] | ADC_ 1 [
AFO GPIO[49] SIUL [
AF1 — — —
AF2 — — —
PD[1] |PCR[49]| AF3 — — — | |Tristate| 42 | 64 | 78 | T12
— WKPU[28]®) | WKPU [
— ADCO_P[5] | ADC 0 [
— ADC1_P[5] | ADC 1 [
AFO GPIO[50] SIUL [
AF1 — — —
AF2 — — — .
PD[2] | PCRISO] | - | |Tristate| 43 | 65 | 79 | R12
— ADCO_P[6] | ADC 0 [
— ADC1 _P[6] | ADC 1 [
AFO GPIO[51] SIUL [
AF1 — — —
AF2 — — — .
PD[3] | PCRIS1] | | |Tristatel 44 | 66 | 80 | P13
— ADCO_P[7] | ADC 0 [
— ADC1_P[7] | ADC_1 [
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
pad [
Port PCR ?Lljtrfé?ii;e Function £ O'S g 0
pin register ) 2 =8 |3 |WE |LQFP|LQFP|LQFP|LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[52] SIuL |
AF1 — — —
AF2 — — — ,
PD[4] | PCRI52]| |, | [Tristate| 45 | 67 | 81 | R13
— ADCO_P[8] | ADC_0 |
— ADCI1_P[8] | ADC_1 |
AFO GPIO[53] S |
AF1 — — —
AF2 — — — .
PD[S] | PCRIS3]| |, | |Tristate| 46 | 68 | 82 | T13
— ADCO_P[9] | ADC_O |
— ADCI1_P[9] | ADC_1 |
AFO GPIO[54] SIuL |
AF1 — — —
AF2 — — — .
PD[6] | PCRI54] | | [Tristate| 47 | 69 | 83 | T14
— ADCO_P[10] | ADC_0 |
— ADC1_P[10] | ADC_1 |
AFO GPIO[55] SIuL |
AF1 — — —
AF2 — — — .
PD[7] | PCRISS] | | [Tristate| 48 | 70 | 84 | R14
— ADCO_P[11] | ADC_0 |
— ADC1_P[11] | ADC_1 |
AFO GPIO[56] SIuL |
AF1 — — —
AF2 — — — .
PD[8] | PCRIS6] | |, | |Tristate| 49 | 71 | 87 | T15
— ADCO_P[12] | ADC_0 |
— ADC1_P[12] | ADC_1 |
AFO GPIO[57] SIuL |
AF1 — — —
AF2 — — — .
PD[9] | PCRIS7]| | [Tristate| 56 | 78 | 94 | Ni5
— ADCO_P[13] | ADC_0 |
— ADC1_P[13] | ADC_1 |
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
— [E———h
Port PCR ?Lljtrfé?ii;e Function 2 O'S g 02
pin register ) 2 =8 |3 |WE |LQFP|LQFP|LQFP|LBGA
8 = @ 8| 100 | 144 | 176 |208@
AFO GPIO[58] SIUL [
AF1 — — —
AF2 — — — ,
PD[10] | PCR[58] A3 | |Tristate| 57 79 95 | N14
— ADCO_P[14] | ADC 0 [
— ADC1_P[14] | ADC 1 [
AFO GPIO[59] SIUL [
AF1 — — —
AF2 — — — .
PD[11] | PCR[59] A3 | |Tristate| 58 80 96 | N16
— ADCO_P[15] | ADC_0 [
— ADC1_P[15] | ADC_1 [
AFO GPIO[60] SIUL 110
AF1 CS5.0 DSPI_0 o}
PD[12] | PCR[60] | AF2 EOUC[24] |eMIOS 0| 1/O | J |Tristate| — — | 100 | M15
AF3 — — —
— ADCO_S[4] ADC 0 [
AFO GPIO[61] SIUL o)
AF1 CSo_1 DSPI_1 110
PD[13] | PCR[61] | AF2 EOUC[25] |eMIOS 0| 1/O | J |[Tristate| 62 84 | 102 | M14
AF3 — — —
— ADCO_S[5] ADC_0 [
AFO GPIO[62] SIUL 110
AF1 Ccs1 1 DSPI_1 o}
PD[14] | PCR[62] | AF2 EOUC[26] |eMIOS 0| 1/O | J |Tristate| 64 86 | 104 | L15
AF3 — — —
— ADCO_SJ[6] ADC 0 [
AFO GPIO[63] SIUL 110
AF1 cs2. 1 DSPI_1 0
PD[15] | PCR[63] | AF2 EOUC[27] |eMIOS 0| 1O | J |Tristate| 66 88 | 106 | L14
AF3 — — —
— ADCO_S[7] ADC_0 [

Port E

3
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
s )
Port PCR ?Lljtrfg?ii;e Function 2 O'S g 02
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[64] MSI'U" /0
AF1 eoucie] | MOS0 0
AF2 — - — .
PE[0] | PCR[64] | ', _ S |[Tristate| 6 10 | 18 | F1
— WKPU[6]®) FIWEPAL,J\I [
— CANBRX eXS -
AFO GPIO[B5] Msl'cl;; ,| o
PE[1] | PCR[69] AFL EOUC]L7] ISI CAN Vo M |Tristate| 8 12 20 F4
AF2 CAN5TX ex5 -1 o
AF3 — - —
AFO GPIO[66] SIuL /0
AF1 EOUC[18] |eMIOS 0| 1O
AF2 — — — _
PE[2] | PCRI66] | ', M |Tristate| 89 | 128 | 156 | D7
— EIRQ[21] SIUL [
— SIN_1 DSPI_1 [
AFO GPIO[67] SIuL /0
AF1 EOUC[19] |eMIOS 0| 10O .
PE[3] | PCR[67] M |Tristate] 90 | 129 | 157 | c7
AF2 SOUT 1 DSPI_1 o)
AF3 — — —
AFO GPIO[68] SIuL /0
AF1 EOUC[20] |eMIOS 0| 1O
PE[4] | PCR[68]| AF2 SCK_1 DSPI.1 | /O | M [Tristate| 93 | 132 | 160 | D6
AF3 — — —
— EIRQ[9] SIUL [
AFO GPIO[69] SIUL /0
AF1 EOUC[21] |eMIOS 0| 10O .
PE[5] | PCR[69 - M |Tristate| 94 | 133 | 161 | C6
[5] 6911 ap2 CSo 1 DSPI1 | 1O
AF3 MA[2] ADC 0 o)
AFO GPIO[70] SIUL /0
AF1 EOUC[22] |eMIOS 0| 1O
PE[6] | PCR[70]| AF2 CS3.0 DSPI_0 O | M |Tristate] 95 | 139 | 167 | BS
AF3 MA[1] ADC_0 o)
— EIRQ[22] SIuL [
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Table 10. Functional port pin descriptions (continued)

Pin number
© o ) &
P(_)rt P‘.:R ?Lljtrfg?ii;e Function %’ O'§ g E:E:»
pin register o) = =9 o IﬁI:J S LQFP | LQFP | LQFP | LBGA
8 = 3 | 100 | 144 | 176 |208@%
AFO GPIO[71] SIUL /0
AF1 EOUC[23] |eMIOS 0| 1/O
PE[7] |PCR[71]| AF2 CS2.0 DSPI_0 o) M |Tristate| 96 | 140 | 168 | C4
AF3 MA[0] ADC_0 o)
— EIRQ[23] SIUL [
SIUL
AFO GPIO[72] FlexCAN I/0
AF1 CAN2TX 2 | o .
PE[8] | PCR[72] M |Tristate| 9 13 21 | G2
AF2 EOUC[22] |eMIOS 0| 1O
AF3 CAN3TX |FlexCAN_| O
3
SIUL
AFO GPIO[73] _ /0
AF1 — eMIOS 0| —
AF2 EOUC[23] _ /0
PE[9] |PCR[73]| AF3 — WKPU — | s |Tristate| 10 14 | 22 | 61
— WKPU[7]®) | FlexcAN I
— CAN2RX 2 |
— CAN3RX  |FIexCAN_| |
3
AFO GPIO[74] SIUL /0
AF1 LIN3TX LINFlex 3| O
PE[10] | PCR[74] | AF2 CS3 1 DSPI_1 o) S |Tristate| 11 15 | 23 | G3
AF3 E1UC[30] |eMIOS_1| 1O
— EIRQ[10] SIUL [
AFO GPIO[75] SIUL /0
AF1 EOUC[24] |eMIOS 0| 1/O
AF2 Ccs4 1 DSPI_1 o) .
PE[11] |PCR[7S] | . e - | s [mistate| 13 17 25 | H2
— LIN3RX LINFlex 3| |
— WKPU[14]®) | WKPU [
AFO GPIO[76] SIUL /0
AF1 — — —
AF2 E1UC[19]12 | eMIOS 1| 1O
PE[12] | PCR[76] | AF3 — — — | J |mristate| 76 | 109 | 133 | C14
— EIRQ[11] SIUL [
— SIN_2 DSPI_2 [
— ADC1_S[7] | ADC_1 [
98/1044 DoclD15700 Rev 10 ‘Yl




RM0037 Signal description

Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
pad [
Port PCR ?Lljtrfg?ii;e Function = O'S g ne
pin register ) 2 =8 |3 |WE |LQFP|LQFP|LQFP|LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[77] SIUL e
AF1 SOUT_2 DSPI 2 | ©
PE[13] | PCR[77 = = S |[Tristate| — | 103 | 127 | D15
[13] 7 Ar2 E1UC[20] |eMIOS_1| 1O ristate
AF3 — — —
AFO GPIO[78] SIUL /0
AF1 SCK_2 DSPI_ 2 | I/O
PE[14] | PCR[78] | AF2 E1UC[21] |eMIOS 1| 1/O | S [Tristate| — | 112 | 136 | C13
AF3 — — —
— EIRQ[12] SIuL |
AFO GPIO[79] SIuL /0
PE[S] | PCRi7Y| ATt €S0_2 DSPL2 1 01 ) istate 113 | 137 | A13
AF2 E1UC[22] |eMIOS_1| 1O
AF3 — — —
Port F
AFO GPIO[80] SIuL /0
AF1 EOUC[10] |eMIOS 0| 1/O
PF[0] | PCR[80] | AF2 cs3 1 DSPI.1 | O | J |Tristatel — | 55 | 63 | N10
AF3 — — —
— ADCO_S[8] | ADC_ 0 |
AFO GPIO[81] SIUL /0
AF1 EOUC[11] |eMIOS 0| 1O
PF[1] |PCR[81]| AF2 cs4 1 DSPIL1 | O | J |Tristatel — | 56 | 64 | P10
AF3 — — —
— ADCO_S[9] | ADC_0 |
AFO GPIO[82] S /0
AF1 EOUC[12] |eMIOS 0| 1/O
PF2] |PCR[82]| AF2 CS0_2 DSPI 2 | /O | J |Tristatel — | 57 | 65 | T10
AF3 — — —
— ADCO_S[10] | ADC 0 |
AFO GPIO[83] SIUL /0
AF1 EOUC[13] |eMIOS 0| 1/O
PF[3] |PCR[83]| AF2 CS1 2 DSPIL 2 | O | J |Tristatel — | 58 | 66 | R10
AF3 — — —
— ADCO_S[11] | ADC_0 |
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Table 10. Functional port pin descriptions (continued)

Pin number
© o ) &
Port PCR ?Lljtrfg?ii;e Function %’ O'§ g E:E:»
pin register o) = =9 o IﬁI:J S LQFP | LQFP | LQFP | LBGA
8 = 3 | 100 | 144 | 176 |208@%
AFO GPIO[84] SIUL /0
AF1 EOUC[14] |eMIOS_ 0| /O
PF[4] | PCR[84] | AF2 CS2. 2 DSPI_2 o) J |Tristate] — | 59 | 67 | Ni1
AF3 — — —
— ADCO_S[12] | ADC 0 [
AFO GPIO[85] SIUL /0
AF1 EOUC[22] |eMIOS 0| 1O
PF[5] | PCR[85]| AF2 CS3. 2 DSPI_2 o) J |Tristatel — | 60 | 68 | P11
AF3 — — —
— ADCO_S[13] | ADC 0 [
AFO GPIO[86] SIUL /0
AF1 EOUC[23] |eMIOS_ 0| /O
PF[6] | PCR[86]| AF2 cs1 1 DSPI_1 o) J |Tristate] — | 61 | 69 | Ti1
AF3 — — —
— ADCO_S[14] | ADC 0 [
AFO GPIO[87] SIUL /0
AF1 — — —
PF[7] | PCR[87]| AF2 cs2. 1 DSPI_1 o) J |Tristate| — | 62 | 70 | R11
AF3 — — —
— ADCO_S[15] | ADC 0 [
SIUL
AFO GPIO[B8]  |FlexcAN_| VO
PF[8] PCR[88] AFL CANSTX 8 © M |Tristate| — 34 42 P1
AF2 CS4 0 DSPI_0 o)
AF3 CAN2TX |FlexCAN_| O
2
SIUL
AFO GPIO[89] eMIOS 1 I/O
AF1 E1UC[1] DSPl 0 | 1/O
AF2 CS5 0 _ o)
PF[9] PCR[89] AF3 — WKPU — S |[Tristate| — 33 41 N2
— WKPU[22]®) | FlexcAN I
— CAN2RX 2 |
— CAN3RX  |FIexCAN_| |
3
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
— [E———h
Port PCR ?Lljtrfé?ii;e Function = O'S g ne
pin register ) 2 =8 |3 |WE |LQFP|LQFP|LQFP|LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[90] SIUL /0
AF1 CS1.0 DSPI_0 o)
PF[10] | PCR[90 - - M |Tristate| — 38 | 46 | R3
[10] N A LINATX LINFlex 4| O ristate
AF3 E1UC[2] eMIOS_1| /O
AFO GPIO[91] SIUL /0
AF1 CS2.0 DSPI_0 o)
AF2 E1UC[3] eMIOS_1| 1/O .
PF[L1] | PCR[O1]| o S |[Tristate] — 39 | 47 | R4
— WKPU[15]®) | WKPU [
— LINARX LINFlex_ 4| |
AFO GPI0[92] SIUL /0
AF1 E1UC[25 eMIOS_1| 1/0
PF[12] | PCR[92] [25] - M [Tristate| — 35 | 43 | R1
AF2 LINSTX LINFlex 5| O
AF3 — — —
AFO GPIO[93] SIUL /0
AF1 E1UC[26] |eMIOS_1| 1O
AF2 — — — .
PF[13] |PCR[93] | . S |Tristatel — | 41 | 49 | T6
— WKPU[16]®) | WKPU [
— LINSRX LINFlex 5| |
SIUL
AFO GPIO[94] |FlexcAN_| 1O
PF[14] | PCR[94] AFL CANATX 4 © M [Tristate 102 | 126 | D14
AF2 E1UC[27] |eMIOS_1| 1O
AF3 CANITX |FlexCAN_| O
1
SIUL
AFO GPIO[95] eMIOS_1 I/0
AF1 E1UC[4] _ /0
AF2 — _ —
PF[15] | PCR[95] | AF3 — SIUL — | S |Tristate| — | 101 | 125 | E15
— EIRQ[13]  |FlexCAN_| |
— CANI1RX 1 [
— CAN4RX  |FlexCAN_| |
4
Port G
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
pad [
Port PCR ?Lljtrfg?ii;e Function = O'S g 02
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPiO[9s] | _ S'U:N 110
pG0] | PCRpE] | Tt CANSTX exC5: 19 | M |ristate 98 | 122 | E14
AF2 EIUCI23] | qvios 1| 'O
AF3 — = —
AFO GPIO[97] SluL 110
AFL R Mlgs 1l
e
AF2 E1UC[24 -1 1o
PG[1] | PCRI97]| ' o [24] — S |Tristate] — | 97 | 121 | E13
— EIRQIL4] | S'(‘;L‘N [
— CAN5RX eXS -
AFO GPIO[98] SIuL 110
AF1 E1UC[11] |eMIOS 1| 1O _
PG[2] | PCR[98] M [Tristate] — 8 16 | E4
AF2 SOUT_3 DSPI_3 o)
AF3 — — —
AFO GPIO[99] SIuL 110
AF1 E1UC[12] |eMIOS 1| 1/O
PG[3] | PCR[99] | AF2 CS0_3 DSPI.3 | O | S |[Tristate] — 7 15 | E3
AF3 — — —
— WKPU[17]®) | WKPU [
AFO GPIO[100] SIuL /0
AF1 E1UC[13] |eMIOS_1| 1O .
PG[4] |PCR[100] M [Tristate] — 6 14 | E1
AF2 SCK_3 DSPI.3 | 1O
AF3 — — —
AFO GPIO[101] SIuL 110
AF1 E1UC[14] |eMIOS_1| 1O
AF2 — — — .
PGIS] |PCR[101]| o S |Tristate] — 5 13 | E2
— WKPU[18]®) | WKPU [
— SIN_3 DSPI_3 [
AFO GPIO[102] SIuL /0
AF1 E1UC[15] |eMIOS_1| 1O .
PG[6] |PCR[102] M [Tristate| — | 30 | 38 | M2
AF2 LIN6TX  |LINFlex 6/ ©
AF3 — — —
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
— [E———h
Port PCR ?Lljtrfg?ii;e Function = O'S g ne
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[103] SIUL /0
AF1 E1UC[16] |eMIOS 1| 1O
AF2 E1UC[30 eMIOS_1| /O
PG[7] |PCR[103] AF3 [30] - S |Tristate| — 29 37 M1
— WKPU[20]®) | WKPU [
— LIN6RX LINFlex 6| |
AFO GPIO[104] SIUL /0
AF1 E1UC[17] |eMIOS_1| 1O
PG[8] |PCR[104]| AF2 LIN7TX LINFlex 7| ©O S |[Tristate| — 26 | 34 L2
AF3 CS0_2 DSPI 2 | 1O
— EIRQ[15] SIUL [
AFO GPIO[105] SIUL /0
AF1 E1UC[18] |eMIOS_1| 1O
AF2 — — — .
PG[9] |PCR[105] S |[Tristate| — 25 | 33 L1
AF3 SCK_2 DSPI 2 | 1O
— WKPU[21]®) | WKPU [
— LIN7RX LINFlex_7| |
AFO GPIO[106] SIUL /0
AF1 EOUC[24] |eMIOS 0| 1/O
PG[10] |PCR[106]| AF2 E1UC[31] |eMIOS 1| 1O | S |Tristate] — | 114 | 138 | D13
AF3 — — —
— SIN_4 DSPI_4 [
AFO GPIO[107] SIUL /0
AF1 EOUC[25] |eMIOS_ 0| 1/O .
PG[11] [PCR[107] M [Tristate] — | 115 | 139 | B12
AF2 CS0_4 DSPI 4 | 1O
AF3 — — —
AFO GPIO[108] SIUL /0
AF1 EOUC[26] |eMIOS 0| 1/O _
PG[12] |PCR[108] M [Tristate| — 92 | 116 | K14
AF2 SOUT 4 DSPI_4 o)
AF3 — — —
AFO GPIO[109] SIUL /0
AF1 EOUC[27] |eMIOS O| 1O .
PG[13] |PCR[109 - M [Tristate| — 91 115 K16
[13] N SCK_4 DSPI_4 | 1O
AF3 — — —
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
— [E———h
Port PCR ?Lljtrfg?ii;e Function 2 O'S g 02
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
8 = @ 8| 100 | 144 | 176 |208@
AFO GPIO[110] SIUL 110
AF1 E1UC[0] eMIOS 1| 1/0 .
PG[14] |PCR[110 - S |Tristate| — | 110 | 134 | B14
[14] (1101} Ao LINSTX LINFlex 8| O rstate
AF3 — — —
AFO GPIO[111] SIUL 110
AF1 E1UC[1] eMIOS_1| I/O
PG[15] |PCR[111]| AF2 — — — | M |Tristate] — | 111 | 135 | B13
AF3 — — —
— LINSRX LINFlex_8 |
Port H
AFO GPIO[112] SIUL 110
AF1 E1UC[2] eMIOS_1| 1/O
PH[O] |PCR[112]| AF2 — — — | M [Tristate| — 93 | 117 | F13
AF3 — — —
— SIN_1 DSPI_1 |
AFO GPIO[113] SIUL 110
AF1 E1UC[3] eMIOS_ 1| 1/0 .
PH[1] |PCR[113 - M |Tristate| — 94 | 118 | F14
[1] L3l app SOUT 1 | DsPiL1| O !
AF3 — — —
AFO GPIO[114] SIUL 110
AF1 E1UC[4] eMIOS_ 1| 1/O .
PH[2] |PCR[114] M [Tristate| — 95 | 119 | F16
AF2 SCK_1 DSPI_1 110
AF3 — — —
AFO GPIO[115] SIUL 110
PH[3] |PCRI[115] AFL E1UCES] eMIoS 11 1o 1, Tristate 96 | 120 | F15
AF2 CSo_1 DSPI_1 110
AF3 — — —
AFO GPIO[116] SIUL 110
AF1 E1UC[6 eMIOS_ 1| 1/0
PH[4] |PCRI[116] A2 [6] - M [Tristate| — | 134 | 162 | A6
AF3 — — —
AFO GPIO[117] SIUL 110
AF1 E1UC[7] eMIOS_ 1| 1/0 .
PH[S] |PCR[LL7]| S |Tristate| — | 135 | 163 | B6
AF3 — — —
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Signal description

Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
— [E———h
Port PCR ?Lljtrfg?ii;e Function = O'S g ne
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[118] SIUL /0
AF1 E1UC[8 eMIOS_1| /O _
PH6] |PCR[118]| [8] - M |Tristate] — | 136 | 164 | D5
AF3 MA[2] ADC_0 o)
AFO GPIO[119] SIUL /0
AF1 E1UC[9 eMIOS_1| /O
PH[7] |PCR[119] [9] - M |Tristate] — | 137 | 165 | C5
AF2 CS3 2 DSPI_2 o)
AF3 MA[1] ADC_0 o)
AFO GPIO[120] SIUL /0
AF1 E1UC[10] |eMIOS_1| 1/O _
PH[8] |PCR[120] M |Tristate] — | 138 | 166 | A5
AF2 CS2 2 DSPI_2 o)
AF3 MA[0] ADC_0 o)
AFO GPIO[121] SIUL /0
AF1 _ . . Input,
PH[9]10) |PCR[121] S |weak | 88 | 127 | 155 | B8
AF2 TCK JTAGC [
pull-up
AF3 — — —
AFO GPIO[122] SIUL /0
AF1 _ . - Input,
PH[10]19) | PCR[122] M | weak | 81 | 120 | 148 | B9
AF2 T™S JTAGC [
pull-up
AF3 — — —
AFO GPIO[123] SIUL /0
AF1 SOUT 3 DSPI_3 o) .
PH[11] |PCR[123] - - M [Tristate| — — | 140 | A14
AF2 CS0_4 DSPI_4 | 1/O
AF3 E1UC[5] eMIOS_1| 1/0
AFO GPIO[124] SIUL /0
AF1 SCK_3 DSPI.3 | 1O
PH[12] |PCR[124 - - M |Tristate| — — | 141 | D12
[12] (L2411 aro CS1_4 DSPI_4 o)
AF3 E1UC[25] |eMIOS_1| 1O
AFO GPIO[125] SIUL /0
AF1 SOUT _4 DSPI_4 o] .
PH[13] |PCR[125] M [Tristate| — — 9 B3
AF2 CS0_3 DSPI_3 | 1O
AF3 E1UC[26] |eMIOS_ 1| 1O
AFO GPIO[126] SIUL /0
AF1 SCK_4 DSPI_ 4 | 1/O .
PH[14] |PCR[126] - - M [Tristate| — — 10 | D1
AF2 CS1 3 DSPI_3 o)
AF3 E1UC[27] |eMIOS_1| 1O
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
— [E———h
Port PCR ?Lljtrfé?ii;e Function = O'S g ne
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[127] SIUL /0
AF1 SOUT 5 DSPI_5 o)
PH[15] |PCR[127] A2 - - M |Tristate| — — 8 A3
AF3 E1UC[17] |eMIOS_1| 1O
Port |
AFO GPI0[128] SIUL /0
AF1 EOUC[28 eMIOS 0| /0
PI[0] |PCR[128] [28] - S |Tristate| — — 172 A9
AF2 LINSTX LINFlex 8/ O
AF3 — — —
AFO GPIO[129] SIUL /0
AF1 EOUC[29] |eMIOS 0| 1/O
AF2 — — — .
PI[1] |PCR[129] S |[Tristate] — — | 171 | A10
AF3 — — —
— WKPU[24]®) | WKPU [
— LINSRX LINFlex 8| |
AFO GPIO[130] SIUL /0
AF1 EOUC[30 eMIOS_ 0| 1/0
PI[2] |PCR[130] [30] - S |Tristate| — — 170 B10
AF2 LIN9TX LINFlex 9| O
AF3 — — —
AFO GPIO[131] SIUL /0
AF1 EOUC[31] |eMIOS 0| 1/O
AF2 — — — .
PI[3] |PCR[131] S |[Tristate] — — | 169 | c10
AF3 — — —
— WKPU[23]° WKPU [
— LINORX LINFlex 9| |
AFO GPIO[132] SIUL /0
AF1 E1UC[28] |eMIOS_1| 1O .
PI[4] |PCR[132 - S |[Tristate] — — | 143 | A12
[4] (1321} apo SOUT 4 | DSPlL4 | O !
AF3 — — —
AFO GPIO[133] SIUL /0
AF1 E1UC[29] |eMIOS_1| 1O .
PI[5] |PCR[133] S |[Tristate] — — | 142 | c12
AF2 SCK_4 DSPI_4 | 1/O
AF3 — — —
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Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
pad [
Port PCR ?Lljtrfé?ii;e Function = O'S g 02
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[134] SIuL 110
AF1 E1UC[30] |eMIOS_ 1| 1O .
PI PCR[134 = T — | — | 11 | D2
6] |PCRIL34T ) CS0_4 DSPI_4 | /O S [Tristate
AF3 — — —
AFO GPIO[135] SIuL /0
AF1 E1UC[31] |eMIOS_1| 1O
PI[7] |PCR[135] 1] - S |Tristate| — — 12 D3
AF2 CS1_4 DSPI_4 o)
AF3 — — —
AFO GPIO[136] SIuL 110
AF1 — — —
PI[8] |PCR[136]| AF2 — — — | J |Tristate| — | — | 108 | J13
AF3 — — —
— ADCO_S[16] | ADC_0 [
AFO GPIO[137] SIuL /0
AF1 — — —
PI[9] |PCR[137]| AF2 — — — | J |Tristate| — | — | 109 | J14
AF3 — — —
— ADCO_S[17] | ADC_0 [
AFO GPIO[138] SIuL 110
AF1 — — —
PI[10] |PCR[138]| AF2 — — — | J |Tristate| — | — | 110 | J15
AF3 — — —
— ADCO_S[18] | ADC_0 [
AFO GPIO[139] SIuL /0
AF1 — — —
AF2 — — — .
PI[11] |PCR[139] J |Tristate| — | — | 111 | Ji6
AF3 — — —
— ADCO_S[19] | ADC_0 [
— SIN_3 DSPI_3 [
AFO GPIO[140] SIuL 110
AF1 CS0_3 DSPI.3 | 1O
PI[12] |PCR[140]| AF2 — — — | J |Tristate| — | — | 112 | G14
AF3 — — —
— ADCO_S[20] | ADC_0 [
‘Yl DocID15700 Rev 10 107/1044




Signal description RM0037

Table 10. Functional port pin descriptions (continued)

Pin number
© 8 ) &
pad [
Port PCR ?Lljtrfg?ii;e Function = O'S g 02
pin register ) = =7 T | W E |LQFP|LQFP |LQFP |LBGA
5 S |a| %8| 100 | 144 | 176 | 208
AFO GPIO[141] SIUL 110
AF1 cs1 3 DSPL3 | ©
PI[13] |PCR[141]| AF2 — — — | J |Tristate| — | — | 113 | G15
AF3 — — —
— ADCO_S[21] | ADC_0 [
AFO GPIO[142] SIUL 110
AF1 — — —
AF2 — — — .
PI[14] |PCR[142] J [Tristate| — | — | 76 | R8
AF3 — — —
— ADCO_S[22] | ADC_0 [
— SIN_4 DSPI_4 [
AFO GPIO[143] SIUL /0
AF1 CS0_4 DSPI4 | 1O
PI[15] |PCR[143]| AF2 — — — | J |mristate| — | — | 75 | T8
AF3 — — —
— ADCO_S[23] | ADC_0 [
Port J
AFO GPIO[144] SIUL 110
AF1 cs1 4 DSPL4 | ©
PJ[0] |PCR[144]| AF2 — — — | J |Tristate| — | — | 74 | N5
AF3 — — —
— ADCO_S[24] | ADC_0 [
AFO GPIO[145] SIUL /0
AF1 — — —
AF2 — — —
PJ[1] |PCR[145] J [Tristate| — | — | 73 | P5
AF3 — — —
— ADCO_S[25] | ADC_0 [
— SIN_5 DSPI_5 [
AFO GPIO[146] SIUL 110
AF1 CS0_5 DSPI5 | 10
PJ[2] |PCR[146]| AF2 — — — | 3 |mristate] — | — | 72 | P4
AF3 — — —
— ADCO_S[26] | ADC_0 [
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Table 10. Functional port pin descriptions (continued)

Pin number
© o ) &
Port PCR ?Lljtrfg?ii;e Function % O'§ g E:E:»
pin register o) = = e o Iﬁl:J S LQFP | LQFP | LQFP |LBGA
I s | 3 | 100 | 144 | 176 |208@%
AFO GPIO[147] SIUL I/O
AF1 CS1.5 DSPI_5 o
PJ[3] |PCR[147]| AF2 — — — | J |Tristate| — | — | 71 | P2
AF3 — — —
— ADCO_S[27] | ADC 0 [
AFO GPIO[148] SIUL /0
AF1 SCK_5 DSPI_5 I/O .
PJ[4] |PCR[148] M |Tristate| — | — 5 A4
AF2 E1UC[18] |eMIOS_1| 1O
AF3 — — —

N o o~ w

©

10.

11.

12.

Alternate functions are chosen by setting the values of the PCR.PA bitfields inside the SIUL module.

PCR.PA = 00— AF0; PCR.PA = 01 -> AF1; PCR.PA = 10 -> AF2; PCR.PA = 11-> AF3. This is intended to select the output
functions; to use one of the input functions, the PCR.IBE bit must be written to ‘1’, regardless of the values selected in the
PCR.PA bitfields. For this reason, the value corresponding to an input only function is reported as “—".

Multiple inputs are routed to all respective modules internally. The input of some modules must be configured by setting the
values of the PSMIO.PADSELX bitfields inside the SIUL module.

The RESET configuration applies during and after reset.

LBGA208 available only as development package for Nexus2+

All WKPU pins also support external interrupt capability. See the WKPU chapter for further details.
NMI has higher priority than alternate function. When NMI is selected, the PCR.AF field is ignored.

“Not applicable” because these functions are available only while the device is booting. Refer to the BAM information for
details.

Value of PCR.IBE bit must be 0
This wakeup input cannot be used to exit STANDBY mode.

Out of reset all the functional pins except PC[0:1] and PH[9:10] are available to the user as GPIO.
PCJ[0:1] are available as JTAG pins (TDI and TDO respectively).

PH[9:10] are available as JTAG pins (TCK and TMS respectively).

It is up to the user to configure these pins as GPIO when needed.

PCJ[1] is a fast/medium pad but is in medium configuration by default. This pad is in Alternate Function 2 mode after reset
which has TDO functionality. The reset value of PCR.OBE is '1', but this setting has no impact as long as this pad stays in
AF2 mode. After configuring this pad as GPIO (PCR.PA = 0), output buffer is enabled as reset value of PCR.OBE = 1.

Not available in LQFP100 package

4.8 Nexus 2+ pins

3

In the LBGA208 package, eight additional debug pins are available (see Table 11).
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Table 11. Nexus 2+ pin descriptions

_ Pin number
Port pin Function dir;/(gion Pad type | o 01e o, LQFP | LQFP | LBGA
100 144 208
MCKO Message clock out (@) F — — — T4
MDOO Message data out O @) M — — — H15
MDO1 Message data out 1 @) M — — — H16
MDO2 Message data out 2 (@) M — — — H14
MDO3 Message data out 3 (@) M — — — H13
EVTI Eventin | M Pull-up — — K1
EVTO Event out O] M — — — L4
MSEO Message start/end out 0] M — — — G16

1. LBGAZ208 available only as development package for Nexus2+

110/1044
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5 Microcontroller Boot
This chapter explains the process of booting the microcontroller. The following entities are
involved in the boot process:
e  Section 5.2: Boot Assist Module (BAM)
e  Section 5.3: System Status and Configuration Module (SSCM)
e Flash memory boot sectors (see Chapter 30: Flash Memory)
e  Memory Management Unit (MMU)
5.1 Boot mechanism
This section describes the configuration required by the user, and the steps performed by
the microcontroller, in order to achieve a successful boot from flash memory or serial
download modes.
There are 2 external pins on the microcontroller that are latched during reset and used to
determine whether the microcontroller will boot from flash memory or attempt a serial
download via FlexCAN or LINFlex (RS232):
e FAB (Force Alternate Boot mode) on pin PA[9]
e ABS (Alternate Boot Select) on pin PA[8]
Table 12 describes the configuration options.
Table 12. Boot mode selection
Mode FAB pin (PA[9]) ABS pin (PA[8])
Flash memory boot (default mode) 0 X
Serial boot (LINFlex) 1 0
Serial boot (FlexCAN) 1 1

3

The microcontroller has a weak pull-down on PA[9] and a weak pull-up on PA[8]. This
means that if nothing external is connected to these pins, the microcontroller will enter flash
memory boot mode by default. In order to change the boot behavior, you should use
external pullup or pulldown resistors on PA[9] and PAJ[8]. If there is any external circuitry
connected to either pin, you must ensure that this does not interfere with the expected value
applied to the pin at reset. Otherwise, the microcontroller may boot into an unexpected
mode after reset.

The SSCM preforms a lot of the automated boot activity including reading the latched value
of the FAB (PA[9]) pin to determine whether to boot from flash memory or serial boot mode.
This is illustrated in Figure 7.
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SSCM reads latched
values of PA[8] and
PA[9] pins

FAB=0 FAB=1

FAB (PA[9]) value?

ABS =1
ABS (PA[8]) value?

Serial boot Serial boot
(LINFlex) (FlexCAN)

Figure 7. Boot mode selection

Boot from
flash memory

51.1 Flash memory boot
In order to successfully boot from flash memory, you must program two 32-bit fields into one
of 5 possible boot blocks as detailed below. The entities to program are:
e 16-bit Reset Configuration Half Word (RCHW), which contains:
— A BOOT_ID field that must be correctly set to Ox5A in order to "validate" the boot
sector
e  32-bit reset vector (this is the start address of the user code)

The location and structure of the boot sectors in flash memory are shown in Figure 8.

3
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0x0000_0000

0x0000_8000

0x0000_C000!

0x0001_0000

0x0001_8000

Boot sector 0
32 KB
Boot sector 1 Boot sector structure
16 kB Bit 0 78 15 16 Bit 31
Boot sector 2 0x0 BOOT_ID
(RCHW) Reserved (OX5A) Reserved
16 KB
B s & 0x4 32-bit reset vector (points to start address of application code)
32 KB 0x8 Application code (from offset 0x8 and onward)
Boot sector 4
32 KB

Code flash memory

Figure 8. Boot sector structure
The RCHW fields are described in Table 13.

Table 13. RCHW field descriptions

Field

Description

BOOT_ID

Boot identifier.
If BOOT_ID = 0x5A, the boot sector is considered valid and bootable.

51.1.1

3

The SSCM performs a sequential search of each boot sector (starting at sector 0) for a valid
BOOT _ID within the RCHW. If a valid BOOT _ID is found, the SSCM reads the boot vector
address. If a valid BOOT_ID is not found, the SSCM starts the process of putting the
microcontroller into static mode.

Finally, the SSCM sets the e200z0h core instruction pointer to the reset vector address and
starts the core running.
Static mode

If no valid BOOT _ID within the RCHW was found, the SSCM sets the CPU core instruction
pointer to the BAM address and the core starts to execute the code to enter static mode as
follows:

. The core executes the "wait" instruction which halts the core.
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The sequence is illustrated in Figure 9.

SSCM searches flash
boot sectors for valid
BOOT_ID (0x5A)

Valid
BOOT_ID found?

Yes No

Y Y

SSCM transfers
execution to e200z0h core
which runs BAM code

i Y

€200z0h core starts
executing code at
vector address

SSCM reads reset
vector address

BAM code executes
wait instruction

Y

System in static mode
(requires reset to recover)

51.1.2

5.1.2

114/1044

Figure 9. Flash memory boot mode sequence

Alternate boot sectors

Some applications require an alternate boot sector so that the main boot code can be
erased and reprogrammed in the field. When an alternate boot is needed, you can create
two bootable sectors:

. The valid boot sector located at the lowest address is the main boot sector.
. The valid boot sector located at the next available address is the alternate boot sector.

This scheme ensures that there is always one active boot sector even if the main boot
sector is erased.

Serial boot mode

Serial boot provides a mechanism to download and then execute code into the
microcontroller SRAM. Code may be downloaded using either FlexCAN or LINFlex
(RS232). After the SSCM has detected that serial boot mode has been requested,
execution is transferred to the BAM which handles all of the serial boot mode tasks. See
Section 5.2, Boot Assist Module (BAM), for more details.

3
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5.1.3

Caution:

51.3.1

Censorship

Censorship can be enabled to protect the contents of the flash memory from being read or

modified. In order to achieve this, the censorship mechanism controls access to the:

e JTAG / Nexus debug interface

e  Serial boot mode (which could otherwise be used to download and execute code to
qguery or modify the flash memory)

To re-gain access to the flash memory via JTAG or serial boot, a 64-bit password must be
correctly entered.

When censorship has been enabled, the only way to regain access is with the password. If
this is forgotten or not correctly configured, then there is no way back into the device.

There are two 64-bit values stored in the shadow flash which control the censorship (see
Table 437 for a full description):

¢ Nonvolatile Private Censorship Password registers, NVPWDO and NVPWD1

e Nonvolatile System Censorship Control registers, NVSCCO0 and NVSCC1

Censorship password registers (NVPWDO0 and NVPWD1)

The two private password registers combine to form a 64-bit password that should be
programmed to a value known only by you. After factory test these registers are
programmed as shown below:

e NVPWDO = OXFEED_FACE
e NVPWD1 = OXCAFE_BEEF
This means that even if censorship was inadvertently enabled by writing to the censorship

control registers, there is an opportunity to get back into the microcontroller using the default
private password of OXFEED_FACE_CAFE_BEEF.

When configuring the private password, each half word (16-bit) must contain at least one "1"
and one "0". Some examples of legal and illegal passwords are shown in Table 14:

Table 14. Examples of legal and illegal passwords

Legal (valid) passwords lllegal (invalid) passwords

0x0001_0001 0001 0001 0x0000_ XXXX_ XXXX_ XXXX
0xFFFE_FFFE_FFFE_FFFE 0XFFFF_XXXX_XXXX_XXXX
0X1XXX_X2XX_XX4X_ XXX8

51.3.2

3

In uncensored devices it is possible to download code via LINFlex or FlexCAN (Serial Boot
Mode) into internal SRAM even if the 64-bit private password stored in the flash and
provided during the boot sequence is a password that does not conform to the password
rules.

Nonvolatile System Censorship Control registers (NVSCCO and NVSCC1)

These registers are used together to define the censorship configuration. After factory test
these registers are programmed as shown below which disables censorship:
e NVSCCO = 0x55AA 55AA

e NVSCC1 = 0x55AA_55AA
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Each 32-bit register is split into an upper and lower 16-bit field. The upper 16 bits (the SC
field) are used to control serial boot mode censorship. The lower 16 bits (the CW field) are
used to control flash memory boot censorship.

Caution:  If the contents of the shadow flash memory are erased and the NVSCCO,1 registers are not
re-programmed to a valid value, the microcontroller will be permanently censored with no
way for you to regain access. A microcontroller in this state cannot be debugged or re-
flashed.

5.1.3.3 Censorship configuration
The steps to configuring censorship are:

1. Define a valid 64-bit password that conforms to the password rules.

2. Using the table and flow charts below, decide what level of censorship you require and
configure the NVSCCO,1 values.

3. Re-program the shadow flash memory and NVPWDO0,1 and NVSCCO,1 registers with
your new values. A POR is required before these will take effect.

Caution: If

(NVSCCO0 and NVSCC1 do not match)
or
(Either NVSCCO or NVSCCL1 is not set to Ox55AA)
then the microcontroller will be permanently censored with no way to get back in.
Table 15 shows all the possible modes of censorship. The red shaded areas are to be
avoided as these show the configuration for a device that is permanently locked out. If you
wish to enable censorship with a private password there is only one valid configuration — to
modify the CW field in both NVSCCO,1 registers so they match but do not equal Ox55AA.
This will allow you to enter the private password in both serial and flash boot modes.
Table 15. Censorship configuration and truth table
Boot configuration Serial Censorshi Internal
censorship control worpd flash Nexus Serial JTAG
FAB pin Control options control word (NVSCCn[CW]) memory state password | password
state (NVSCCn[SQC)) state
OXXXXX AND | Ox55AA AND
Uncensored NVSCCO == NVSCCO == Enabled | Enabled N/A
NVSCC1 NVSCC1
0 (flash Private flash Ox55AA AND | IOx55AA AND Enabled N\gSP\SNCDIVT'O
memory memory password | NVSCCO == NVSCCO == Enabled with reads flash
and censored NVSCC1 NVSCC1 password o)
boot) memory™)
Censored with no I0X55AA 10X55AA
password access OR Enabled | Disabled N/A
(lockout) NVSCCO I= NVSCC1
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Table 15. Censorship configuration and truth table (continued)

Boot configuration Serial Censorshi Internal
censorship P flash Nexus Serial JTAG
FAB pin c | . control word control word memory state password | password
state ontrol options (NVSCCn[SC]) (NVSCCn[CW]) state
. NVPWDO,1
rzg\ﬁ;er ﬂazgsword OXSSAA AND Enabled | Enabled (BAM reads
yp NVSCCO == NVSCC1 flash
and uncensored Q)
memory‘™’)
Private flash O0x55AA AND | !0x55AA AND N\gg\(/:DMl 0
memory password | NVSCCO == NVSCCO == Enabled | Disabled reads flash
and censored NVSCC1 NVSCC1 Q)
1 (serial memory'\~’)
boot) Public
Public password 'OXS5AA AND | OXS5AA AND (OXFEED_F
and unEensored NVSCCO = NVSCCO = Enabled | Enabled ACE CAFE
NVSCC1 NVSCC1 —
_BEEF)
| :
Public password LSS (OXT:E;'S E
and censored Disabled | Disabled CE CAF
(lockout) OR NVSCCO != NVSCC1 ACE_CAFE
_BEEF)

= Microcontroller permanently locked out

= Not applicable

1. When the SSCM reads the passwords from flash memory, the NVPWDO and NVPWD1 password order is swapped, so you
have to submit the 64-bit password as {NVPWD1, NVPWDO0}.

3

The flow charts in Figure 10 and Figure 11 provide a way to quickly check what will happen
with different configurations of the NVSCCO,1 registers as well as detailing the correct way
to enter the serial password. In the password examples, assume the 64-bit password has
been programmed into the shadow flash memory in the order {NVPWDO, NWPWD1} and
has a value of 0x01234567_89ABCDEF.
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FAB=0
(Flash boot mode)

Censored with no
password access
(Locked out)

Both
SC and CW I=

Ox55AA
?

Censored with no
password access
(Locked out)

JTAG password details:

Censored with Enter password as
Note: CW != Ox55AA private password {NVPV‘\)/Dl, NVPWDO}
SC = Ox55AA ¢ over JTAG examp|e —

Ox89ABCDEF_01234567

Uncensored

Y

Figure 10. Censorship control in flash memory boot mode

3
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FAB =1
(Serial boot mode)
Censored with no
password access
(Locked out)
Both Censored with no
SC and CW I= password access
Ox55AA (Locked out)
Serial password details:
. _ Public password, Enter public password
Note: 1=
CW = OX55AA SC! gXSSAA Uncensored OxFEEDFACE_CAFEBEEF
Flash h Enter password as
glgte: 0 CW I= Ox55AA (private) password, {e':l(;/rz\pl)\lleDl, NVPWDO}
= Ox55AA ? -
' L Censored OX89ABCDEF 01234567
N Enter password as
Flash
- . {NVPWDO, NVPWD1}
> (private) password, example —
Uncensored 0x01234567 89ABCDEF
Figure 11. Censorship control in serial boot mode
5.2 Boot Assist Module (BAM)
The BAM consist of a block of ROM at address OxFFFF_CO000 containing VLE firmware.
The BAM provides 2 main functions:
e Manages the serial download (FlexCAN or LINFlex protocols supported) including
support for a serial password if censorship is enabled
e Places the microcontroller into static mode if flash memory boot mode is selected and a
valid BOOT_ID is not located in one of the boot sectors by the SSCM
5.2.1 BAM software flow

3

Figure 12 illustrates the BAM logic flow.
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BAM Entry
OxFFFF_CO000

Save default

configuration

SSCM_STATUS[BMODE]

Check boot
mode at

Boot mode valid? Restore default STATIC mode
configuration
Download new Restore default
code and save in |——> . . > Execute new
SRAM configuration code

Figure 12. BAM logic flow

The initial (reset) device configuration is saved including the mode and clock configuration.
This means that the serial download software running in the BAM can make changes to the
modes and clocking and then restore these to the default values before running the newly
downloaded application code from the SRAM.

The SSCM_STATUS[BMODE] field indicates which boot mode is to be executed (see
Table 16). This field is only updated during reset.

There are 2 conditions where the boot mode is not considered valid and the BAM pushes
the microcontroller into static mode after restoring the default configuration:

e BMODE =011 (flash memory boot mode). This means that the SSCM has been unable
to find a valid BOOT _ID in the boot sectors so has called the BAM

. BMODE = reserved
In static mode a wait instruction is executed to halt the core.

For the FlexCAN and LINFlex serial boot modes, the respective area of BAM code is
executed to download the code to SRAM.

3
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Table 16. SSCM_STATUS[BMODE] values as used by BAM
BMODE value Corresponding boot mode

000 Reserved

001 FlexCAN_0 serial boot loader

010 LINFlex_0 (RS232 /UART) serial boot loader

011 Flash memory boot mode

100-111 Reserved
After the code has been downloaded to SRAM, the BAM code restores the initial device
configuration and then transfers execution to the start address of the downloaded code.

5211 BAM resources

The BAM uses/initializes the following MCU resources:

¢ MC_ME and MC_CGM to initialize mode and clock sources

e FlexCAN_O, LINFlex _0 and the respective I/0O pins when performing serial boot mode
e  SSCM during password check

e SSCM to check the boot mode (see Table 16)

e 4-16 MHz fast external crystal oscillator

The system clock is selected directly from the 4-16 MHz fast external crystal oscillator.

Thus, the external oscillator frequency defines the baud rates used for serial download (see
Table 17).

Table 17. Serial boot mode — baud rates

FXOSC frequency LINFlex baud rate CAN bit rate
(MHz) (baud) (bit/s)
fexosc fexosc/833 fexosc/40

8 9600 200K
12 14400 300K
16 19200 400K

5.2.1.2 Download and execute the new code

From a high level perspective, the download protocol follows these steps:
1. Send the 64-bit password.
2. Send the start address, size of code to be downloaded (in bytes) and the VLE bit(.
3. Download the code.

Each step must be completed before the next step starts. After the download is complete
(the specified number of bytes is downloaded), the code executes from the start address.

f.  Since the device supports only VLE code and not Book E code, this flag is used only for backward
compatibility.

3
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52.1.3

The communication is done in half duplex manner, whereby the transmission from the host
is followed by the microcontroller transmission mirroring the transmission back to the host:

e Host sends data to the microcontroller and waits for a response.
o MCU echoes to host the data received.
e Host verifies if echo is correct:
— If data is correct, the host can continue to send data.
— If data is not correct, the host stops transmission and the microcontroller enters
static mode.
All multi-byte data structures are sent with MSB first.

A more detailed description of these steps follows.

Censorship mode detection and serial password validation

Before the serial download can commence, the BAM code must determine which
censorship mode the microcontroller is in and which password to use. It does this by
reading the PUB and SEC fields in the SSCM Status Register (see Section 5.3.4.1: System
Status Register (SSCM_STATUS)) as shown in Table 18.

Table 18. BAM censorship mode detection

SSCM_STATUS register fields
Mode Password comparison
PUB SEC
1 0 Uncensored, public password |OXFEED_FACE_CAFE_BEEF
0 0 Uncensored, private password |NVPWDO,1 from flash memory via BAM
0 1 Censored, private password NVPWD1,0 from flash memory via SSCM

122/1044

When censorship is enabled, the flash memory cannot be read by application code running
in the BAM or in the SRAM. This means that the private password in the shadow flash
memory cannot be read by the BAM code. In this case the SSCM is used to obtain the
private password from the flash memory of the censored device. When the SSCM reads the
private password it inverts the order of {(NVPWDO, NWPWD1} so the password entered over
the serial download needs to be {NVPWD1, NVPWDO}.

3
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BAM tasks Applicable password

BAM code is being
executed
(serial boot mode)
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P
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BAM can directly
check password
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BAM can directly
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Y
Y

Start serial download 1‘
with password I‘

Figure 13. BAM censorship mode detection

The first thing to be downloaded is the 64-bit password. If the password does not match the
stored password, then the BAM code pushes the microcontroller into static mode.

The way the password is compared with either the public or private password (depending on
mode) varies depending on whether censorship is enabled as described in the following
subsections.

5.2.1.3.1 Censorship disabled (private or public passwords):
1. If the public password is used, the BAM code does a direct comparison between the
serial password and OXFEED _FACE_CAFE_BEEF.

2. If the private password is used, the BAM code does a direct comparison between the
serial password and the private password in flash memory, {NVPWDO, NVPWD1}.

3. Ifthe password does not match, the BAM code immediately terminates the download
and pushes the microcontroller into static mode.

3
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Censorship enabled (private password)

1.
2.

Since the flash is secured, the SSCM is required to read the private password.

The BAM code writes the serial password to the SSCM_PWCMPH and
SSCM_PWCMPL registers.

The BAM code then continues with the serial download (start address, data size and
data) until all the data has been copied to the SRAM.

In the meantime the SSCM has compared the private password in flash with the serial
download password the BAM code wrote into SSCM_PWCMPH and
SSCM_PWCMPL.

If the SSCM obtains a match in the passwords, the censorship is temporarily disabled
(until the next reset).

The SSCM updates the status of the security (SEC) bit to reflect whether the
passwords matched (SEC = 0) or not (SEC = 1)

Finally, the BAM code reads SEC. If SEC = 0, execution is transferred to the code in
the SRAM. If SEC = 1, the BAM code forces the microcontroller into static mode.

Figure 14 shows this in more detail.

3
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Figure 14. BAM serial boot mode flow for censorship enabled and private password

With LINFlex, any receive error will result in static mode. With FlexCAN, the host will re-
transmit data if there has been no acknowledgment from the microcontroller. However there
could be a situation where the receiver configuration has an error which would result in

static mode entry.
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Note:

5214

In a censored device booting with serial boot mode, it is possible to read the content of the
four 32-bit flash memory locations that make up the boot sector. For example, if the RCHW
is stored at address 0x0000_0000, the reads at address 0x0000_0000, 0x0000_0004,
0x0000_0008 and 0x0000_000C will return a correct value. No other flash memory
locations can be read.

Download start address, VLE bit and code size

The next 8 bytes received by the microcontroller contain a 32-bit Start Address, the VLE
mode bit and a 31-bit code Length as shown in Figure 15.

START_ADDRESS[31:16] ‘

START_ADDRESS[15:0] ‘

‘VLE‘

CODE_LENGTH[30:16] ‘

CODE_LENGTHI[15:0] ‘

Note:

5.2.1.5

126/1044

Figure 15. Start address, VLE bit and download size in bytes

The VLE bit (Variable Length Instruction) is used to indicate whether the code to be
downloaded is Book VLE or Book IlI-E. This device family supports only VLE = 1, the bit is
used for backward compatibility.

The Start Address defines where the received data will be stored and where the MCU will
branch after the download is finished. The start address is 32-bit word aligned and the 2
least significant bits are ignored by the BAM code.

The start address is configurable, but most not lie within the 0x4000_0000 to 0x4000_O00FF
address range.

The Length defines how many data bytes have to be loaded.

Download data

Each byte of data received is stored in the microcontroller’'s SRAM, starting from the
address specified in the previous protocol step.

The address increments until the number of bytes of data received matches the number of
bytes specified by the code length.

Since the SRAM is protected by 32-bit wide Error Correction Code (ECC), the BAM code
always writes bytes into SRAM grouped into 32-bit words. If the last byte received does not
fall onto a 32-bit boundary, the BAM code fills any additional bytes with 0x0.

Since the ECC on the SRAM has not been initialized (except for the bytes of data that have
just been downloaded), an additional dummy word of 0x0000_0000 is written at the end of
the downloaded data block to avoid any ECC errors during core prefetch.

3
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5.2.1.6 Execute code
The BAM code waits for the last data byte to be received. If the operating mode is censored
with a private password, then the BAM reads the SSCM status register to determine
whether the serial password matched the private password. If there was a password match
then the BAM code restores the initial configuration and transfers execution to the
downloaded code start address in SRAM. If the passwords did not match, the BAM code
forces a static mode entry.

Note: The watchdog is disabled at the start of BAM code execution. In the case of an unexpected
issue during BAM code execution, the microcontroller may be stalled and an external reset
required to recover the microcontroller.

5.2.2 LINFlex (RS232) boot

5.2.2.1 Configuration
Boot according to the LINFlex boot mode download protocol (see Section 5.2.2.2: Protocol)
is performed by the LINFlex_0 module in UART (RS232) mode. Pins used are:

e LINOTX mapped on PB[2]
e LINORX mapped on PBJ3]
Boot from LINFlex uses the system clock driven by the 4-16 MHz external crystal oscillator
(FXOSC).
The LINFlex controller is configured to operate at a baud rate = system clock frequency/833,
using an 8-bit data frame without parity bit and 1 stop bit.
Byte field
Start // DO >< D1 >< D2 >< D3 >< D4 >< D5 >< D6 >< D7 // Stop
it bit
Figure 16. LINFlex bit timing in UART mode
5.2.2.2 Protocol
Table 19 summarizes the protocol and BAM action during this boot mode.
Table 19. UART boot mode download protocol
Protocol Host sent message BAM response Action
step message

64-bit password i Password checked for validity and compared against
L (MSB first) 64-bit password stored password.
2 32-bit store address | 32-bit store address | Load address is stored for future use.

VLE bit + 31-bit VLE bit + 31-bit Size of download are stored for future use.
3 number of bytes number of bytes Verify if VLE bit is setto 1

(MSB first)

(MSB first)

3
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Table 19. UART boot mode download protocol (continued)

Protocol Host sent message BAM response Action
step message
8-bit data are packed into a 32-bit word. This word is
8 bits of raw binar 8 bits of raw binar saved into SRAM starting from the “Load address”.

4 data y data y “Load address” increments until the number of data
received and stored matches the size as specified in the
previous step.

5 None None Branch to downloaded code

5.2.3 FlexCAN boot
5.2.3.1 Configuration
Boot according to the FlexCAN boot mode download protocol (see Section 5.2.3.2:
Protocol) is performed by the FlexCAN_0 module. Pins used are:
e CANOTX mapped on PB[0]
e CANORX mapped on PBJ[1]
Note: When the serial download via FlexCAN is selected and the device is part of a CAN network,

128/1044

the serial download may stop unexpectedly if there is any other traffic on the network. To
avoid this situation, ensure that no other CAN device on the network is active during the
serial download process.

Boot from FlexCAN uses the system clock driven by the 4-16 MHz fast external crystal
oscillator.

The FlexCAN controller is configured to operate at a baud rate = system clock frequency/40
(see Table 17 for examples of baud rate).

It uses the standard 11-bit identifier format detailed in FlexCAN 2.0A specification.

FlexCAN controller bit timing is programmed with 10 time quanta, and the sample point is 2
time quanta before the end, as shown in Figure 17.

3
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/N
>< NRZ signal ( )

SYNC_SEG Time segment 1 Time segment 2
A A

1 2
time quantum time quanta time quanta
1 bit time »

Transmit point

1 time quantum = 4 system clock periods

Sample point

Figure 17. FlexCAN bit timing

5.2.3.2 Protocol
Table 20 summarizes the protocol and BAM action during this boot mode. All data are
transmitted byte wise.
Table 20. FlexCAN boot mode download protocol
Protocol Host sent message BAM response Action
step message
1 CAN ID 0x011 + CAN ID 0x001 + Password checked for validity and compared against
64-bit password 64-bit password stored password
CAN ID 0x012 + 32- | CAN ID 0x002 + 32- Load address is stored for future use.
5 bit store address + | bit store address + Size of download are stored for future use.
VLE bit + 31-bit VLE bit + 31-hit Verify if VLE bitis setto 1
number of bytes number of bytes
8-bit data are packed into 32-bit words. These words are
CAN ID 0x013 + CAN ID 0x003 + saved into SRAM starting from the “Load address”.
3 8 to 64 bits of raw 8 to 64 bits of raw “Load address” increments until the number of data
binary data binary data received and stored matches the size as specified in the
previous step.
5 None None Branch to downloaded code

3
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5.3

5.3.1

System Status and Configuration Module (SSCM)

Introduction

The primary purpose of the SSCM is to provide information about the current state and
configuration of the system that may be useful for configuring application software and for
debug of the system.

On microcontrollers with a separate STANDBY power domain, the System Status block is
part of that domain.

System Status and Configuration Module
RevID
Hardmacro
Core i
Logic
<>
Bus
Interface 4—

System i

Status

<> Password

Comparator

>

Peripheral
Bus
Interface

5.3.2

130/1044

Figure 18. SSCM block diagram

Features

The SSCM includes these features:

System Configuration and Status
—  Memory sizes/status

—  Microcontroller Mode and Security Status (including censorship and serial boot

information)
—  Search Code Flash for bootable sector
—  Determine boot vector
Device identification information (MCU ID Registers)
Debug Status Port enable and selection
Bus and peripheral abort enable/disable
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5.3.3 Modes of operation
The SSCM operates identically in all system modes.
534 Memory map and register description
Table 21 shows the memory map for the SSCM. Note that all addresses are offsets; the
absolute address may be calculated by adding the specified offset to the base address of
the SSCM.
Table 21. SSCM memory map
Address offset Register Location
0x00 System Status Register (SSCM_STATUS) on page 131
0x02 System Memory Configuration Register (SSCM_MEMCONFIG) on page 132
0x04 Reserved
0x06 Error Configuration (SSCM_ERROR) on page 133
0x08 Debug Status Port Register (SSCM_DEBUGPORT) on page 134
O0x0A Reserved
0x0C Password Comparison Register High Word (SSCM_PWCMPH) on page 136
0x10 Password Comparison Register Low Word (SSCM_PWCMPL) on page 136
All registers are accessible via 8-bit, 16-bit or 32-bit accesses. However, 16-bit accesses
must be aligned to 16-bit boundaries, and 32-bit accesses must be aligned to 32-bit
boundaries. As an example, the SSCM_STATUS register is accessible by a 16-bit
read/write to address ‘Base + 0x0002’, but performing a 16-bit access to ‘Base + 0x0003’ is
illegal.
5.34.1 System Status Register (SSCM_STATUS)
The System Status register is a read-only register that reflects the current state of the
system.
Offset:0x00 Access: Read
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
z
R| O 0 0 0 ';'<J PUB|SEC| O BMODE 0 0 0 0 0
z
W
Reset O 0 0 0 0 0 0 0 0/1 0/1 01 0 0 0 0 0

3

Figure 19. System Status Register (SSCM_STATUS)
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Table 22. SSCM_STATUS allowed register accesses

Access type 8-bit 16-bit 32-bit®
Read Allowed Allowed Allowed
Write Not allowed Not allowed Not allowed

1. All 32-bit accesses must be aligned to 32-bit addresses (i.e., 0x0, 0x4, 0x8 or 0xC).

Table 23. SSCM_STATUS field descriptions

Field Description

NXEN Nexus enabled

Public Serial Access Status. This bit indicates whether serial boot mode with public password is
allowed.

1 Serial boot mode with public password is allowed

0 Serial boot mode with private flash memory password is allowed

PUB

Security Status. This bit reflects the current security state of the flash memory.

SEC 1 The flash memory is secured.
0 The flash memory is not secured.

Device Boot Mode

000 Reserved

001 FlexCAN_0 Serial Boot Loader
010 LINFlex_0 Serial Boot Loader
011 Single Chip

100 Reserved

101 Reserved

110 Reserved

111 Reserved

This field is only updated during reset.

BMODE

5.34.2 System Memory Configuration Register (SSCM_MEMCONFIG)

The System Memory Configuration register is a read-only register that reflects the memory
configuration of the system.

Offset: 0x02 Access: Read
5 6 7 ‘ 8 9 10 1 ‘ 12 13 14 15
Rl O 0 0 0 0 PRSZ PVLB DTSz DVLD
W || | ||
Reset X X X X X X X X X X 1 X X X X 1

Figure 20. System Memory Configuration Register (SSCM_MEMCONFIG)

3
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Table 24. SSCM_MEMCONFIG field descriptions

Field

Description

PRSZ

Code Flash Size
10000 128 KB
10001 256 KB
10010 384 KB
10011 512 KB
10101768 KB
101111 MB
110111.5 MB

PVLB

Code Flash Available
This bit identifies whether or not the on-chip code Flash is available in the system memory map. The
Flash may not be accessible due to security limitations, or because there is no Flash in the system.

1 Code Flash is available
0 Code Flash is not available

DTSz

Data Flash Size
0000 No Data Flash
0011 64 KB

DVLD

Data Flash Valid

This bit identifies whether or not the on-chip Data Flash is visible in the system memory map. The
Flash may not be accessible due to security limitations, or because there is no Flash in the system.
1 Data Flash is visible

0 Data Flash is not visible

Table 25. SSCM_MEMCONFIG allowed register accesses

Access type 8-bit 16-bit 32-bit
Allowed
Read Allowed Allowed (also reads SSCM_STATUS
register)
Write Not allowed Not allowed Not allowed
5.3.4.3 Error Configuration (SSCM_ERROR)
The Error Configuration register is a read-write register that controls the error handling of
the system.
Offset: 0x06 Access: Read/write
10 1 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0
PAE | RAE
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 21. Error Configuration (SSCM_ERROR)
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Table 26. SSCM_ERROR field descriptions

Field Description

Peripheral Bus Abort Enable

This bit enables bus aborts on any access to a peripheral slot that is not used on the device. This
PAE feature is intended to aid in debugging when developing application code.

1 lllegal accesses to non-existing peripherals produce a Prefetch or Data Abort exception

0 lllegal accesses to non-existing peripherals do not produce a Prefetch or Data Abort exception

Register Bus Abort Enable

This bit enables bus aborts on illegal accesses to off-platform peripherals. lllegal accesses are defined
as reads or writes to reserved addresses within the address space for a particular peripheral. This
feature is intended to aid in debugging when developing application code.

RAE
1 lllegal accesses to peripherals produce a Prefetch or Data Abort exception
0 lllegal accesses to peripherals do not produce a Prefetch or Data Abort exception
Transfers to Peripheral Bus resources may be aborted even before they reach the Peripheral Bus (that
is, at the PBRIDGE level). In this case, bits PAE and RAE will have no effect on the abort.
Table 27. SSCM_ERROR allowed register accesses
Access type 8-bit 16-bit 32-bit
Read Allowed Allowed Allowed
Write Allowed Allowed Not allowed

5.3.4.4 Debug Status Port Register (SSCM_DEBUGPORT)

The Debug Status Port register is used to (optionally) provide debug data on a set of pins.

Offset: 0x08 Access: Read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0
DEBUG_MODE
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 22. Debug Status Port Register (SSCM_DEBUGPORT)

3
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Table 28. SSCM_DEBUGPORT field descriptions

Field Description
Debug Status Port Mode
This field selects the alternate debug functionality for the Debug Status Port.
000 No alternate functionality selected
001 Mode 1 selected
010 Mode 2 selected
DEBUG_MODE [011 Mode 3 selected
100 Mode 4 selected
101 Mode 5 selected
110 Mode 6 selected
111 Mode 7 selected
Table 29 describes the functionality of the Debug Status Port in each mode.
Table 29. Debug status port modes
F()g] Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 | Mode 6 | Mode7
0 SSCM_STATU | SSCM_STATU | SSCM_MEMCONFI | SSCM_MEMCONFI Reserved | Reserved | Reserved
S[0] S[8] G[0] G[8]
1 SSCM_STATU | SSCM_STATU | SSCM_MEMCONFI | SSCM_MEMCONFI Reserved | Reserved | Reserved
S[1] S[9] G[1] G[9]
5 SSCM_STATU | SSCM_STATU | SSCM_MEMCONFI | SSCM_MEMCONFI Reserved | Reserved | Reserved
S[2] S[10] G[2] G[10]
3 SSCM_STATU | SSCM_STATU | SSCM_MEMCONFI | SSCM_MEMCONFI Reserved | Reserved | Reserved
S[3] S[11] G[3] G[11]
4 SSCM_STATU | SSCM_STATU | SSCM_MEMCONFI | SSCM_MEMCONFI Reserved | Reserved | Reserved
S[4] S[12] G[4] G[12]
5 SSCM_STATU | SSCM_STATU | SSCM_MEMCONFI | SSCM_MEMCONFI Reserved | Reserved | Reserved
S[5] S[13] G[5] G[13]
6 SSCM_STATU | SSCM_STATU | SSCM_MEMCONFI | SSCM_MEMCONFI Reserved | Reserved | Reserved
S[6] S[14] G[6] G[14]
7 SSCM_STATU | SSCM_STATU | SSCM_MEMCONFI | SSCM_MEMCONFI Reserved | Reserved | Reserved
S[7] S[15] G[7] G[15]
1. All signals are active high, unless otherwise noted
PIN[O...7] referred to in Table 29 equates to PC[2...9] (Pad 34...41).
Table 30. SSCM_DEBUGPORT allowed register accesses
Access type 8-bit 16-bit 32-bit®
Read Allowed Allowed Not allowed
Write Allowed Allowed Not allowed
1. All 32-bit accesses must be aligned to 32-bit addresses (i.e., 0x0, 0x4, 0x8 or 0xC).
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5.3.4.5 Password comparison registers
These registers provide a means for the BAM code to unsecure the device via the SSCM if
the password has been provided via serial download.
Figure 23. Password Comparison Register High Word (SSCM_PWCMPH)
Offset: Ox0C Access: Read/write
0 3 6 7 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W PWD_HI[31:16]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W PWD_HI[15:0]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 24. Password Comparison Register Low Word (SSCM_PWCMPL)
Offset: 0x10 Access: Read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W PWD_LO[31:16]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W PWD_LO[15:0]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 31. Password Comparison Register field descriptions
Field Description
PWD_HI Upper 32 bits of the password
PWD_LO Lower 32 bits of the password
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Table 32. SSCM_PWCMPH/L allowed register accesses

Access type 8-bit 16-bit 32-bit®
Read Allowed Allowed Allowed
Write Not allowed Not allowed Allowed

1. All 32-bit accesses must be aligned to 32-bit addresses (i.e., 0x0, 0x4, 0x8 or 0xC).

In order to unsecure the device, the password needs to be written as follows: first the upper
word to the SSCM_PWCMPH register, then the lower word to the SSCM_PWCMPL
register. The SSCM compares the 64-bit password entered into the SSCM_PWCMPH /
SSCM_PWCMPL registers with the NVPWM][1,0] private password stored in the shadow
flash. If the passwords match then the SSCM temporarily uncensors the microcontroller.

3
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Clock Description

This chapter describes the clock architectural implementation for SPC560B54/6x.

Clock architecture

System clocks are generated from three sources:

e Fast external crystal oscillator 4-16 MHz (FXOSC)
e Fastinternal RC oscillator 16 MHz (FIRC)

e  Frequency modulated phase locked loop (FMPLL)
Additionally, there are two low power oscillators:

e  Slow internal RC oscillator 128 kHz (SIRC)

e  Slow external crystal oscillator 32 KHz (SXOSC)

The clock architecture is shown in Figure 25.
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Figure 25. SPC560B54/6x system clock generation
6.2 Clock gating

3

The SPC560B54/6x provides the user with the possibility of gating the clock to the
peripherals. Table 33 describes for each peripheral the associated gating register address.
See the ME_PCTLn section in this reference manual.

Additionally, peripheral set (1, 2 or 3) frequency can be configured to be an integer (1 to 16)
divided version of the main system clock. See the CGM_SC_DCO section in this reference

manual for details.
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Table 33. SPC560B54/6x — Peripheral clock sources
Peripheral Register gating address offset Peripheral set®
(base = 0xC3FDCOCO)W
RPP_Z0H Platform none (managed through ME mode) —
DSPI_n 4+n (n =0..5) 2
FlexCAN_n 16+n (n = 0..5) 2
ADC 0 32 3
ADC 1 33 3
1’c 44 1
LINFLEX_n 48+n (n=0..7) 1
LINFLEX_8 12 1
LINFLEX_9 13 1
CTU 57 3
CANS 60 —
SIUL 68 —
WKUP 69 —
eMIOS_n 72+n (n =0...1) 3
RTC/API 91 —
PIT 92 —
CMuU 104 —
1. Seethe ME_PCTL section in this reference manual for details.
2. “—"means undivided system clock.
6.3 Fast external crystal oscillator (FXOSC) digital interface

The FXOSC digital interface controls the operation of the 4-16 MHz fast external crystal
oscillator (FXOSC). It holds control and status registers accessible for application.

6.3.1

Main features

e  Oscillator powerdown control and status reporting through MC_ME block
e  Oscillator clock available interrupt
e  Oscillator bypass mode

e  Output clock division factors ranging from 1, 2, 3....32

6.3.2

Functional description

The FXOSC circuit includes an internal oscillator driver and an external crystal circuitry. It
provides an output clock that can be provided to the FMPLL or used as a reference clock to
specific modules depending on system needs.

140/1044
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The FXOSC can be controlled by the MC_ME module. The ME_xxx_MC[FXOSCON] bit
controls the powerdown of the oscillator based on the current device mode while
ME_GS[S_XOSC] register provides the oscillator clock available status.

After system reset, the oscillator is put into powerdown state and software has to switch on
when required. Whenever the crystal oscillator is switched on from the off state, the
OSCCNT counter starts and when it reaches the value EOCV[7:0]x512, the oscillator clock
is made available to the system. Also, an interrupt pending FXOSC_CTL[l_OSC] bit is set.
An interrupt is generated if the interrupt mask bit M_OSC is set.

The oscillator circuit can be bypassed by setting FXOSC_CTL[OSCBYP]. This bit can only
be set by software. A system reset is needed to reset this bit. In this bypass mode, the
output clock has the same polarity as the external clock applied on the EXTAL pin and the
oscillator status is forced to ‘1’. The bypass configuration is independent of the powerdown
mode of the oscillator.

Table 34 shows the truth table of different oscillator configurations.

Table 34. Truth table of crystal oscillator

ME_xxx_MC[FXOSCON] | FXOSC_CTL[OSCBYP] XTAL EXTAL FXOSsC Oscillator mode
No crystal, | No crystal,
0 0 High Z High Z 0 Powerdown, IDDQ
X 1 X Extclock | EXTAL Bypass, OSC
disabled
Normal, OSC
Crystal Crystal EXTAL enabled
1 0
Gnd Extclock | EXTAL Normal, OSC
enabled

3

The FXOSC clock can be further divided by a configurable factor in the range 1 to 32 to
generate the divided clock to match system requirements. This division factor is specified by
FXOSC_CTL[OSCDIV] field.
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6.3.3 Register description
Address: 0xC3FE_0000 Access: Special read/write
0 1 2 3 4 5 6 7 8 9 10 11 | 12 13 14 15
a
R E 0 0 0 0 0 0 0
8 EOCV
Wl &%
O
RESET: o 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
6 17 18 19 | 20 21 22 23 | 24 25 26 27 | 28 29 30 31
R 8 0 0 % 0 0 0 0 0 0 0
OI OSCDIV 8
Wi s 2
RESET: o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 26. Fast External Crystal Oscillator Control Register (FXOSC_CTL)
You can read this field, and you can write a value of “1” to it. Writing a “0” has no effect. A reset will also clear this bit.

2. You can write a value of "0" or "1" to this field. However, writing a "1" will clear this field, and writing "0" will have no effect on

the field value.

Table 35. FXOSC_CTL field descriptions

Field

Description

OSCBYP

Crystal Oscillator bypass.
This bit specifies whether the oscillator should be bypassed or not.

0 Oscillator output is used as root clock
1 EXTAL is used as root clock

EOCV

End of Count Value.

These bits specify the end of count value to be used for comparison by the oscillator stabilization
counter OSCCNT after reset or whenever it is switched on from the off state (OSCCNT runs on
the FXOSC). This counting period ensures that external oscillator clock signal is stable before it
can be selected by the system. When oscillator counter reaches the value EOCV x 512, the
crystal oscillator clock interrupt (I_OSC) request is generated. The OSCCNT counter will be kept
under reset if oscillator bypass mode is selected.

M_OSC

Crystal oscillator clock interrupt mask.

0 Crystal oscillator clock interrupt is masked.
1 Crystal oscillator clock interrupt is enabled.

OSCDIV

Crystal oscillator clock division factor.

This field specifies the crystal oscillator output clock division factor. The output clock is divided by
the factor OSCDIV+1.

|_OSC

Crystal oscillator clock interrupt.
This bit is set by hardware when OSCCNT counter reaches the count value EOCV x 512.

0 No oscillator clock interrupt occurred.
1 Oscillator clock interrupt pending.
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6.4 Slow external crystal oscillator (SXOSC) digital interface
6.4.1 Introduction

The SXOSC digital interface controls the operation of the 32 KHz slow external crystal

oscillator (SXOSC). It holds control and status registers accessible for application.
6.4.2 Main features

e  Oscillator powerdown control and status

e  Oscillator clock available interrupt

e  Oscillator bypass mode

e  Output clock division factors ranging from 1 to 32
6.4.3 Functional description

The SXOSC circuit includes an internal oscillator driver and an external crystal circuitry. It
can be used as a reference clock to specific modules depending on system needs.

The SXOSC can be controlled via the SXOSC_CTL register. The OSCON bit controls the
powerdown while bit S_OSC provides the oscillator clock available status.

After system reset, the oscillator is put to powerdown state and software has to switch on
when required. Whenever the SXOSC is switched on from off state, the OSCCNT counter
starts and when it reaches the value EOCV[7:0]x512, the oscillator clock is made available
to the system. Also, an interrupt pending SXOSC_CTL[l_OSC] bit is set. An interrupt will be
generated if the interrupt mask bit M_OSC is set.

The oscillator circuit can be bypassed by writing SXOSC_CTL[OSCBYP] bit to ‘1’. This bit

can only be set by software. A system reset is needed to reset this bit. In this bypass mode,
the output clock has the same polarity as the external clock applied on the OSC32K_EXTAL
pin and the oscillator status is forced to ‘1’. The bypass configuration is independent of the
powerdown mode of the oscillator.

Table 36 shows the truth table of different configurations of the oscillator.

Table 36. SXOSC truth table

SXOSC_CTL fields
OSC32K_XTAL | OSC32K_EXTAL SXOSC Oscillator MODE
OSCON | OSCBYP
0 0 No crystal, High Z | No crystal, High Z 0 Powerdown, IDDQ
X 1 X External clock OSC32K_EXTAL Bypass, OSC disabled
Crystal Crystal OSC32K_EXTAL Normal, OSC enabled
1 0
Ground External clock OSC32K_EXTAL Normal, OSC enabled

3

The SXOSC clock can be further divided by a configurable factor in the range 1 to 32 to
generate the divided clock to match system requirements. This division factor is specified by
SXOSC_CTL[OSCDIV] field.
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6.4.4 Register description
Address: OxC3FE_0040 Access: Special read/write
0 1 2 3 4 5 6 7 8 9 10 11 | 12 13 14 15
a
R E 0 0 0 0 0 0 0
8 EOCV
Wi @
O
RESET. ¢ 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
6 17 18 19 | 20 21 22 23 | 24 25 26 27 | 28 29 30 31
8 3
Rl @ | o] o Sl o0olojojolo|o]|d
o, OSCDIV 2 o 3
wl = Z o}
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 27. Slow External Crystal Oscillator Control Register (SXOSC_CTL)

1. You can read this field, and you can write a value of “1” to it. Writing a “0” has no effect. A reset will also clear this bit.

2. You can write a value of "0" or "1" to this field. However, writing a "1" will clear this field, and writing "0" will have no effect on

the field value.

Table 37. SXOSC_CTL field descriptions

Field Description
Crystal Oscillator bypass.
OSCBYP This bit specifies whether the oscillator should be bypassed or not.
0 Oscillator output is used as root clock.
1 OSC32K_EXTAL is used as root clock.
End of Count Value.
This field specifies the end of count value to be used for comparison by the oscillator stabilization
counter OSCCNT after reset or whenever it is switched on from the off state. This counting period
EOCV ensures that external oscillator clock signal is stable before it can be selected by the system.
When oscillator counter reaches the value EOCV x 512, the crystal oscillator clock interrupt
(I_OSC) request is generated. The OSCCNT counter will be kept under reset if oscillator bypass
mode is selected.
Crystal oscillator clock interrupt mask.
M_OSC 0 Crystal oscillator clock interrupt is masked.
1 Crystal oscillator clock interrupt is enabled.
Crystal oscillator clock division factor.
OSCDIV This field specifies the crystal oscillator output clock division factor. The output clock is divided by
the factor OSCDIV + 1.
Crystal oscillator clock interrupt.
| OSC This field is set by hardware when OSCCNT counter reaches the count value EOCV x 512.
- 0 No oscillator clock interrupt occurred.
1 Oscillator clock interrupt pending.
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Table 37. SXOSC_CTL field descriptions (continued)
Field Description
Crystal oscillator status.
S_0SsC 0 Crystal oscillator output clock is not stable.
1 Crystal oscillator is providing a stable clock.
Crystal oscillator enable.
OSCON 0 Crystal oscillator is switched off.
1 Crystal oscillator is switched on.
Note: The 32 KHz slow external crystal oscillator is by default always ON, but can be configured
OFF in standby by setting the OSCON bit.
6.5 Slow internal RC oscillator (SIRC) digital interface
6.5.1 Introduction
The SIRC digital interface controls the 128 kHz slow internal RC oscillator (SIRC). It holds
control and status registers accessible for application.
6.5.2 Functional description

3

The SIRC provides a low frequency (fgrc) clock of 128 kHz requiring very low current
consumption. This clock can be used as the reference clock when a fixed base time is
required for specific modules.

SIRC is always on in all device modes except STANDBY mode. In STANDBY mode, it is
controlled by SIRC_CTL[SIRCON_STDBY] bit. The clock source status is updated in
SIRC_CTL[S_SIRC] hit.

The SIRC clock can be further divided by a configurable division factor in the range from 1
to 32 to generate the divided clock to match system requirements. This division factor is
specified by SIRC_CTL[SIRCDIV] bits.

The SIRC output frequency can be trimmed using SIRC_CTL[SIRCTRIM]. After a power-on
reset, the SIRC is trimmed using a factory test value stored in test flash memory. However,
after a power-on reset the test flash memory value is not visible at SIRC_CTL[SIRCTRIM]
and this field shows a value of zero. Therefore, be aware that the SIRC_CTL[SIRCTRIM]
does not reflect the current trim value until you have written to this field. Pay particular
attention to this feature when you initiate a read-modify-write operation on SIRC_CTL,
because a SIRCTRIM value of zero may be unintentionally written back and this may alter
the SIRC frequency. In this case, you should calibrate the SIRC using the CMU or be sure
that you only write to the upper 16 bits of this SIRC_CTL.

In this oscillator, two's complement trimming method is implemented. So the trimming code
increases from —16 to 15. As the trimming code increases, the internal time constant
increases and frequency reduces. Please refer to device datasheet for average frequency
variation of the trimming step.
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6.5.3 Register description
Address: 0xC3FE_0080 Access: Read/write
1 3 4 5 6 7 8 9 10 1 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0
SIRCTRIM
w
RESET. O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
O >
@ o
R| O 0 0 0 0 0 ) 0 0 0 E
0 n
SIRCDIV !
S
W &
n
RESET: O 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
Figure 28. Low Power RC Control Register (SIRC_CTL)
Table 38. SIRC_CTL field descriptions
Field Description
SIRC trimming bits.
This field corresponds (via two's complement) to a trim factor of —16 to +15.
SIRCTRIM A +1 change in SIRCTRIM decreases the current frequency by Agirctriv (S€€ the device
data sheet).
A -1 change in SIRCTRIM increases the current frequency by Agirctrim (S€€ the device data
sheet).
SIRC clock division factor.
SIRCDIV This field specifies the SIRC oscillator output clock division factor. The output clock is divided
by the factor SIRCDIV+1.
SIRC clock status.
S_SIRC 0 SIRC is not providing a stable clock.

1 SIRC is providing a stable clock.

SIRCON_STDBY

SIRC control in STANDBY mode.

0 SIRC is switched off in STANDBY mode.
1 SIRC is switched on in STANDBY mode.

6.6 Fast internal RC oscillator (FIRC) digital interface

6.6.1 Introduction

The FIRC digital interface controls the 16 MHz fast internal RC oscillator (FIRC). It holds
control and status registers accessible for application.
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6.6.2

3

Functional description

The FIRC provides a high frequency (fgjrc) clock of 16 MHz. This clock can be used to

accelerate the exit from reset and wakeup sequence from low power modes of the system.
It is controlled by the MC_ME module based on the current device mode. The clock source
status is updated in ME_GS[S_RC]. Please refer to the MC_ME chapter for further details.

The FIRC can be further divided by a configurable division factor in the range from 1 to 32 to
generate the divided clock to match system requirements. This division factor is specified by
RC_CTL[RCDIV] bits.

The FIRC output frequency can be trimmed using FIRC_CTL[FIRCTRIM]. After a power-on
reset, the FIRC is trimmed using a factory test value stored in test flash memory. However,
after a power-on reset the test flash memory value is not visible at FIRC_CTL[FIRCTRIM],
and this field will show a value of zero. Therefore, be aware that the FIRC_CTL[FIRCTRIM]
field does not reflect the current trim value until you have written to it. Pay particular
attention to this feature when you initiate a read-modify-write operation on FIRC_CTL,
because a FIRCTRIM value of zero may be unintentionally written back and this may alter
the FIRC frequency. In this case, you should calibrate the FIRC using the CMU or ensure
that you write only to the upper 16 bits of this FIRC_CTL.

In this oscillator, two's complement trimming method is implemented. So the trimming code
increases from —32 to 31. As the trimming code increases, the internal time constant
increases and frequency reduces. Please refer to device datasheet for average frequency
variation of the trimming step.

During STANDBY mode entry process, the FIRC is controlled based on
ME_STANDBY_MC[RCON] bit. This is the last step in the standby entry sequence. On any
system wake-up event, the device exits STANDBY mode and switches on the FIRC. The
actual powerdown status of the FIRC when the device is in standby is provided by
RC_CTL[FIRCON_STDBY] hit.
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6.6.3 Register description

Address: OxC3FE_0060 Access: Read/write
1 3 4 5 6 7 8 9 10 1 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0
FIRCTRIM
w
RESET. o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl o | 0| o0 ol o|&@|o0o|o|o| oo
[a)
|_
FIRCDIV o
w 5
O
o
[
RESET: o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 29. FIRC Oscillator Control Register (FIRC_CTL)
Table 39. FIRC_CTL field descriptions
Field Description
FIRC trimming bits.
This field corresponds (via two’s complement) to a trim factor of —16 to +15.
FIRCTRIM A +1 change in FIRCTRIM decreases the current frequency by Agrctriv (S€€ the device data
sheet).
A -1 change in SIRCTRIM increases the current frequency by AgrcTriv (S€€ the device data
sheet).
FIRC clock division factor.
FIRCDIV This field specifies the FIRC oscillator output clock division factor. The output clock is divided

by the factor FIRCDIV+1.

FIRCON_STDBY

FIRC control in STANDBY mode.

0 FIRC is switched off in STANDBY mode.
1 FIRC isin STANDBY mode.

6.7 Frequency-modulated phase-locked loop (FMPLL)

6.7.1 Introduction

This section describes the features and functions of the FMPLL module implemented in the
device.
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6.7.2 Overview
The FMPLL enables the generation of high speed system clocks from a common 4-16 MHz
input clock. Further, the FMPLL supports programmable frequency modulation of the
system clock. The FMPLL multiplication factor and output clock divider ratio are all software
configurable.
SPC560B54/6x has one FMPLL that can generate the system clock and takes advantage of
the FM mode.
Note: The user must take care not to program device with a frequency higher than allowed (no
hardware check).
The FMPLL block diagram is shown in Figure 30.
FXOSC R Egﬂge | R PHI
—— » DF BUFFER > ow Pass » VCO » ODF ——»
Filter
A
NDIV
Loop <
Frequency
Divider
Figure 30. FMPLL block diagram
6.7.3 Features

3

The FMPLL has the following major features:
e Input clock frequency 4 MHz — 16 MHz
e \oltage controlled oscillator (VCO) range from 256 MHz to 512 MHz

e  Frequency divider (FD) for reduced frequency operation without forcing the FMPLL to
relock

e  Frequency modulated FMPLL
—  Modulation enabled/disabled through software
—  Triangle wave modulation
e  Programmable modulation depth
—  20.25% to +4% deviation from center spread frequency(g)
—  —0.5% to +8% deviation from down spread frequency
—  Programmable modulation frequency dependent on reference frequency
e  Self-clocked mode (SCM) operation
e 4 available modes
— Normal mode
—  Progressive clock switching
— Normal mode with frequency modulation
—  Powerdown mode

g. Spread spectrum should be programmed in line with maximum datasheet frequency figures.
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6.7.4 Memory map(h)
Table 40 shows the memory map of the FMPLL.

Table 40. FMPLL memory map

Base address: OxC3FE_00AO

Address offset Register Location
0x0 Control Register (CR) on page 150
Ox4 Modulation Register (MR) on page 152

6.7.5 Register description

The FMPLL operation is controlled by two registers. Those registers can be accessed and
written in supervisor mode only.

6.7.5.1 Control Register (CR)

Offset: 0x0 Access: Supervisor read/write
0 1 2 3 ‘ 4 5 6 7 8 9 10 1 12 13 14 15
R O 0 0
IDF ODF NDIV
W
Reset 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
| Q
- 5| 3
2 O <1512 |5
n
R olo|o]olo|lo]|o o | x| ol | o] 3| 2|1
3 S = - = g
a 9 - n < [
| L |
zZ z I -
w -] j o
o
W wlc wlc
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Figure 31. Control Register (CR)
Table 41. CR field descriptions
Field Description
IDF The value of this field sets the FMPLL input division factor as described in Table 42.
ODF The value of this field sets the FMPLL output division factor as described in Table 43.
NDIV The value of this field sets the FMPLL loop division factor as described in Table 44.

h. FMPLL_x are mapped through the ME_CGM register slot.

3
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Table 41. CR field descriptions (continued)

Field Description
This bit is used to enable progressive clock switching. After the PLL locks, the PLL output
initially is divided by 8, and then progressively decreases until it reaches divide-by-1.
EN_PLL_SW 0 Progressive clock switching disabled.

1 Progressive clock switching enabled.

Note: Progressive clock switching should not be used if a non-changing clock is needed, such
as for serial communications, until the division has finished.

UNLOCK_ONCE

This bit is a sticking indication of FMPLL loss of lock condition. UNLOCK_ONCE is set when
the FMPLL loses lock. Whenever the FMPLL reacquires lock, UNLOCK_ONCE remains set.
Only a power-on reset clears this bit.

I_LOCK This bit is set by hardware whenever there is a lock/unlock event.
This bit is an indication of whether the FMPLL has acquired lock.
0: FMPLL unlocked

S_LOCK

1. FMPLL locked

PLL_FAIL_MASK

This bit is used to mask the pll_fail output.

0 pll_fail not masked.
1 pll_fail masked.

PLL_FAIL_FLAG

This bit is asynchronously set by hardware whenever a loss of lock event occurs while FMPLL
is switched on. It is cleared by software writing ‘1.

Table 42. Input divide ratios

IDF[3:0] Input divide ratios
0000 Divide by 1
0001 Divide by 2
0010 Divide by 3
0011 Divide by 4
0100 Divide by 5
0101 Divide by 6
0110 Divide by 7
0111 Divide by 8
1000 Divide by 9
1001 Divide by 10
1010 Divide by 11
1011 Divide by 12
1100 Divide by 13
1101 Divide by 14
1110 Divide by 15
1111 Clock Inhibit
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Table 43. Output divide ratios

ODF[1:0] Output divide ratios
00 Divide by 2
01 Divide by 4
10 Divide by 8
11 Divide by 16
Table 44. Loop divide ratios
NDIV[6:0] Loop divide ratios

0000000-0011111

0100000 Divide by 32
0100001 Divide by 33
0100010 Divide by 34
1011111 Divide by 95
1100000 Divide by 96

1100001-1111111

6.7.5.2 Modulation Register (MR)

Offset: 0x4 Access: Supervisor read/write
0 1 2 3 4 5 6 7 8 9 10 11 | 12 13 14 15
R @ | 0|
< w
I~ 7]
o A MOD_PERIOD
W[ o T
o n
}_
n
RESET: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl &
I INC_STEP
w| 2
RESET: o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 32. Modulation Register (MR)
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Table 45. MR field descriptions

Field

Description

STRB_BYPASS

Strobe bypass.

The STRB_BYPASS signal is used to bypass the strobe signal used inside FMPLL to latch the

correct values for control bits (INC_STEP, MOD_PERIOD and SPRD_SEL).

0 Strobe is used to latch FMPLL modulation control bits

1 Strobe is bypassed. In this case control bits need to be static. The control bits must be changed
only when FMPLL is in powerdown mode.

SPRD_SEL

Spread type selection.
The SPRD_SEL controls the spread type in Frequency Modulation mode.

0 Center SPREAD
1 Down SPREAD

MOD_PERIOD

Modulation period.

The MOD_PERIOD field is the binary equivalent of the value modperiod derived from following
formula:

fref

modperiod= I

mod
where:

frer: represents the frequency of the feedback divider
fmod: represents the modulation frequency

FM_EN

Frequency Modulation Enable. The FM_EN enables the frequency modulation.

0 Frequency modulation disabled
1 Frequency modulation enabled

INC_STEP

Increment step.
The INC_STEP field is the binary equivalent of the value incstep derived from following formula:

(2"°_1)x md x MDF )

incstep = found(loo x 5x MODPERIOD
where:

md: represents the peak modulation depth in percentage (Center spread -- pk-pk=+/-md,
Downspread -- pk-pk=-2xmd)
MDF: represents the nominal value of loop divider (CR[NDIV])

6.7.6 Functional description

6.7.6.1 Normal mode

In Normal Mode the FMPLL inputs are driven by the CR. This means that, when the FMPLL
is in lock state, the FMPLL output clock (PHI) is derived by the reference clock (CLKIN)
through this relation:

3

._ clkin-NDIV
Phi= 4 DF - ODF
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where the value of IDF, NDIV and ODF are set in the CR and can be derived from Table 42,

Table

43 and Table 44.

Table 46. FMPLL lookup table

Crystal requency || FMPLL output e velues VGO frequency (WHo)
IDF ODF NDIV
32 0 2 32 256
8 64 0 2 64 512
80 0 1 40 320
32 1 2 32 256
16 64 1 2 64 512
80 1 1 40 320
32 4 2 32 256
40 64 4 2 64 512
80 3 1 32 320

6.7.6.2 Progressive clock switching

Progressive clock switching allows to switch the system clock to FMPLL output clock
stepping through different division factors. This means that the current consumption
gradually increases and, in turn, voltage regulator response is improved.

This feature can be enabled by programming CR[EN_PLL_SW] bit. When enabled, the
system clock is switched to divided PHI. The FMPLL_clk divider is then progressively
decreased to the target divider as shown in Table 47.

Table 47. Progressive clock switching on pll_select rising edge

Number of FMPLL output clock cycles

FMPLL_clk frequency
(FMPLL output clock frequency)

8 (FMPLL output clock frequency)/8

16 (FMPLL output clock frequency)/4

32 (FMPLL output clock frequency)/2
onward FMPLL output clock frequency

Figure 33. FMPLL output clock division flow during progressive switching

FMPLL output clock ———»

Division factors of 8, 4, 2 or 1

———» FMPLL_clk
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6.7.6.3

Note:

Normal mode with frequency modulation

The FMPLL default mode is without frequency modulation enabled. When frequency
modulation is enabled, however, two parameters must be set to generate the desired level
of modulation: the PERIOD, and the STEP. The modulation waveform is always a triangle
wave and its shape is not programmable.

FM mode is activated in two steps:
1. Configure the FM mode characteristics: MOD_PERIOD, INC_STEP.

2. Enable the FM mode by programming bit FM_EN of the MR to ‘1’. FM mode can only
be enabled when FMPLL is in lock state.

There are two ways to latch these values inside the FMPLL, depending on the value of bit
STRB_BYPASS in the MR.

If STRB_BYPASS is low, the modulation parameters are latched in the FMPLL only when
the strobe signal goes high for at least two cycles of CLKIN clock. The strobe signal is
automatically generated in the FMPLL digital interface when the modulation is enabled
(FM_EN goes high) if the FMPLL is locked (S_LOCK = 1) or when the modulation has been
enabled (FM_EN = 1) and FMPLL enters lock state (S_LOCK goes high).

If STRB_BYPASS is high, the strobe signal is bypassed. In this case, control bits
(MOD_PERIOD[12:0], INC_STEP[14:0], SPREAD_CONTROL) need to be static or
hardwired to constant values. The control bits must be changed only when the FMPLL is in
powerdown mode.

The modulation depth in % is

ModulationDepth = (100x5><INCSTEPXMODPERIOD)

(2°~1)x MDF

The user must ensure that the product of INCTEP and MODPERIOD is less than (21°-1).

Frequency
A

Center Spread

_______ \/ e VA

\

Down Spread

FO

FO

3

Figure 34. Frequency modulation
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6.7.6.4

6.7.7

6.8

6.8.1

6.8.2

156/1044

Powerdown mode

To reduce consumption, the FMPLL can be switched off when not required by programming
the registers ME_x_MC on the MC_ME module.

Recommendations

To avoid any unpredictable behavior of the FMPLL clock, it is recommended to follow these
guidelines:

e The FMPLL VCO frequency should reside in the range 256 MHz to 512 MHz. Care is
required when programming the multiplication and division factors to respect this
requirement.

e  Once the PLL has been locked, only the output divider can be changed.

e  Use progressive clock switching if system clock changes are required while the PLL is
being used as the system clock source. MOD_PERIOD, INC_STEP, SPREAD_SEL
bits should be modified before activating the FM mode. Then strobe has to be
generated to enable the new settings. If STRB_BYP is set to 1 then MOD_PERIOD,
INC_STEP, and SPREAD_SEL can be modified only when FMPLL is in powerdown
mode.

e  Use progressive clock switching (FMPLL output clock can be changed when it is the
system clock, but only when using progressive clock switching).

Clock monitor unit (CMU)

Introduction

The Clock Monitor Unit (CMU), also referred to as Clock Quality Checker or Clock Fault
Detector, serves two purposes. The main task is to permanently supervise the integrity of
the various clock sources, for example a crystal oscillator or FMPLL. In case the FMPLL
leaves an upper or lower frequency boundary or the crystal oscillator fails it can detect and
forward these kind of events towards the MC_ME and MC_CGM. The clock management
unit in turn can then switch to a SAFE mode where it uses the default safe clock source
(FIRC), reset the device or generate the interrupt according to the system needs.

It can also monitor the external crystal oscillator clock, which must be greater than the
internal RC clock divided by a division factor given by CMU_CSR[RCDIV], and generates a
system clock transition request or an interrupt when enabled.

The second task of the CMU is to provide a frequency meter, which allows to measure the
frequency of one clock source vs. a reference clock. This is useful to allow the calibration of
the on-chip RC oscillator(s), as well as being able to correct/calculate the time deviation of a
counter which is clocked by the RC oscillator.

Main features

o FIRC, SIRC, SXOSC oscillator frequency measurement using FXOSC as reference
clock

e  External oscillator clock monitoring with respect to FIRC_clk/n clock

e FMPLL clock frequency monitoring for a high and low frequency range with FIRC as
reference clock

e Event generation for various failures detected inside monitoring unit
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6.8.3 Block diagram

CKSEL1[1:0] CMU MDR
FIRC_clk
00
SIRC_clk
01
SXOSC_clk
10 [
FIRC_clk :\,>
n CMU_FDR
MUX1l Frequency Meter
FXOSC_clk
XOSC Supervisor } OLR_evt
FXOSC < FIRC/n
XXOSC ON/OFF
From MC_ME
CMU_HFREFR
FMPLL > hfref D—’ FHH_FLL_OR_evt_a
OR
FMPLL < Ifref FMPLL ON/OFF
FMPLL From MC_ME

CMU_LFREFR

FMPLL Supervisor

OLR_evt : Itis the event signalling XOSC failure when asserted. When this signal is asserted, RGM may generate reset, interrupt
or SAFE request based on the RGM configuration.

FHH_FLL_OR_evt_a: Itis the event signalling FMPLL failure when asserted. Based on the CMU_HFREFR and CMU_LFREFR
configuration, if the FMPLL is greater than hign frequency range or less than the low frequency range configuration, this signal is
generated. When this signal is asserted, RGM may generate reset, interrupt or SAFE request based on the RGM configuration.

Figure 35. Clock Monitor Unit diagram

3
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6.8.4

6.8.4.1

Note:

6.8.4.2

Note:

Note:

Note:

158/1044

Functional description

The clock and frequency names referenced in this block are defined as follows:
e FXOSC_clk: clock coming from the fast external crystal oscillator

e  SXOSC_clk: clock coming from the slow external crystal oscillator

e  SIRC_clk: clock coming from the slow (low frequency) internal RC oscillator
e FIRC_clk: clock coming from the fast (high frequency) internal RC oscillator
e FMPLL_clk: clock coming from the FMPLL

e fexosc cik frequency of fast external crystal oscillator clock

. fSXOSC_clk: frequency of slow external crystal oscillator clock

e fgre Cﬂ(: frequency of slow (low frequency) internal RC oscillator

. fHRC_dk: frequency of fast (high frequency) internal RC oscillator

. fFMPL_,__dk: frequency of FMPLL clock

Crystal clock monitor

If fexosc ik IS 1SS than fgre ok divided by 2RCPV pits of the CMU_CSR and the

FXOSC clk is ‘ON’ as signalled by the MC_ME then:

e An event pending bit OLRI in CMU_ISR is set.

e Afailure event OLR is signalled to the MC_RGM which in turn can automatically switch
to a safe fallback clock and generate an interrupt or reset.

Functional FXOSC monitoring can only be guaranteed when the FXOSC frequency is
greater than (FIRC / 2RCPV) + 0.5 MHz.

FMPLL clock monitor

The fempLL_cik can be monitored by programming bit CME of the CMU_CSR register to ‘1".

The FMPLL_clk monitor starts as soon as bit CME is set. This monitor can be disabled at

any time by writing bit CME to ‘0'.

If fempLL_cik IS greater than a reference value determined by bits HFREF[11:0] of the

CMU_HFREFR and the FMPLL_clk is ‘ON’, as signalled by the MC_ME, then:

e An event pending bit FHHI in CMU_ISR is set.

e Afailure event is signalled to the MC_RGM which in turn can generate an interrupt or
safe mode request or functional reset depending on the programming model.

If fempLL_cik IS less than a reference value determined by bits LFREF[11:0] of the

CMU_LFREFR and the FMPLL_clk is ‘ON’, as signaled by the MC_ME, then:

e An event pending bit FLLI in CMU_ISR is set.

e Afailure event FLL is signalled to the MC_RGM which in turn can generate an interrupt
or safe mode request or functional reset depending on the programming model.

The internal RC oscillator is used as reliable reference clock for the clock supervision. In
order to avoid false events, proper programming of the dividers is required. These have to
take into account the accuracy and frequency deviation of the internal RC oscillator.

If PLL frequency goes out of range, the CMU shall generate FMPLL fll/fhh event. It takes
approximately 5 us to generate this event.

Functional FMPLL monitoring can only be guaranteed when the FMPLL frequency is greater
than (FIRC / 4) + 0.5 MHz.
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6.8.4.3

Frequency meter

The purpose of the frequency meter is twofold:
e to measure the frequency of the oscillators SIRC, FIRC or SXOSC
e to calibrate an internal RC oscillator (SIRC or FIRC) using a known frequency

Hint: This value can then be stored into the flash so that application software can reuse it
later on.

The reference clock is always the FXOSC_clk. The frequency meter returns a precise value
of frequencies fsxosc ¢k fRIRC clk OF fsire ok @ccording to CKSELL bit value. The measure
starts when bit SFM (Start Frequency Measure) in the CMU_CSR is set to ‘1’. The
measurement duration is given by the CMU_MDR in numbers of clock cycles of the selected
clock source with a width of 20 bits. Bit SFM is reset to ‘0’ by hardware once the frequency
measurement is done and the count is loaded in the CMU_FDR. The frequency fX(') can be
derived from the value loaded in the CMU_FDR as follows:

Equation 1 fx = (fexosc X MD) /' n

where n is the value in the CMU_FDR and MD is the value in the CMU_MDR.

The frequency meter by default evaluates frrc ¢k, but software can swap to fgirc cik OF
fsxosc_cik by programming the CKSEL bits in the CMU_CSR.

6.8.5

Memory map and register description

The memory map of the CMU is shown in Table 48.

Table 48. CMU memory map

Base address: OxC3FE_0100
Register name Address offset Reset value Location

Control Status Register (CMU_CSR) 0x00 0x00000006 | on page 160
Frequency Display Register (CMU_FDR) 0x04 0x00000000 | on page 161
High Frequency Reference Register FMPLL (CMU_HFREFR) 0x08 0x00000FFF | on page 161
Low Frequency Reference Register FMPLL (CMU_LFREFR) 0x0C 0x00000000 | on page 162
Interrupt Status Register (CMU_ISR) 0x10 0x00000000 | on page 162
Reserved 0x14 0x00000000 —
Measurement Duration Register (CMU_MDR) 0x18 0x00000000 | on page 163

i. x=FIRC,SIRC or SXOSC
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6.8.5.1 Control Status Register (CMU_CSR)

Offset: 0x00 Access: Read/write
5 6 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 32 0 0 0 0 0 0 0
w %
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R| O 0 0 0 0 0 0 0 0 0 0
CKSEL1 RCDIV
w

o |CME_A| &

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

Figure 36. Control Status Register (CMU_CSR)

1. You can read this field, and you can write a value of "1" to it. Writing a "0" has no effect. A reset will also clear this bit.

Table 49. CMU_CSR field descriptions

Field Description

Start frequency measure.

The software can only set this bit to start a clock frequency measure. It is reset by hardware when
SFM the measure is ready in the CMU_FDR register.

0 Frequency measurement completed or not yet started.
1 Frequency measurement not completed.

Clock oscillator selection bit.

CKSEL1 selects the clock to be measured by the frequency meter.
CKSEL1 00 FIRC_clk selected.

01 SIRC_clk selected.

10 SXOSC_clk selected.

11 FIRC_clk selected.

RC clock division factor .

These bits specify the RC clock division factor. The output clock is FIRC_clk divided by the factor
2RCDWV, This output clock is used to compare with FXOSC_clk for crystal clock monitor feature.The
clock division coding is as follows.

00 Clock divided by 1 (No division)

01 Clock divided by 2

10 Clock divided by 4

11 Clock divided by 8

RCDIV

FMPLL_O clock monitor enable.
CME_A 0 FMPLL_O monitor disabled.
1 FMPLL_O monitor enabled.

3
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6.8.5.2 Frequency Display Register (CMU_FDR)

Offset: 0x04 Access: Read-only
3 4 5 6 7 8 9 10 1 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 FD[19:16]
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R FD[15:0]
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 37. Frequency Display Register (CMU_FDR)
Table 50. CMU_FDR field descriptions
Field Description
Measured frequency bits.
FD This register displays the measured frequency f, with respect to frxosc. The measured value is
given by the following formula: f, = (fexosc X MD) / n, where n is the value in CMU_FDR register.
Note: x = FIRC, SIRC or SXOSC.
6.8.5.3 High Frequency Reference Register FMPLL (CMU_HFREFR)
Offset: 0x08 Access: Read/write
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Rl O 0 0 0
HFREF
W
Reset O 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1

Figure 38. High Frequency Reference Register FMPLL (CMU_HFREFR)

Table 51. CMU_HFREFR field descriptions

Field Description

High Frequency reference value.

HFREF This field determines the high reference value for the FMPLL clock. The reference value is given

by: (HFREF + 16) X (fF|RC - 4)

3
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6.8.5.4 Low Frequency Reference Register FMPLL (CMU_LFREFR)

Offset: Ox0C Access: Read/write
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

LFREF

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 39. Low Frequency Reference Register FMPLL (CMU_LFREFR)

Table 52. CMU_LFREFR field descriptions

Field Description

Low Frequency reference value.

LFREF This field determines the low reference value for the FMPLL. The reference value is given by:
(LFREF - 16) X (fF|RC - 4)

6.8.5.5 Interrupt Status Register (CMU_ISR)

Offset: 0x10 Access: Read/write
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

R| O 0 0 0 0 0 0 0 0 0 0 0 0 % - 5
i w (@)
W wlc | wic | wlc

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 40. Interrupt status register (CMU_ISR)

3
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Table 53. CMU_ISR field descriptions
Field Description
FMPLL clock frequency higher than high reference interrupt.
This bit is set by hardware when feyp ¢k becomes higher than HFREF value and FMPLL_clk is
FHHI ‘ON'’ as signalled by the MC_ME. It can be cleared by software by writing ‘1.
0 No FHH event.
1 FHH event is pending.
FMPLL clock frequency lower than low reference event.
This bit is set by hardware when feyp ¢k becomes lower than LFREF value and FMPLL_clk is
FLLI ‘ON'’ as signalled by the MC_ME. It can be cleared by software by writing ‘1.
0 No FLL event.
1 FLL eventis pending.
Oscillator frequency lower than RC frequency event.
This bit is set by hardware when fexosc cik is lower than FIRC_clk/2R°PY frequency and FXOSC_clk
OLRI is ‘ON’ as signalled by the MC_ME. It can be cleared by software by writing ‘1’.
0 No OLR event.
1 OLR eventis pending.
6.8.5.6 Measurement Duration Register (CMU_MDR)
Offset: 0x18 Access: Read/write
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0
MD[19:16]
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R
MDI[15:0]
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 41. Measurement Duration Register (CMU_MDR)
Table 54. CMU_MDR field descriptions
Field Description
Measurement duration bits.
MD This field displays the measurement duration in numbers of clock cycles of the selected clock
source. This value is loaded in the frequency meter downcounter. When CMU_CSR[SFM] = 1, the
downcounter starts counting.

3
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7 Clock Generation Module (MC_CGM)

7.1 Overview

The clock generation module (MC_CGM) generates reference clocks for all SoC blocks.
The MC_CGM selects one of the system clock sources to supply the system clock. The
MC_ME controls the system clock selection (see the MC_ME chapter for more details). A
set of MC_CGM registers controls the clock dividers which are utilized for divided system
and peripheral clock generation. The memory spaces of system and peripheral clock
sources which have addressable memory spaces, are accessed through the MC_CGM
memory space. The MC_CGM also selects and generates an output clock.

Figure 42 depicts the MC_CGM block diagram.

3
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MC_CGM
FIRC ]
g¢—p MC_ME
FXOsC ] .
Registers
Platform Interface MC_RGM
FMPLL ]
System Clock isheral
Multiplexer/Divider ——p-| PETIPNETAIS
<] PA[O]
<€—P core
Output Clock
Selector/Divider
[}
Q
8
g mapped
= —B peripherals
3
=]
e)
o
=
e)
[}
Q.
Q.
S
=

3

Figure 42. MC_CGM block diagram
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7.2 Features
The MC_CGM includes the following features:
e generates system and peripheral clocks
e selects and enables/disables the system clock supply from system clock sources
according to MC_ME control
e contains a set of registers to control clock dividers for divided clock generation
e supports multiple clock sources and maps their address spaces to its memory map
e generates an output clock
e guarantees glitch-less clock transitions when changing the system clock selection
e  supports 8-, 16- and 32-bit wide read/write accesses
7.3 Modes of operation
This section describes the basic functional modes of the MC_CGM.
7.3.1 Normal and reset modes of operation
During normal and reset modes of operation, the clock selection for the system clock is
controlled by the MC_ME.
7.4 External signal description
The MC_CGM delivers an output clock to the PA[O] pin for off-chip use and/or observation.
7.5 Memory map and register definition
Table 55. MC_CGM register description
Access
Address Name Description Size Location
Normal | Supervisor Test
. . on page
OxC3FE_0370 | CGM_OC_EN Output Clock Enable |word | read read/write | read/write 171
OXC3FE_0374 | CGM_ocDs_sc | Quiput Clock Division | 1 oad | readiwrite | readiwrite | 7 P29€
Select 171
OXC3FE_0378 |CGM_SC_ss | System Clock Select |\ o 1 ead read read on page
Status 172
OxXC3FE_037C | CGM_SC_DCO0 Systc_em ClF)Ck Divider byte | read read/write | read/write on page
Configuration 0 173
OxC3FE_037D |CGM_SC_DC1 Systgm C|9Ck Divider byte | read read/write | readiwrite | " P29€
Configuration 1 173
OxC3FE_037E |CGM_SC _DC2 Systgm ClQCk Divider byte | read read/write | read/write on page
Configuration 2 173

166/1044
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Note: Any access to unused registers as well as write accesses to read-only registers will:
not change register content
cause a transfer error

Table 56. MC_CGM memory map

0 1 2 3 27 5 6 7 8 9 10 11 12 13 14 15

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

OXC3FE
_0000
FXOSC registers
OXC3FE
_oboic

OXC3FE
0020

reserved
0xC3FE
~003C

OXC3FE
0040

SXOSC registers
OxC3FE
_005C

OXC3FE
0060

FIRC registers
OxC3FE
_oo7C

OXC3FE
0080

SIRC registers
OxC3FE
_009C

OxC3FE
_00A0
FMPLL registers
OxC3FE
_ooBC

O0xC3FE
_00Co
reserved
0xC3FE
_oobcC

O0xC3FE
_00EO
reserved
O0xC3FE
_00FC
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Table 56. MC_CGM memory map (continued)

0 1 2 3 27 5 6 7 8 9 10 11 12 13 14 15

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

OxC3FE
_0100
CMU registers
OxC3FE
_o11cC

OXC3FE
0120

reserved
O0xC3FE
_013C

OXC3FE
0140

reserved
O0xC3FE
_015C

OXC3FE
0160

reserved
OxC3FE
_017C

OXC3FE
0180

reserved
0xC3FE
_019C

OXC3FE
_01A0

reserved
0xC3FE
_01BC

OXC3FE
_01C0

reserved
OxC3FE
_01DC

OXC3FE
_01E0

reserved
O0xC3FE
_01FC

OXC3FE
0200

reserved
O0xC3FE
_021C

3
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Table 56. MC_CGM memory map (continued)

o|l 1|2 |3 |272|5 |6 | 7| 8| 9 |10|11|12]13]| 14| 15
Address Name

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

OxC3FE
_0220
reserved
OxC3FE
_023C

OXC3FE
0240

reserved
O0xC3FE
_025C

OXC3FE
0260

reserved
0xC3FD
_c2r7C

OXC3FE
0280

reserved
OxC3FE
_029C

0xC3FE
_02A0
reserved
0xC3FE
_02BC

O0xC3FE
_02Co0
reserved
O0xC3FE
_02DC

OxC3FE
_02E0
reserved
OxC3FE
_02FC

OxC3FE
_ 0300
reserved
OxC3FE
_031C

OxC3FE
0320
reserved
OxC3FE
_033C
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Table 56. MC_CGM memory map (continued)

OXC3FE |CGM_SC_DC

0 1 2 3 27 5 6 7 8 9 10 11 12 13 14 15
Address Name
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
OXC3FE
0340
reserved
OxC3FE
_035C
OXC3FE
0360
reserved
OxC3FE
_036C
R/o|lo|o|o|o|o|o|o|oO|O|O|O|O|O|O|O
w
OXC3FE | ~5M oc EN
_0370 Rlo|lo|o|o|o|o|o|o|o|]o|o|o|o|oO]|oO
EN
W
Rl 0| O olo|lo|lo|lo|o|O|oO
SELDIV SELCTL
0xC3FE |cGM_ocbs_ |W
_0374 |SC R/o|lo|o|o|o|o|o|oO|O|O|O|O|O|O|O|O
W
Rl o|o]o]oO SELSTAT olo|lo|lo|lo|lo|o|oO
w
OXC3FE | ~om sc_ss
_0378 R/o|lo|o|o|o|o|o|o|]o|oO|O|O|O|O|O|O
w
R
W
R
w

o o

_037C |0...2 ol DIVO ol D]AVAS
~ 0 0 0 0 0 0 0 0 0 0 0
] DIV2
a

O0xC3FE

_ 0400

reserved
OxC3FE
_3FFC

7.5.1 Register descriptions

All registers may be accessed as 32-bit words, 16-bit half-words, or 8-bit bytes. The bytes
are ordered according to big endian. For example, the CGM_OC_EN register may be
accessed as a word at address OXxC3FE_0370, as a half-word at address OXxC3FE_0372, or
as a byte at address OxC3FE_0373.

3
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751.1 Output Clock Enable Register (CGM_OC_EN)
Address OXxC3FE_0370 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R O 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EN
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 43. Output Clock Enable Register (CGM_OC_EN)
This register is used to enable and disable the output clock.
Table 57. Output Clock Enable Register (CGM_OC_EN) field descriptions
Field Description
Output Clock Enable control
EN 0 Output Clock is disabled
1 Output Clock is enabled
7.5.2 Output Clock Division Select Register (CGM_OCDS_SC)
Address OxC3FE_0374 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 0 0 0 0
SELDIV SELCTL
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 44. Output Clock Division Select Register (CGM_OCDS_SC)
This register is used to select the current output clock source and by which factor it is
divided before being delivered at the output clock.
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Table 58. Output Clock Division Select Register (CGM_OCDS_SC) field descriptions

Field

Description

SELDIV

Output Clock Division Select

00 output selected Output Clock without division
01 output selected Output Clock divided by 2
10 output selected Output Clock divided by 4
11 output selected Output Clock divided by 8

SELCTL

Output Clock Source Selection Control — This value selects the current source for the output clock.

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

4-16 MHz ext. xtal osc.
16 MHz int. RC osc.
freq. mod. PLL
system clock

RTC clock

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

7.5.3

System Clock Select Status Register (CGM_SC_SS)

This register provides the current clock source selection for the following clocks:

undivided: system clock

divided by system clock divider O: peripheral set 1 clock
divided by system clock divider 1: peripheral set 2 clock
divided by system clock divider 2: peripheral set 3 clock

See Figure 45 for details.

Address OXC3FE_0378 Access: User read, Supervisor read, Test read

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl 0 0 SELSTAT 0 0 0 0 0 0 0
w [
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 45. System Clock Select Status Register (CGM_SC_SS)
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Table 59. System Clock Select Status Register (CGM_SC_SS) field descriptions

Field

Description

SELSTAT

System Clock Source Selection Status — This value indicates the current source for the system
clock.
0000
0001
0010
0011
0100

16 MHz int. RC osc.
div. 16 MHz int. RC osc.
4-16 MHz ext. xtal osc.
div. ext. xtal osc.

freq. mod. PLL

0101
0110
0111
1000
1001
1010
1011
1100
1101
1110

1111

reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved

system clock is disabled

7.53.1

System Clock Divider Configuration Registers (CGM_SC_DCO0...2)

Address OXxC3FE_037C

Access: User read, Supervisor read/write, Test read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
R 0 0 0
DEO DIVO DE1 DIVl
\W
Reset 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R 0 0 0 0 0 0 0 0 0 0 0
DE2 DIV2
W
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 46. System Clock Divider Configuration Registers (CGM_SC_DCO0...2)
These registers control the system clock dividers.
Table 60. System Clock Divider Configuration Registers (CGM_SC_DCO...2)
Field Descriptions
Field Description
Divider O Enable
DEO |0 Disable system clock divider O
1 Enable system clock divider 0
Divider 0 Division Value — The resultant peripheral set 1 clock will have a period DIVO + 1 times that of
DIVO |the system clock. If the DEO is set to ‘0’ (Divider 0 is disabled), any write access to the DIVO field is
ignored and the peripheral set 1 clock remains disabled.
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Table 60. System Clock Divider Configuration Registers (CGM_SC_DCO...2)
Field Descriptions (continued)

Field Description
Divider 1 Enable
DE1 |0 Disable system clock divider 1
1 Enable system clock divider 1
Divider 1 Division Value — The resultant peripheral set 2 clock will have a period DIV1 + 1 times that of
DIV1 |the system clock. If the DEL1 is set to ‘0’ (Divider 1 is disabled), any write access to the DIV1 field is
ignored and the peripheral set 2 clock remains disabled.
Divider 2 Enable
DE2 |0 Disable system clock divider 2
1 Enable system clock divider 2
Divider 2 Division Value — The resultant peripheral set 3 clock will have a period DIV2 + 1 times that of
DIV2 |the system clock. If the DE2 is set to ‘0’ (Divider 2 is disabled), any write access to the DIV2 field is
ignored and the peripheral set 3 clock remains disabled.
7.6 Functional Description
7.6.1 System Clock Generation
Figure 47 shows the block diagram of the system clock generation logic. The MC_ME
provides the system clock select and switch mask (see MC_ME chapter for more details),
and the MC_RGM provides the safe clock request (see MC_RGM chapter for more details).
The safe clock request forces the selector to select the 16 MHz int. RC osc. as the system
clock and to ignore the system clock select.
7.6.1.1 System Clock Source Selection
During normal operation, the system clock selection is controlled
e on a SAFE mode or reset event, by the MC_RGM
e  otherwise, by the MC_ME
7.6.1.2 System Clock Disable
During normal operation, the system clock can be disabled by the MC_ME.
7.6.1.3 System Clock Dividers
The MC_CGM generates three derived clocks from the system clock.
7.6.1.4 Dividers Functional Description
Dividers are utilized for the generation of divided system and peripheral clocks. The
MC_CGM has the following control registers for built-in dividers:
e  Section 7.5.3.1: System Clock Divider Configuration Registers (CGM_SC_DCO...2)
The reset value of all counters is ‘1'. If a divider has its DE bit in the respective configuration
register set to ‘0’ (the divider is disabled), any value in its DIVn field is ignored
17411044 DocID15700 Rev 10 Kys
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16 MHz int. RC osc.
system clock is disabled if
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div. ext. xtal osc. — 2|3
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RIS
— » system clock
&
CGM_SC_DCO Register
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I » peripheral set 1 clock

clock divider

MC_RGM safe clock request
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CGM_SC_DCl1 Register

CGM_SC_SS Register

I » peripheral set 2 clock

clock divider

CGM_SC_DC2 Register

—» peripheral set 3 clock

clock divider

Figure 47. MC_CGM System Clock Generation Overview

7.6.2 Output Clock Multiplexing

The MC_CGM contains a multiplexing function for a number of clock sources which can
then be utilized as output clock sources. The selection is done via the CGM_OCDS_SC

register.
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4-16 MHz ext. xtal osc. —
16 MHz int. RC osc.
freq. mod. PLL

system clock

RTC clock

A WNRFO

CGM_OC_EN Register

o
/S Pa

o B N W

/L
CGM_OCDS_SC.SELDIV | |
Register

Figure 48. MC_CGM Output Clock Multiplexer and PA[0] Generation

7.6.3 Output Clock Division Selection

The MC_CGM provides the following output signals for the output clock generation:

e PAJO] (see Figure 48). This signal is generated by utilizing one of the 3-stage ripple
counter outputs or the selected signal without division. The non-divided signal is not
guaranteed to be 50% duty cycle by the MC_CGM.

e the MC_CGM also has an output clock enable register (see Section 7.5.1.1: Output
Clock Enable Register (CGM_OC_EN)) which contains the output clock enable/disable
control bit.

3
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8 Mode Entry Module (MC_ME)

8.1 Overview

The MC_ME controls the SoC mode and mode transition sequences in all functional states.
It also contains configuration, control and status registers accessible for the application.

Figure 49 depicts the MC_ME block diagram.

3

DocID15700 Rev 10 177/1044




Mode Entry Module (MC_ME)

RMO0037

VREG

Flashes

FIRC

FXOSC

FMPLL

MC_ME
<§—p| MC_PCU
Registers
Platform Interface  <@—p MC_RGM
|-<@—p| MC_CGM
q§—P core
Device
Mode
State
Machine
< p-| PETiPhETAlS
—— WKPU

178/1044

Figure 49. MC_ME block diagram
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Mode Entry Module (MC_ME)

8.1.1 Features
The MC_ME includes the following features:
e control of the available modes by the ME_ME register
e definition of various device mode configurations by the ME_<mode>_MC registers
e control of the actual device mode by the ME_MCTL register
e  capture of the current mode and various resource status within the contents of the
ME_GS register
e optional generation of various mode transition interrupts
e  status bits for each cause of invalid mode transitions
e peripheral clock gating control based on the ME_RUN_PCO...7, ME_LP_PCO0...7, and
ME_PCTLO...143 registers
e  capture of current peripheral clock gated/enabled status
8.1.2 Modes of Operation
The MC_ME is based on several device modes corresponding to different usage models of
the device. Each mode is configurable and can define a policy for energy and processing
power management to fit particular system requirements. An application can easily switch
from one mode to another depending on the current needs of the system. The operating
modes controlled by the MC_ME are divided into system and user modes. The system
modes are modes such as RESET, DRUN, SAFE, and TEST. These modes aim to ease the
configuration and monitoring of the system. The user modes are modes such as RUNO...3,
HALT, STOP, and STANDBY which can be configured to meet the application requirements
in terms of energy management and available processing power. The modes DRUN, SAFE,
TEST, and RUNO...3 are the device software running modes.
Table 61 describes the MC_ME modes.
Table 61. MC_ME Mode Descriptions
Name Description Entry Exit
This is a chip-wide virtual mode during which the
application is not active. The system remains in this mode
: , system reset system reset
until all resources are available for the embedded software . )
RESET : assertion from deassertion from
to take control of the device. It manages hardware
o . . . MC_RGM MC_RGM
initialization of chip configuration, voltage regulators, - -
oscillators, PLLs, and flash modules.
system reset
deassertion from system reset
This is the entry mode for the embedded software. It MC RGM assertion,
provides full accessibility to the system and enables the software ré uest RUNO...3, TEST,
DRUN configuration of the system at startup. It provides the f q STANDBY via
. . rom SAFE, TEST .
unique gate to enter USER modes. BAM when present is and RUNO.. 3 software, SAFE via
executed in DRUN mode. o software or
wakeup request hardware failure
from STANDBY ’
This is a chip-wide service mode which may be entered on | hardware failure,
! system reset
the detection of a recoverable error. It forces the system software request .
SAFE assertion, DRUN

into a pre-defined safe configuration from which the system
may try to recover.

from DRUN, TEST,
and RUNO...3

via software

3
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Table 61. MC_ME Mode Descriptions (continued)
Name Description Entry Exit
This is a chip-wide service mode which is intended to
. : - system reset
provide a control environment for device self-test. It may software request .
TEST L . - assertion, DRUN
enable the application to run its own self-test like flash from DRUN :
via software
checksum, memory BIST etc.
software request system reset
q assertion, SAFE
. . from DRUN, :
These are software running modes where most processing | . via software or
L ; interrupt event .
RUNO...3 activity is done. These various run modes allow to enable from HALT hardware failure,
different clock & power configurations of the system with . ’ other RUNO...3
interrupt or
respect to each other. wakeun event from modes, HALT,
P STOP, STANDBY
STOP .
via software
This is a reduced-activity low-power mode during which the system reset
clock to the core is disabled. It can be configured to switch software request assertion, SAFE
HALT off analog peripherals like PLL, flash, main regulator etc. for from RUNOq 3 on hardware
efficient power management at the cost of higher wakeup failure, RUNO...3
latency. on interrupt event
system reset
This is an advanced low-power mode during which the assertion, SAFE
STOP clock to the core is disabled. It may be configured to switch | software request | on hardware
off most of the peripherals including oscillator for efficient | from RUNO...3 failure, RUNO...3
power management at the cost of higher wakeup latency. on interrupt event
or wakeup event
This is a reduced-leakage low-power mode during which
ower supply is cut off from most of the device. Wakeup software request | system reset
STANDBY |POWer < . ; ; _ |from RUNO...3, |assertion, DRUN
from this mode takes a relatively long time, and content is
DRUN modes on wakeup event
lost or must be restored from backup.
8.2 External Signal Description
The MC_ME has no connections to any external pins.
8.3 Memory Map and Register Definition
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The MC_ME contains registers for:
e mode selection and status reporting
e mode configuration

e mode transition interrupts status and mask control

e scalable number of peripheral sub-mode selection and status reporting
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Table 62. MC_ME Register Description
Access
Address Name Description Size Location
Normal | Supervisor Test
0xC3FD_C000 | ME_GS Global Status word | read read read on page 189
0xC3FD_C004 | ME_MCTL Mode Control word | read read/write | read/write | on page 191
0xC3FD_C008 | ME_ME Mode Enable word | read read/write | read/write | on page 192
0xC3FD_CO00C | ME_IS Interrupt Status word | read read/write | read/write | on page 194
0xC3FD_CO010 | ME_IM Interrupt Mask word | read read/write | read/write | on page 195
OxC3FD_CO014 | ME_IMTS Invahc_i _Mode word | read read/write | read/write | on page 196
Transition Status
O0xC3FD_C018 | ME_DMTS Debug_Mode word | read read read on page 197
- - Transition Status
0xC3FD_C020 | ME_RESET_MC RESI.ET Mgde word | read read read on page 199
Configuration
OxC3FD_C024 | ME_TEST_MC TEST Mod_e word | read read/write | read/write | on page 200
Configuration
0xC3FD_C028 | ME_SAFE_MC SAFI.E Mod_e word | read read/write | read/write | on page 200
- - - Configuration
0xC3FD_C02C | ME_DRUN_MC DRU.N Mer word | read read/write | read/write | on page 201
Configuration
0xC3FD_C030 | ME_RUNO_MC RUN.O Moqle word | read read/write | read/write | on page 201
Configuration
0xC3FD_C034 | ME_RUN1_MC RUN.l Mode word | read read/write | read/write | on page 201
- - - Configuration
OxC3FD_C038 | ME_RUN2_MC RUN.2 Mer word | read read/write | read/write | on page 201
Configuration
0xC3FD_CO03C | ME_RUN3_MC RUN.?’ Moqle word | read read/write | read/write | on page 201
Configuration
O0xC3FD_C040 | ME_HALT_MC HALT Mod_e word | read read/write | read/write | on page 202
- - - Configuration
OxC3FD_C048 | ME_STOP_MC STOP Mer word | read read/write | read/write | on page 202
Configuration
0xC3FD_C054 ME_STANDBY_ STANDBY_Mode word | read read/write | read/write | on page 203
MC Configuration
0xC3FD_CO060 | ME_PSO Peripheral Status 0 word | read read read on page 205
O0xC3FD_C064 | ME_PS1 Peripheral Status 1 word | read read read on page 205
O0xC3FD_C068 | ME_PS2 Peripheral Status 2 word | read read read on page 206
O0xC3FD_C06C | ME_PS3 Peripheral Status 3 word | read read read on page 206
0xC3FD_C080 | ME_RUN_PCO Run _Perlpr_]eral word | read read/write | read/write | on page 207
Configuration 0
O0xC3FD_C084 | ME_RUN_PC1 Run _Perlpheral word | read read/write | read/write | on page 207
Configuration 1
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Table 62. MC_ME Register Description (continued)
Access
Address Name Description Size Location
Normal | Supervisor Test
0xC3FD_C09C | ME_RUN_PC7 Eggf;irrizt?;:a; word | read read/write | read/write | on page 207
Low-Power
0xC3FD_COAO0 | ME_LP_PCO Peripheral word | read read/write | read/write | on page 208
Configuration 0
Low-Power
OxC3FD_CO0A4 |ME_LP_PC1 Peripheral word | read read/write | read/write | on page 208
Configuration 1
Low-Power
O0xC3FD_COBC |ME_LP_PC7 Peripheral word | read read/write | read/write | on page 208
Configuration 7
0xC3FD_CO0C4 | ME_PCTL4 DSPIO Control byte | read read/write | read/write | on page 209
0xC3FD_CO0C5 | ME_PCTL5 DSPI1 Control byte | read read/write | read/write | on page 209
0xC3FD_CO0C6 | ME_PCTL6 DSPI2 Control byte | read read/write | read/write | on page 209
O0xC3FD_CO0C7 | ME_PCTL7 DSPI3 Control byte | read read/write | read/write | on page 209
0xC3FD_CO0C8 | ME_PCTLS8 DSPI4 Control byte | read read/write | read/write | on page 209
0xC3FD_CO0C9 | ME_PCTL9 DSPI5 Control byte | read read/write | read/write | on page 209
0xC3FD_COCC | ME_PCTL12 LINFlex8 Control byte | read read/write | read/write | on page 209
O0xC3FD_COCD | ME_PCTL13 LINFlex9 Control byte | read read/write | read/write | on page 209
0xC3FD_CO0DO | ME_PCTL16 FlexCANO Control byte | read read/write | read/write | on page 209
O0xC3FD_CO0D1 | ME_PCTL17 FlexCANL1 Control byte | read read/write | read/write | on page 209
O0xC3FD_CO0D2 | ME_PCTL18 FlexCAN2 Control byte | read read/write | read/write | on page 209
0xC3FD_CO0D3 | ME_PCTL19 FlexCAN3 Control byte | read read/write | read/write | on page 209
0xC3FD_CO0D4 | ME_PCTL20 FlexCAN4 Control byte | read read/write | read/write | on page 209
0xC3FD_CO0D5 | ME_PCTL21 FlexCAN5 Control byte | read read/write |read/write | on page 209
O0xC3FD_CO0D7 | ME_PCTL23 ggﬂrﬁr—o?H—MUX byte | read read/write |read/write | on page 209
O0xC3FD_COEO | ME_PCTL32 ADCO Control byte | read read/write | read/write | on page 209
OxC3FD_COE1 | ME_PCTL33 ADC1 Control byte | read read/write | read/write | on page 209
O0xC3FD_COEC | ME_PCTL44 12C0 Control byte | read read/write | read/write | on page 209
0xC3FD_COF0 | ME_PCTL48 LINFlex0 Control byte | read read/write | read/write | on page 209
0xC3FD_COF1 | ME_PCTL49 LINFlex1 Control byte | read read/write | read/write | on page 209
OxC3FD_COF2 | ME_PCTL50 LINFlex2 Control byte | read read/write | read/write | on page 209
O0xC3FD_COF3 | ME_PCTL51 LINFlex3 Control byte | read read/write | read/write | on page 209
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Table 62. MC_ME Register Description (continued)
Access
Address Name Description Size Location
Normal | Supervisor Test
OxC3FD_COF4 | ME_PCTL52 LINFlex4 Control byte | read read/write | read/write | on page 209
OxC3FD_COF5 | ME_PCTL53 LINFlex5 Control byte | read read/write | read/write | on page 209
OxC3FD_COF6 | ME_PCTL54 LINFlex6 Control byte | read read/write | read/write | on page 209
OxC3FD_COF7 | ME_PCTL55 LINFlex7 Control byte | read read/write | read/write | on page 209
OxC3FD_COF9 | ME_PCTL57 CTU Control byte | read read/write | read/write | on page 209
0xC3FD_COFC | ME_PCTL60 CANSampler Control | byte | read read/write | read/write | on page 209
OxC3FD_C104 |ME_PCTL68 SIUL Control byte | read read/write | read/write | on page 209
OxC3FD_C105 |ME_PCTL69 WKPU Control byte | read read/write | read/write | on page 209
O0xC3FD_C108 | ME_PCTL72 eMIOSO0 Control byte | read read/write | read/write | on page 209
O0xC3FD_C109 | ME_PCTL73 eMIOS1 Control byte | read read/write | read/write | on page 209
0xC3FD_C11B | ME_PCTL91 RTC_API Control byte | read read/write | read/write | on page 209
OxC3FD_C11C |ME_PCTL92 PIT_RTI Control byte | read read/write | read/write | on page 209
O0xC3FD_C128 | ME_PCTL104 CMU Control byte | read read/write | read/write | on page 209

Note: Any access to unused registers as well as write accesses to read-only registers will:
not change register content
cause a transfer error
Table 63. MC_ME Memory Map
Address Name 0 1 2 3 |27|5 |6 |7 |89 10| 11| 12| 13| 14 | 15
16 | 17 | 18 | 19 |20 |21 |22 |23 |24 | 25|26 | 27 | 28 | 29 | 30 | 31
OxC3FD |ME_GS %
) x
_C000 < |0 Q g
R|S_CURRENT_MODE | £ |O, |0 |0 g |0 |0| S | SDFLA | S_CFLA
=@ » 0
n
W | |
2|88
RoooooooooEQE S_SYSCLK
@ [
ool @
W
OxC3FD |ME_MCTL R ojojojojo|fo;|o0 0 0 0 0 0
C004 —  TARGET_MODE
- W
Rl 1o |1]ofofifofs]ofofofo|1]1]|1]1
W KEY
1S7 DocID15700 Rev 10 183/1044




RMO0037

Mode Entry Module (MC_ME)

y Map (continued)

Table 63. MC_ME Memor
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Table 63. MC_ME Memory Map (continued)
Address Name 0 1 2 3 27 5 6 7 8 9 10 11 12 13 14 15
16 17 18 19 20 | 21 | 22 | 23|24 | 25| 26 27 28 29 30 31
OXC3FD |ME_RESET_ o 3
_C020 |MC 0|0 |00 |0]|0|00/Q|0|0|& |DFLAON | CFLAON
s
Z |2
|85
00|00 |0j0j0l0l0|Z @O SYSCLK
z ||
OXC3FD |ME_TEST_M 4
_C024 |C o|lo|o|o|o|o|o|O|p|O|O]| &
a 2 | DFLAON | CFLAON
g s
P
0o |ojojojojojojo|o|Z|5] 2
3210 O
Jl | O SYSCLK
S0 &
I
OXC3FD | ME_SAFE_M 3
_C028 |C 0| 0|0|0|0|O|O|O|p|O]|O]| & |DFLAON | CFLAON
2 >
g s
Z |2
S1818
0jojojolofojolololz/a| O SYSCLK
z ||
OXC3FD | ME_DRUN_M o z
_co2c |C o|lo|lo|o|o|lo|o|o|Aa|o]|0]| &
o 2 | DFLAON | CFLAON
zlzl|§
o|lo|o|of|ololo|lo|lo|Q|8|OC
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S |2
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Table 63. MC_ME Memory Map (continued)

Address Name 0 1 2 3 27 5 6 7 8 9 10 11 12 13 14 15
16 17 18 19 20 | 21 | 22 | 23 |24 | 25| 26 27 28 29 30 31
0xC3FD | ME_RUNO...3 o 4
_C030 |_MC Rlo|o|o|o|o|o|o|o|Aa|o|oO]| &
o Z | DFLAON | CFLAON
0xC3FD
C03C W
z|z| &
Rlo|o|lo|o|ojo|lo|o|0|SQ|8]|C
|5 | xE SYSCLK
o @) LL
= | X
W TR
0XxC3FD | ME_HALT M 0 z
AALM 'Rl o oo |0 |ojojojo|alo|o]| 5
_Co40 |C o % DFLAON | CFLAON
W s
=z
RIoJojojojojojojo|o|Z|Z|
2|10 ] O
Jla| O SYSCLK
W % 0| x
x| u
OxC3FD reserved
_C044
OXC3FD [ME_STOP_M |R| 0 | 0 | 0 | 0 0|0 |0|O|_ |0|0]|Z
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W o >
s
b
Slz| 6
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0N 22
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W
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Table 63. MC_ME Memor
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Table 63. MC_ME Memory Map (continued)

Address

Name

0

1

2

3

27

5

6

7

8

9

10

11

12

13 14 15

16

17

18

19

20

21

22

23

24

25

26

27

28

29 30 31

OXC3FD
_C06C

ME_PS3

0

0

0

0

0

0

0

o

0

0

0

S CMU

OXC3FD
070

reserved

OXC3FD
_C074

OXC3FD
_Cco7C

reserved

OXC3FD
_C080

OXC3FD
_Co9C

ME_RUN_PC
0.7

o
o
o

=

RUN3

RUN2

RUN1

RUNO

DRUN

RESET

SAFE
TEST

OXC3FD
_COAO
OXC3FD
_COBC

ME_LP_PCO
7

o

o

o

o

o

o

o

o

o
o
o

vl2|R| =

=

STANDBY

STOP

HALT

OXC3FD
_CO0Co
OXC3FD
_c14C

ME_PCTLO..
143

LP_CFG

RUN_CFG

LP_CFG

RUN_CFG

= |P| =@

DBG_F |DBG_F

LP_CFG

RUN_CFG

DBG_F |DBG_F

LP_CFG

RUN_CFG

OXC3FD
_C150
OXC3FD
_FFFC

reserved

8.3.1
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Register Description

Unless otherwise noted, all registers may be accessed as 32-bit words, 16-bit half-words, or
8-bit bytes. The bytes are ordered according to big endian. For example, the ME_RUN_PCO
register may be accessed as a word at address OXxC3FD_CO080, as a half-word at address

0xC3FD_C082, or as a byte at address OxC3FD_C083.
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8.3.1.1

Address OxC3FD_C000

Global Status Register (ME_GS)

Access: User read, Supervisor read, Test read

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
[0}
< |g 2 g
R| S_CURRENT_MODE o e 1o 0 a 0 0 = S_DFLA S_CFLA
s %) (/)I (/)I
U)l
Reset O 0 0 0 1 1 0 0 0 0 0 1 1 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
- O
28| ¢
R O 0 0 0 0 0 0 0 0 E % EI S_SYSCLK
U)l (f)l (%)
Reset O 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 50. Global Status Register (ME_GS)

This register contains global mode status.

Table 64. Global Status Register (ME_GS) Field Descriptions

Field

Description

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110
1111

S_CURRENT _
MODE

Current device mode status

RESET
TEST
SAFE
DRUN
RUNO
RUN1
RUN2
RUN3
HALT
reserved
STOP
reserved
reserved
STANDBY
reserved
reserved

Mode
S_MTRANS

transition status

0 Mode transition process is not active
1 Mode transition is ongoing

Device current consumption status

0 Device consumption is low enough to allow powering down of main voltage regulator

1 Device consumption requires main voltage regulator to remain powered regardless of mode
configuration
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Table 64. Global Status Register (ME_GS) Field Descriptions (continued)

Field Description

Output power-down status — This bit specifies output power-down status of I/Os. This bit is
asserted whenever outputs of pads are forced to high impedance state or the pads power
sequence driver is switched off.

0 No automatic safe gating of 1/0Os used and pads power sequence driver is enabled

S_PDO 1 In SAFE/TEST modes, outputs of pads are forced to high impedance state and pads power
sequence driver is disabled. The inputs are level unchanged. In STOP mode, only pad power
sequence driver is disabled but the state of the output is kept. In STANDBY mode, the power
sequence driver and all pads except those mapped on wakeup lines are not powered and
therefore high impedance. Wakeup lines configuration remains unchanged

Main voltage regulator status

S_MVR 0 Main voltage regulator is not ready
1 Main voltage regulator is ready for use

Data flash availability status

00 Data flash is not available

S_DFLA 01 Data flash is in power-down mode

10 Data flash is in low-power mode

11 Data flash is in normal mode and available for use

Code flash availability status

00 Code flash is not available

S_CFLA 01 Code flash is in power-down mode

10 Code flash is in low-power mode

11 Code flash is in normal mode and available for use

frequency modulated phase locked loop status

S_FMPLL 0 frequency modulated phase locked loop is not stable
1 frequency modulated phase locked loop is providing a stable clock

fast external crystal oscillator (4-16 MHz) status

S_FXOSC 0 fast external crystal oscillator (4-16 MHz) is not stable
1 fast external crystal oscillator (4-16 MHz) is providing a stable clock

fast internal RC oscillator (16 MHz) status

S_FIRC 0 fastinternal RC oscillator (16 MHz) is not stable
1 fast internal RC oscillator (16 MHz) is providing a stable clock

System clock switch status — These bits specify the system clock currently used by the system.

0000 16 MHz int. RC osc.
0001 div. 16 MHz int. RC osc.
0010 4-16 MHz ext. xtal osc.
0011 div. ext. xtal osc.

0100 freq. mod. PLL

0101 reserved

0110 reserved

S_SYSCLK |0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 system clock is disabled
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8.3.1.2

Address OXxC3FD_C004

Mode Control Register (ME_MCTL)

Access: User read, Supervisor read/write, Test read/write

0 1 2 3 6 10 11 12 13 14 15
R 0 0 0 0 0 0 0 0 0 0 0 0
TARGET_MODE
W

Reset 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R 1 0 1 0 0 1 0 1 0 0 0 0 1 1 1 1

W KEY
Reset 1 0 1 0 0 1 0 1 0 0 0 0 1 1 1 1

Figure 51. Mode Control Register (ME_MCTL)

This register is used to trigger software-controlled mode changes. Depending on the modes
as enabled by ME_ME register bits, configurations corresponding to unavailable modes are
reserved and access to ME_<mode>_MC registers must respect this for successful mode

requests.

Note: Byte and half-word write accesses are not allowed for this register as a predefined key is

required to change its value.
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Table 65. Mode Control Register (ME_MCTL) Field Descriptions

Field Description

Target device mode — These bits provide the target device mode to be entered by software
programming. The mechanism to enter into any mode by software requires the write operation
twice: first time with key, and second time with inverted key. These bits are automatically updated by
hardware while entering SAFE on hardware request. Also, while exiting from the HALT and STOP
modes on hardware exit events, these are updated with the appropriate RUNO...3 mode value.

0000 RESET
0001 TEST
0010 SAFE
0011 DRUN
0100 RUNO
0101 RUN1
0110 RUN2
0111 RUN3
1000 HALT
1001 reserved
1010 STOP
1011 reserved
1100 reserved
1101 STANDBY
1110 reserved
1111 reserved

Control key — These bits enable write access to this register. Any write access to the register with
a value different from the keys is ignored. Read access will always return inverted key.

KEY: 0101101011110000 (0x5AFO0)
INVERTED KEY: 1010010100001111 (OxA50F)

TARGET_M
ODE

KEY

8.3.1.3 Mode Enable Register (ME_ME)

Address OxC3FD_C008 Access: User read, Supervisor read/write, Test read/write

2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
% 2|3 | ¥ m
(32) (o} —

REOJo g ojolgio) s 2 g g5 g|<|5 |3
z = < ) ) ) o o L o

Z n T T T T =

W »

Reset 0 0O 0 0 /0 O O O, 0 o0 o0 1|1 1 0 1

Figure 52. Mode Enable Register (ME_ME)

This register allows a way to disable the device modes which are not required for a given
device. RESET, SAFE, DRUN, and RUNO modes are always enabled.
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Table 66. Mode Enable Register (ME_ME) Field Descriptions

Field

Description

STANDBY

STANDBY mode enable

0 STANDBY mode is disabled
1 STANDBY mode is enabled

STOP

STOP mode enable

0 STOP mode is disabled
1 STOP mode is enabled

HALT

HALT mode enable

0 HALT mode is disabled
1 HALT mode is enabled

RUN3

RUN3 mode enable

0 RUN3 mode is disabled
1 RUN3 mode is enabled

RUN2

RUN2 mode enable

0 RUNZ2 mode is disabled
1 RUN2 mode is enabled

RUN1

RUN1 mode enable

0 RUN1 mode is disabled
1 RUN1 mode is enabled

RUNO

RUNO mode enable

0 RUNO mode is disabled
1 RUNO mode is enabled

DRUN

DRUN mode enable

0 DRUN mode is disabled
1 DRUN mode is enabled

SAFE

SAFE mode enable

0 SAFE mode is disabled
1 SAFE mode is enabled

TEST

TEST mode enable

0 TEST mode is disabled
1 TEST mode is enabled

RESET

RESET mode enable

0 RESET mode is disabled
1 RESET mode is enabled
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8.3.1.4 Interrupt Status Register (ME_IS)

Address 0xC3FD_C00C Access: User read, Supervisor read/write, Test read/write

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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

AEAEREE

R| O 0 0 0 0 0 0 0 0 0 0 0 O = §)| §|

1 1 - -

W wlc | wilc | wic | wilc

o
o
o
o

Reset O 0 0 0 0 0 0 0 0 0 0 0

Figure 53. Interrupt Status Register (ME_IS)

This register provides the current interrupt status.

Table 67. Interrupt Status Register (ME_IS) Field Descriptions

Field Description

Invalid mode configuration interrupt — This bit is set whenever a write operation to
ME_<mode>_MC registers with invalid mode configuration is attempted. It is cleared by writing a ‘1’
|_ICONF | to this bit.

0 No invalid mode configuration interrupt occurred

1 Invalid mode configuration interrupt is pending

Invalid mode interrupt — This bit is set whenever an invalid mode transition is requested. It is
cleared by writing a ‘1’ to this bit.

I_IMODE
- 0 No invalid mode interrupt occurred

1 Invalid mode interrupt is pending

SAFE mode interrupt — This bit is set whenever the device enters SAFE mode on hardware
| SAFE requests generated in the system. It is cleared by writing a ‘1’ to this bit.

0 No SAFE mode interrupt occurred
1 SAFE mode interrupt is pending

Mode transition complete interrupt — This bit is set whenever the mode transition process
completes (S_MTRANS transits from 1 to 0). It is cleared by writing a ‘1’ to this bit. This mode
|_MTC transition interrupt bit will not be set while entering low-power modes HALT, STOP, or STANDBY.

0 No mode transition complete interrupt occurred
1 Mode transition complete interrupt is pending
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8.3.1.5 Interrupt Mask Register (ME_IM)

Address OxC3FD_CO010 Access: User read, Supervisor read/write, Test read/write
2 3 4 5 6 7 8 9 10 1 12 13 14 15
R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R| O 0 0 0 0 0 0 0 0 0 0 0 = "5 H O
@) e < =
[
s |s| =] =2
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 54. Interrupt Mask Register (ME_IM)
This register controls whether an event generates an interrupt or not.
Table 68. Interrupt Mask Register (ME_IM) Field Descriptions
Field Description
Invalid mode configuration interrupt mask
M_ICONF |0 Invalid mode interrupt is masked
1 Invalid mode interrupt is enabled
Invalid mode interrupt mask
M_IMODE |0 Invalid mode interrupt is masked
1 Invalid mode interrupt is enabled
SAFE mode interrupt mask
M_SAFE |0 SAFE mode interrupt is masked
1 SAFE mode interrupt is enabled
Mode transition complete interrupt mask
M_MTC |0 Mode transition complete interrupt is masked
1 Mode transition complete interrupt is enabled
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8.3.1.6 Invalid Mode Transition Status Register (ME_IMTS)

Address OxC3FD_C014 Access: User read, Supervisor read/write, Test read/write

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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
= = < < <
= o w
R O 0 0 0 0 0 0 0 0 0 0 §| El g % U)l
0 N ml wl 0
W wlc | wlc | wilc | wlc | wlc

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 55. Invalid Mode Transition Status Register (ME_IMTS)

This register provides the status bits for each cause of invalid mode interrupt.

Table 69. Invalid Mode Transition Status Register (ME_IMTS) Field Descriptions

Field Description

Mode Transition lllegal status — This bit is set whenever a new mode is requested while some
other mode transition process is active (S_MTRANS is ‘1’). Please see Section 8.4.5: Mode
S_MTI Transition Interrupts for the exceptions to this behavior. It is cleared by writing a ‘1’ to this bit.

0 Mode transition requested is not illegal

1 Mode transition requested is illegal

Mode Request lllegal status — This hit is set whenever the target mode requested is not a valid
mode with respect to current mode. It is cleared by writing a ‘1’ to this bit.

0 Target mode requested is not illegal with respect to current mode

1 Target mode requested is illegal with respect to current mode

S_MRI

Disabled Mode Access status — This bit is set whenever the target mode requested is one of
those disabled modes determined by ME_ME register. It is cleared by writing a ‘1’ to this bit.

0 Target mode requested is not a disabled mode

1 Target mode requested is a disabled mode

S_DMA

Non-existing Mode Access status — This bit is set whenever the target mode requested is one of
those non existing modes determined by ME_ME register. It is cleared by writing a ‘1’ to this bit.

0 Target mode requested is an existing mode

1 Target mode requested is a non-existing mode

SAFE Event Active status — This bit is set whenever the device is in SAFE mode, SAFE event bit
is pending and a new mode requested other than RESET/SAFE modes. It is cleared by writing a ‘1’
S_SEA to this bit.

0 No new mode requested other than RESET/SAFE while SAFE event is pending

1 New mode requested other than RESET/SAFE while SAFE event is pending

S_NMA
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8.3.1.7 Debug Mode Transition Status Register (ME_DMTS)

Address OxC3FD_CO018 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

> O} O]

] o] o
2 x =) @
Rl O 0 0 0 0 0 0 0 @1 o0 0 ol ylo 0 =
T (@) x 0

a = o}

= o O

W

Reset O 0

16 17

o
o
o
o
o
o
o
o
o
o
o
o
o
o

N
©
=
©
N
o
N
=
N
N
N
w
N
~

25 26 27

N
©
w
=}
w
=

A
o
FMPLL_SC

FXOSC_SC
FIRC_SC
DFLASH_SC
CFLASH_SC

o
SYSCLK_SW

CDP_PRPH_0_143

o

o

o

CDP_PRPH_96_127|3
CDP_PRPH_64_95
CDP_PRPH_32_63
CDP_PRPH_0_31

Reset O 0

0 0 0 0 0 0 0 0 0 0 0 0

o
o

Figure 56. Debug Mode Transition Status Register (ME_DMTS)

This register provides the status of different factors which influence mode transitions. It is
used to give an indication of why a mode transition indicated by ME_GS.S_MTRANS may
be taking longer than expected.

Note: The ME_DMTS register does not indicate whether a mode transition is ongoing. Therefore,
some ME_DMTS bits may still be asserted after the mode transition has completed.

Table 70. Debug Mode Transition Status Register (ME_DMTS) Field Descriptions

Field Description
MC_ME/MC_PCU Handshake Busy indicator — This bit is set if the MC_ME has requested
a mode change from the MC_PCU and the MC_PCU has not yet responded. It is cleared
MPH_BUSY when the MC_PCU has responded.
0 Handshake is not busy
1 Handshake is busy
MC_PCU Mode Change in Progress indicator — This bit is set if the MC_PCU is in the
process of powering up or down power domains. It is cleared when all power-up/down
PMC_PROG processes have completed.
0 Power-up/down transition is not in progress
1 Power-up/down transition is in progress
Processor is in Debug mode indicator — This bit is set while the processor is in debug
mode.
CORE_DBG

0 The processor is not in debug mode
1 The processor is in debug mode

S74

DocID15700 Rev 10 197/1044




Mode Entry Module (MC_ME) RMO0037

Table 70. Debug Mode Transition Status Register (ME_DMTS) Field Descriptions (continued)

Field Description

SAFE mode request from MC_RGM is active indicator — This bit is set if a hardware SAFE
mode request has been triggered. It is cleared when the hardware SAFE mode request has
SMR been cleared.

0 A SAFE mode request is not active

1 A SAFE mode request is active

FMPLL State Change during mode transition indicator — This bit is set when the frequency
modulated phase locked loop is requested to change its power up/down state. It is cleared
FMPLL_SC when the frequency modulated phase locked loop has completed its state change.

0 No state change is taking place
1 A state change is taking place

FXOSC State Change during mode transition indicator — This bit is set when the fast
external crystal oscillator (4-16 MHz) is requested to change its power up/down state. It is
FXOSC_SC cleared when the fast external crystal oscillator (4-16 MHz) has completed its state change.

0 No state change is taking place
1 A state change is taking place

FIRC State Change during mode transition indicator — This bit is set when the fast internal
RC oscillator (16 MHz) is requested to change its power up/down state. It is cleared when
FIRC_SC the fast internal RC oscillator (16 MHz) has completed its state change.

0 No state change is taking place
1 A state change is taking place

System Clock Switching pending status —

SYSCLK_SwW 0 No system clock source switching is pending

1 A system clock source switching is pending

DFLASH State Change during mode transition indicator — This bit is set when the DFLASH

is requested to change its power up/down state. It is cleared when the DFLASH has
DFLASH_SC completed its state change.

0 No state change is taking place
1 A state change is taking place

CFLASH State Change during mode transition indicator — This bit is set when the CFLASH
is requested to change its power up/down state. It is cleared when the DFLASH has
CFLASH_SC completed its state change.

0 No state change is taking place
1 A state change is taking place

Clock Disable Process Pending status for Peripherals 0...143 — This bit is set when any
peripheral has been requested to have its clock disabled. It is cleared when all the
peripherals which have been requested to have their clocks disabled have entered the state
in which their clocks may be disabled.

0 No peripheral clock disabling is pending

1 Clock disabling is pending for at least one peripheral

CDP_PRPH_0_143

Clock Disable Process Pending status for Peripherals 96...127 — This bit is set when any
peripheral appearing in ME_PS3 has been requested to have its clock disabled. It is cleared
when all these peripherals which have been requested to have their clocks disabled have
entered the state in which their clocks may be disabled.

0 No peripheral clock disabling is pending

1 Clock disabling is pending for at least one peripheral

CDP_PRPH_96_127
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Table 70. Debug Mode Transition Status Register (ME_DMTS) Field Descriptions (continued)

Field Description

Clock Disable Process Pending status for Peripherals 64...95 — This bit is set when any
peripheral appearing in ME_PS2 has been requested to have its clock disabled. It is cleared
when all these peripherals which have been requested to have their clocks disabled have
entered the state in which their clocks may be disabled.

0 No peripheral clock disabling is pending

1 Clock disabling is pending for at least one peripheral

CDP_PRPH_64 95

Clock Disable Process Pending status for Peripherals 32...63 — This bit is set when any
peripheral appearing in ME_PS1 has been requested to have its clock disabled. It is cleared
when all these peripherals which have been requested to have their clocks disabled have
entered the state in which their clocks may be disabled.

0 No peripheral clock disabling is pending

1 Clock disabling is pending for at least one peripheral

CDP_PRPH_32 63

Clock Disable Process Pending status for Peripherals 0...31 — This bit is set when any
peripheral appearing in ME_PSO0 has been requested to have its clock disabled. It is cleared
when all these peripherals which have been requested to have their clocks disabled have
entered the state in which their clocks may be disabled.

0 No peripheral clock disabling is pending

1 Clock disabling is pending for at least one peripheral

CDP_PRPH_0_31

8.3.1.8 RESET Mode Configuration Register (ME_RESET_MC)

Address OxC3FD_C020 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
zZ
R| O 0 0 0 0 0 0 0 |PDO| O 0 g DFLAON CFLAON
=
w

Reset O 0 0 0 0 0 0 0 0 0 0

[ERN
[EEN
[EEN
IR
[EEN

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
RIERE:
R 0 0 0 0 0 0 0 0 0 i 8 %r) SYSCLK
| 2| ®
w

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

Figure 57. Invalid Mode Transition Status Register (ME_IMTS)

This register configures system behavior during RESET mode. Please see Table 71 for
details.
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8.3.1.9 TEST Mode Configuration Register (ME_TEST_MC)

Address OxC3FD_C024 Access: User read, Supervisor read/write, Test read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Z
o
Rl O 0 0 0 0 0 0 0 0 0 x
PDO < | DFLAON | CFLAON
W
Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
=z
R| 0 0 0 0 0 0 0 0 0 § 5 z
- %) Q SYSCLK
W % @] o
| & |E
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Figure 58. TEST Mode Configuration Register (ME_TEST_MC)
This register configures system behavior during TEST mode. Please see Table 71 for
details.
Note: Byte and half-word write accesses are not allowed to this register.
8.3.1.10 SAFE Mode Configuration Register (ME_SAFE_MC)

Address OxC3FD_C028

Access: User read, Supervisor read/write, Test read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
)
R| 0 0 0 0 0 0 0 0 0 0 @ | DFLAON | CFLAON
PDO §
Reset 0 0 0 0 0 0 0 0 1 0 0 1 1 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
zZ b
S 18138
R| 0 0 0 0 0 0 0 0 0 = % S SYSCLK
: & |®
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 59. SAFE Mode Configuration Register (ME_SAFE_MC)

This register configures system behavior during SAFE mode. Please see Table 71 for

details.
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Note:

8.3.1.11

Address OXxC3FD_C02C

Byte and half-word write accesses are not allowed to this register.

DRUN Mode Configuration Register (ME_DRUN_MC)

Access: User read, Supervisor read/write, Test read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
5
R| O 0 0 0 0 0 0 0O [(PDO| O 0 [0
2 | DFLAON | CFLAON
\W
Reset O 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
z |z | &
RRo|lo|lo|o|o|]o|o]oOo|O0O]|S]|8]¢
| N o SYSCLK
S| Q=
w i
Reset O 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Figure 60. DRUN Mode Configuration Register (ME_DRUN_MC)
This register configures system behavior during DRUN mode. Please see Table 71 for
details.
Note: Byte and half-word write accesses are not allowed to this register.
Note: The values of FXOSCON, CFLAON and DFLAON are retained through STANDBY mode.
8.3.1.12 RUNO...3 Mode Configuration Registers (ME_RUNO...3_MC)

Address 0xC3FD_CO030 - 0xC3FD_C03C

Access: User read, Supervisor read/write, Test read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
&)
R| 0 0 0 0 0 0 0 0 |PDO| O 0 &
§ DFLAON | CFLAON
W
Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
z | 2 &
R| 0 0 0 0 0 0 0 0 0 o S O
J | o | K SYSCLK
S| Q=
W |
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

3

Figure 61. RUNO...3 Mode Configuration Registers (ME_RUNO...3_MC)
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This register configures system behavior during RUNO...3 modes. Please see Table 71 for

details.
Note: Byte and half-word write accesses are not allowed to this register.
8.3.1.13 HALT Mode Configuration Register (ME_HALT_MC)

Address OxC3FD_C040 Access: User read, Supervisor read/write, Test read/write

2 6 8 10 11 12 13 14 15
Rro|lo|o|o|o0o]|] o] o] of|PO|O]|oO/|F§
& | DFLAON | CFLAON
W >
s
Reset 0 0 O o0 0O O O OO0 O O 1 1 0 1 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
b4 =z
RLOJoJojojojojojo]jo]|3 5|z
2| o | © SYSCLK
[a @) @
w = < L
L L
Reset 0 0 O 0 0O O O OO0 O O 1,0 0 0 ©

Figure 62. HALT Mode Configuration Register (ME_HALT_MC)

This register configures system behavior during HALT mode. Please see Table 71 for

details.
Note: Byte and half-word write accesses are not allowed to this register.
8.3.1.14 STOP Mode Configuration Register (ME_STOP_MC)

Address OxC3FD_C048 Access: User read, Supervisor read/write, Test read/write

2 6 8 10 11 12 13 14 15
RLo|o|lo]|o|o0o]|oO0]|oO0]oO o| o0l 3§
PDO x DFLAON | CFLAON
W >
S
Reset O 0 0 0 0 0 0 0 0 0 0 1 0 1 0 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
zZ
21z 2
Rl 0 0 0 0 0 0 0 0 o|F | 3|5
s D ) SYSCLK
T ) o
< o
W L
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
Figure 63. STOP Mode Configuration Register (ME_STOP_MC)
This register configures system behavior during STOP mode. Please see Table 71 for
details.
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Note: Byte and half-word write accesses are not allowed to this register.
8.3.1.15 STANDBY Mode Configuration Register (ME_STANDBY_MC)
Address OxC3FD_C054 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
5
R| O 0 0 0 0 0 0 0 |[PDO| O 0 0>: DFLAON CFLAON
=
w
Reset 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
pd z
@) o]
— @) z
R| O 0 0 0 0 0 0 0 0 7 8 o SYSCLK
O
= P x
L LL 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1
Figure 64. STANDBY Mode Configuration Register (ME_STANDBY_MC)
This register configures system behavior during STANDBY mode. Please see Table 71 for
details.
Note: Byte and half-word write accesses are not allowed to this register.
Table 71. Mode Confutation Registers (ME_<mode>_MC) Field Descriptions
Field Description
I/O output power-down control — This bit controls the output power-down of 1/Os.
0 No automatic safe gating of 1/0Os used and pads power sequence driver is enabled
1 In SAFE/TEST modes, outputs of pads are forced to high impedance state and pads power
PDO sequence driver is disabled. The inputs are level unchanged. In STOP mode, only pad power
sequence driver is disabled but the state of the output is kept. In STANDBY mode, power
sequence driver and all pads except those mapped on wakeup lines are not powered and
therefore high impedance. Wakeup line configuration remains unchanged.
Main voltage regulator control — This bit specifies whether main voltage regulator is switched off or
not while entering this mode.
MVRON . . .
0 Main voltage regulator is switched off
1 Main voltage regulator is switched on
Data flash power-down control — This bit specifies the operating mode of the data flash after
entering this mode.
OOreserved
01 Data flash is in power-down mode
DFLAON |10 Data flash is in low-power mode
11 Data flash is in normal mode
Note: If the flash memory is to be powered down in any mode, then your software must ensure that
reset sources are configured as long resets in the RGM_FESS register (see Section 9.3.1.7:
Functional Event Short Sequence Register (RGM_FESS)).
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Table 71. Mode Confutation Registers (ME_<mode>_MC) Field Descriptions (continued)

Field

Description

CFLAON

Code flash power-down control — This bit specifies the operating mode of the program flash after
entering this mode.

00 reserved

01 Code flash is in power-down mode
10 Code flash is in low-power mode
11 Code flash is in normal mode

FMPLLON

frequency modulated phase locked loop control

0 frequency modulated phase locked loop is switched off
1 frequency modulated phase locked loop is switched on

FXOSCON

fast external crystal oscillator (4-16 MHz) control

0 fast external crystal oscillator (4-16 MHz) is switched off
1 fast external crystal oscillator (4-16 MHz) is switched on

FIRCON

fast internal RC oscillator (16 MHz) control

0 fastinternal RC oscillator (16 MHz) is switched off
1 fast internal RC oscillator (16 MHz) is switched on

SYSCLK

System clock switch control — These bits specify the system clock to be used by the system.

0000 16 MHz int. RC osc.
0001 div. 16 MHz int. RC osc.
0010 4-16 MHz ext. xtal osc.
0011 div. ext. xtal osc.

0100 freq. mod. PLL

0101 reserved

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 system clock is disabled

204/1044
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8.3.1.16

Address OXxC3FD_C060

Peripheral Status Register 0 (ME_PSO0)

Access: User read, Supervisor read, Test read

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
<
2 Ln < ™ [aV] — o
= zZ = zZ z z z
T SIS13138(13|38
O
R O 0 0 0 0 0 0 0 <, 0 5 E) E 5 E) E
= " " " H " "
5, n n n n n n
n
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
(o)} [e¢]
x| % w | | @ |~ | 4|2
2 =2 a o o a o o
Rl O 0 = = 0 0 8 8 8 8 8 8 0 0 0 0
:I :l o o " o o "
n n
W
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 65. Peripheral Status Register 0 (ME_PSO0)

This register provides the status of the peripherals. Please see Table 72 for details.

8.3.1.17

Address OxC3FD_C064

Peripheral Status Register 1 (ME_PS1)

Access: User read, Supervisor read, Test read

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
2 slele|z|els]=]e
E =) o | o || @ | @ || 3|3
RRro|o|o |2 |o|o|OC|o0o|Z|E2|2|Z2|2|2]|2]|:z
3 o Sl S A A A S
O, vl |lo|lo|o|lo|l«o]|o
)]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
o — o
O (@] @]
RO oo & tofojojo | o0o|o0ofo0ojojo0o|o0|gQ|Zg
n » 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 66. Peripheral Status Register 1 (ME_PS1)
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This register provides the status of the peripherals. Please see Table 72 for details.

8.3.1.18

Address OXxC3FD_C068

Peripheral Status Register 2 (ME_PS2)

Access: User read, Supervisor read, Test read

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
= o
x| <
Rl O 0 0 I:I IL—) 0 0 0 0 0 0 0 0 0 0 0
D_l I
0p] U')l
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
— =)
n %) 2 _1
] o} L )
Rl O 0 0 0 0 0 s s 0 0 = U)I 0 0 0 0
(O] (] | 10
0w | o n
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 67. Peripheral Status Register 2 (ME_PS2)

This register provides the status of the peripherals. Please see Table 72 for detalils.

8.3.1.19

Address OXxC3FD_C06C

2

Peripheral Status Register 3 (ME_PS3)

Access: User read, Supervisor read, Test read

10

11

12

13

14

15

R| O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

2
R O 0 0 0 0 0 0 % 0 0 0 0 0 0 0 0

”
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 68. Peripheral Status Register 3 (ME_PS3)

This register provides the status of the peripherals. Please see Table 72 for details.
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Table 72. Peripheral Status Registers 0...4 (ME_PSO...4) Field Descriptions

Field Description

Peripheral status — These bits specify the current status of the peripherals in the system. If no
peripheral is mapped on a particular position, the corresponding bit is always read as ‘0'.

0 Peripheral is frozen

1 Peripheral is active

S_<periph>

8.3.1.20 Run Peripheral Configuration Registers (ME_RUN_PCO0...7)

Address OXxC3FD_C080 - 0xC3FD_C09C Access: User read, Supervisor read/write, Test read/write

2 3 4 5 6 7 8 9 10 11 12 13 14 15
Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
L
R| O 0 0 0 0 0 0 0 2 g = S % w > a
2 -} -} 2 @ < i o
@ @ @ x [a) 0 =
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 69. Run Peripheral Configuration Registers (ME_RUN_PCO...7)

These registers configure eight different types of peripheral behavior during run modes.

Table 73. Run Peripheral Configuration Registers (ME_RUN_PCO...7)
Field Descriptions

Field Description

Peripheral control during RUN3

RUN3 0 Peripheral is frozen with clock gated
1 Peripheral is active

Peripheral control during RUN2

RUNZ2 0 Peripheral is frozen with clock gated
1 Peripheral is active

Peripheral control during RUN1

RUN1 0 Peripheral is frozen with clock gated
1 Peripheral is active

Peripheral control during RUNO

RUNO 0 Peripheral is frozen with clock gated
1 Peripheral is active

Peripheral control during DRUN

DRUN 0 Peripheral is frozen with clock gated
1 Peripheral is active

3
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Table 73. Run Peripheral Configuration Registers (ME_RUN_PCO...7)
Field Descriptions (continued)

Field Description

Peripheral control during SAFE

SAFE 0 Peripheral is frozen with clock gated
1 Peripheral is active

Peripheral control during TEST

TEST 0 Peripheral is frozen with clock gated
1 Peripheral is active

Peripheral control during RESET

RESET 0 Peripheral is frozen with clock gated
1 Peripheral is active

8.3.1.21 Low-Power Peripheral Configuration Registers (ME_LP_PCO...7)

Address OXxC3FD_COAO - OxC3FD_CO0BC Access: User read, Supervisor read/write, Test read/write

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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
>
R| O 0 ﬂD] 0 0 o 0 — 0 0 0 0 0 0 0 0
o) il
zZ = <
W Z n T
n
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 70. Low-Power Peripheral Configuration Registers (ME_LP_PCO...7)

These registers configure eight different types of peripheral behavior during non-run modes.

Table 74. Low-Power Peripheral Configuration Registers (ME_LP_PCO0...7)
Field Descriptions

Field Description

Peripheral control during STANDBY

STANDBY |0 Peripheral is frozen with clock gated
1 Peripheral is active

Peripheral control during STOP

STOP 0 Peripheral is frozen with clock gated
1 Peripheral is active

Peripheral control during HALT

HALT 0 Peripheral is frozen with clock gated
1 Peripheral is active

3
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8.3.1.22  Peripheral Control Registers (ME_PCTLO...143)

Address OXxC3FD_CO0CO - OxC3FD_C14F Access: User read, Supervisor read/write, Test read/write
1 2 3 ‘ 4 5 6 7
R 0
DBG_F LP_CFG RUN_CFG
w
Reset 0 0 0 0 ‘ 0 0 0 0

Figure 71. Peripheral Control Registers (ME_PCTLO...143)

These registers select the configurations during run and non-run modes for each peripheral.

Table 75. Peripheral Control Registers (ME_PCTLO...143) Field Descriptions

Field Description

Peripheral control in debug mode — This bit controls the state of the peripheral in debug mode.

0 Peripheral state depends on RUN_CFG/LP_CFG bits and the device mode.

DBG_F 1 Peripheral is frozen if not already frozen in device modes.

Note: This feature is useful to freeze the peripheral state while entering debug. For example, this may
be used to prevent a reference timer from running while making a debug accesses.

Peripheral configuration select for non-run modes — These bits associate a configuration as defined
in the ME_LP_PCO...7 registers to the peripheral.

000 Selects ME_LP_PCO configuration
001 Selects ME_LP_PC1 configuration
010 Selects ME_LP_PC2 configuration
011 Selects ME_LP_PC3 configuration
100 Selects ME_LP_PC4 configuration
101 Selects ME_LP_PCS5 configuration
110 Selects ME_LP_PC6 configuration
111 Selects ME_LP_PC7 configuration

Peripheral configuration select for run modes — These bits associate a configuration as defined in
the ME_RUN_PCO...7 registers to the peripheral.

000 Selects ME_RUN_PCO configuration
001 Selects ME_RUN_PC1 configuration
010 Selects ME_RUN_PC2 configuration
011 Selects ME_RUN_PC3 configuration
100 Selects ME_RUN_PC4 configuration
101 Selects ME_RUN_PCS5 configuration
110 Selects ME_RUN_PC6 configuration
111 Selects ME_RUN_PC7 configuration

LP_CFG

RUN_CFG

8.4 Functional Description

8.4.1 Mode Transition Request

The transition from one mode to another mode is normally handled by software by
accessing the mode control ME_MCTL register. But in case of special events, mode

3
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transition can be automatically managed by hardware. In order to switch from one mode to
another, the application should access ME_MCTL register twice by writing

e the first time with the value of the key (0x5AF0) into the KEY bit field and the required
target mode into the TARGET_MODE bit field,

e and the second time with the inverted value of the key (OXA50F) into the KEY bit field
and the required target mode into the TARGET_MODE bit field.

Once a valid mode transition request is detected, the target mode configuration information
is loaded from the corresponding ME_<mode>_MC register. The mode transition request
may require a number of cycles depending on the programmed configuration, and software
should check the S_ CURRENT_MODE bit field and the S_MTRANS bit of the global status
register ME_GS to verify when the mode has been correctly entered and the transition
process has completed. For a description of valid mode requests, please see Section 8.4.5:
Mode Transition Interrupts.

Any modification of the mode configuration register of the currently selected mode will not
be taken into account immediately but on the next request to enter this mode. This means
that transition requests such as RUNO...3 —» RUNO...3, DRUN — DRUN, SAFE — SAFE,
and TEST — TEST are considered valid mode transition requests. As soon as the mode
request is accepted as valid, the S_ MTRANS bit is set till the status in the ME_GS register
matches the configuration programmed in the respective ME_<mode>_MC register.

Note: It is recommended that software poll the S_ MTRANS bit in the ME_GS register after
requesting a transition to HALT, STOP, or STANDBY modes.

SYSTEM MODES  'ecoverable USER MODES
hardware failure _

software
request

non-recoverable
failure

STANDBY

Figure 72. MC_ME Mode Diagram
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8.4.2

8.4.2.1

8.4.2.2

Note:

3

Modes Details

RESET Mode

The device enters this mode on the following events:

e from SAFE, DRUN, RUNO...3, or TEST mode when the TARGET_MODE bit field of the
ME_MCTL register is written with “0000”

¢ from any mode due to a system reset by the MC_RGM because of some non-
recoverable hardware failure in the system (see the MC_RGM chapter for details)

Transition to this mode is instantaneous, and the system remains in this mode until the reset
sequence is finished. The mode configuration information for this mode is provided by the
ME_RESET_MC register. This mode has a pre-defined configuration, and the 16 MHz int.
RC osc. is selected as the system clock. All power domains are made active in this mode.

DRUN Mode

The device enters this mode on the following events.
e automatically from RESET mode after completion of the reset sequence

e from RUNO...3, SAFE, or TEST mode when the TARGET_MODE bit field of the
ME_MCTL register is written with “0011”

e from the STANDBY mode after an external wakeup event or internal wakeup alarm
(e.g. RTC/API event)

As soon as any of the above events has occurred, a DRUN mode transition request is
generated. The mode configuration information for this mode is provided by the
ME_DRUN_MC register. In this mode, the flashes, all clock sources, and the system clock
configuration can be controlled by software as required. After system reset, the software
execution starts with the default configuration selecting the 16 MHz int. RC osc. as the
system clock.

This mode is intended to be used by software
e toinitialize all registers as per the system needs
e to execute small routines in a ‘ping-pong’ with the STANDBY mode

When this mode is entered from STANDBY after a wakeup event, the ME_DRUN_MC
register content is restored to its pre-STANDBY values, and the mode starts in that
configuration.

All power domains are active when this mode is entered due to a system reset sequence
initiated by a destructive reset event. In other cases of entry, such as the exit from
STANDBY after a wakeup event, a functional reset event like an external reset or a software
request from RUNO...3, SAFE, or TEST mode, active power domains are determined by the
power configuration registers PCU_PCONF2...3 of the MC_PCU. All power domains except
power domains #0 and #1 are configurable in this mode (see the MC_PCU chapter for
details).

As flashes can be configured in low-power or power-down state in this mode, software must
ensure that the code executes from RAM before changing to this mode.

DocID15700 Rev 10 211/1044




Mode Entry Module (MC_ME) RMO0037

8.4.2.3

Note:

8424
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SAFE Mode

The device enters this mode on the following events:

e from DRUN, RUNO...3, or TEST mode when the TARGET_MODE bhit field of the
ME_MCTL register is written with “0010”

e from any mode except RESET due to a SAFE mode request generated by the
MC_RGM because of some potentially recoverable hardware failure in the system (see
the MC_RGM chapter for details)

As soon as any of the above events has occurred, a SAFE mode transition request is
generated. The mode configuration information for this mode is provided by the
ME_SAFE_MC register. This mode has a pre-defined configuration, and the 16 MHz int. RC
osc. is selected as the system clock. All power domains are made active in this mode.

If the SAFE mode is requested by software while some other mode transition process is
ongoing, the new target mode becomes the SAFE mode regardless of other pending
requests. In this case, the new mode request is not interpreted as an invalid request.

If software requests to change to the SAFE mode and then requests to change back to the
parent mode before the mode transition is completed, the device’s final mode after mode
transition will be the parent mode. However, this is not recommended software behavior. It is
recommended for software to wait until the S_MTRANS bit is cleared after requesting a
change to SAFE before requesting another mode change.

As long as a SAFE event is active, the system remains in the SAFE mode and no write
access is allowed to the ME_MCTL register.
This mode is intended to be used by software
e to assess the severity of the cause of failure and then to either
—  re-initialize the device via the DRUN mode, or
— completely reset the device via the RESET mode.
If the outputs of the system I/Os need to be forced to a high impedance state upon entering

this mode, the PDO bit of the ME_SAFE_MC register should be set. In this case, the pads’
power sequence driver cell is also disabled. The input levels remain unchanged.

TEST Mode

The device enters this mode on the following events:

¢ from the DRUN mode when the TARGET_MODE bit field of the ME_MCTL register is
written with “0001”

As soon as any of the above events has occurred, a TEST mode transition request is
generated. The mode configuration information for this mode is provided by the
ME_TEST_MC register. Except for the main voltage regulator, all resources of the system
are configurable in this mode. The system clock to the whole system can be stopped by
programming the SYSCLK bit field to “1111”, and in this case, the only way to exit this mode
is via a device reset.

This mode is intended to be used by software
e to execute on-chip test routines

All power domains except power domains #0 and #1 are configurable in this mode. Active
power domains are determined by the power configuration registers PCU_PCONF2...3 of
the MC_PCU.
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Note:

8.4.2.5

Note:

8.4.2.6

3

As flash modules can be configured to a low-power or power-down state in these modes,
software must ensure that the code will execute from RAM before it changes to this mode.

RUNO...3 Modes

The device enters one of these modes on the following events:

e from the DRUN another RUNO...3 mode when the TARGET_MODE bit field of the
ME_MCTL register is written with “0100...0111"

e from the HALT mode by an interrupt event

e from the STOP mode by an interrupt or wakeup event

As soon as any of the above events occur, a RUNO...3 mode transition request is
generated. The mode configuration information for these modes is provided by
ME_RUNO...3_MC registers. In these modes, the flashes, all clock sources, and the system
clock configuration can be controlled by software as required.

These modes are intended to be used by software

e to execute application routines

All power domains except power domains #0 and #1 are configurable in these modes in

order to reduce leakage consumption. Active power domains are determined by the power
configuration registers PCU_PCONF2...3 of the MC_PCU.

As flash modules can be configured to a low-power or power-down state in these modes,
software must ensure that the code will execute from RAM before it changes to this mode.

HALT Mode

The device enters this mode on the following events:
e from one of the RUNO...3 modes when the TARGET_MODE bit field of the ME_MCTL
register is written with “1000".

As soon as any of the above events occur, a HALT mode transition request is generated.
The mode configuration information for this mode is provided by ME_HALT_MC register.
This mode is quite configurable, and the ME_HALT_MC register should be programmed
according to the system needs. The main voltage regulator and the flashes can be put in
power-down mode as needed. If there is a HALT mode request while an interrupt request is
active, the device mode does not change, and an invalid mode interrupt is not generated.

This mode is intended as a first level low-power mode with

e the core clock frozen
e only a few peripherals running

and to be used by software
e to wait until it is required to do something and then to react quickly (i.e. within a few
system clock cycles of an interrupt event)

All power domains except power domains #0 and #1 are configurable in this mode in order
to reduce leakage consumption. Active power domains are determined by the power
configuration registers PCU_PCONF2...3 of the MC_PCU.
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8.4.2.7

8.4.2.8
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STOP Mode

The device enters this mode on the following events:

e from one of the RUNO...3 modes when the TARGET_MODE bit field of the ME_MCTL
register is written with “1010".

As soon as any of the above events occur, a STOP mode transition request is generated.
The mode configuration information for this mode is provided by the ME_STOP_MC
register. This mode is fully configurable, and the ME_STOP_MC register should be
programmed according to the system needs. The FMPLL is switched off in this mode. The
main voltage regulator and the flashes can be put in power-down mode as needed. If there
is a STOP mode request while any interrupt or wakeup event is active, the device mode
does not change, and an invalid mode interrupt is not generated.

This can be used as an advanced low-power mode with the core clock frozen and almost all
peripherals stopped.

This mode is intended as an advanced low-power mode with
e the core clock frozen
e almost all peripherals stopped

and to be used by software

e to wait until it is required to do something with no need to react quickly (e.g. allow for
system clock source to be re-started)

If the pads’ power sequence driver cell needs to be disabled while entering this mode, the
PDO bit of the ME_STOP_MC register should be set. The state of the outputs is kept.

This mode can be used to stop all clock sources, thus preserving the device status. When
exiting the STOP mode, the fast internal RC oscillator (16 MHz) clock is selected as the
system clock until the target clock is available.

All power domains except power domains #0 and #1 are configurable in this mode in order
to reduce leakage consumption. Active power domains are determined by the power
configuration registers PCU_PCONF2...3 of the MC_PCU.

STANDBY Mode

The device enters this mode on the following events:

¢ from the DRUN or one of the RUNO...3 modes when the TARGET_MODE bit field of
the ME_MCTL register is written with “1101".

As soon as any of the above events occur, a STANDBY mode transition request is
generated. The mode configuration information for this mode is provided by the
ME_STANDBY_MC register. In this mode, the power supply is turned off for most of the
device. The only parts of the device that are still powered during this mode are pads
mapped on wakeup lines and power domain #0 which contains the MC_RGM, MC_PCU,
WKPU, 8K RAM (0x0000 - 0x1FFF), RTC_API, CANSampler, SIRC, FIRC, SXOSC, and
device and user option bits. The FIRC can be optionally switched off. This is the lowest
power consumption mode possible on the device.

This mode is intended as an extreme low-power mode with
e the core, the flashes, and almost all peripherals and memories powered down
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8.4.3

8.4.3.1

8.4.3.2

3

and to be used by software

e towait until it is required to do something with no need to react quickly (i.e. allow for
system power-up and system clock source to be re-started)

The exit sequence of this mode is similar to the reset sequence. However, in addition to
booting from the default location, the device can also be configured to boot from the backup
RAM (see the RGM_STDBY register description in the MC_RGM chapter for details). In the
case of booting from backup RAM, it is also possible to keep the flashes disabled by writing
“01” to the CFLAON and DFLAON fileds in the ME_DRUN_MC register prior to STANDBY
entry.

If there is a STANDBY mode request while any wakeup event is active, the device mode
does not change.

All power domains except power domain #0 are configurable in this mode in order to reduce
leakage consumption. Active power domains are determined by the power configuration
registers PCU_PCONF2...3 of the MC_PCU.

Mode transition process

The process of mode transition follows the following steps in a pre-defined manner
depending on the current device mode and the requested target mode. In many cases of
mode transition, not all steps need to be executed based on the mode control information,
and some steps may not be valid according to the mode definition itself.

Target Mode Request

The target mode is requested by accessing the ME_MCTL register with the required keys.
This mode transition request by software must be a valid request satisfying a set of pre-
defined rules to initiate the process. If the request fails to satisfy these rules, it is ignored,
and the TARGET_MODE bit field is not updated. An optional interrupt can be generated for
invalid mode requests. See Section 8.4.5: Mode Transition Interrupts for details.

In the case of mode transitions occurring because of hardware events such as a reset, a
SAFE mode request, or interrupt requests and wakeup events to exit from low-power
modes, the TARGET_MODE bit field of the ME_MCTL register is automatically updated with
the appropriate target mode. The mode change process start is indicated by the setting of
the mode transition status bit S_ MTRANS of the ME_GS register.

A RESET mode requested via the ME_MCTL register is passed to the MC_RGM, which
generates a global system reset and initiates the reset sequence. The RESET mode
request has the highest priority, and the MC_ME is kept in the RESET mode during the
entire reset sequence.

The SAFE mode request has the next highest priority after reset which can be generated by
software via the ME_MCTL register from all software running modes including DRUN,
RUNO...3, and TEST or by the MC_RGM after the detection of system hardware failures,
which may occur in any mode.

Target Mode Configuration Loading

On completion of the Section 8.4.3.1: Target Mode Request, the target mode configuration
from the ME_<target mode>_MC register is loaded to start the resources (voltage sources,
clock sources, flashes, pads, etc.) control process.
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An overview of resource control possibilities for each mode is shown in Table 76. A ‘\'
indicates that a given resource is configurable for a given mode.

Table 76. MC_ME Resource Control Overview

Mode
Resource
RESET TEST SAFE DRUN RUNO...3 HALT STOP STANDBY
v V V v
FIRC
on on on on on on on on
v V V V V
FXOSC
off off off off off off off off
V N V V
FMPLL
off off off off off off off off
v V V V V
CFLASH power- power-
normal normal normal normal normal low-power
down down
v V V V V
DFLASH power- power-
normal normal normal normal normal low-power
down down
V V
MVREG
on on on on on on on off
v v V
PDO
off off on off off off off on

8.4.3.3 Peripheral Clocks Disable

On completion of the Section 8.4.3.1: Target Mode Request, the MC_ME requests each
peripheral to enter its stop mode when:

e the peripheral is configured to be disabled via the target mode, the peripheral
configuration registers ME_RUN_PCO...7 and ME_LP_PCO...7, and the peripheral
control registers ME_PCTLO...143

Caution:  The MC_ME does not automatically request peripherals to enter their stop modes if the
power domains in which they are residing are to be turned off due to a mode change.
Therefore, it is software’s responsibility to ensure that those peripherals that are to be
powered down are configured in the MC_ME to be frozen.

Each peripheral acknowledges its stop mode request after closing its internal activity. The
MC_ME then disables the corresponding clock(s) to this peripheral.

In the case of a SAFE mode transition request, the MC_ME does not wait for the peripherals
to acknowledge the stop requests. The SAFE mode clock gating configuration is applied
immediately regardless of the status of the peripherals’ stop acknowledges.

Please see Section 8.4.6: Peripheral Clock Gating, for more details.
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8.43.4

8.4.3.5

Caution:

8.4.3.6

Note:

3

Each peripheral that may block or disrupt a communication bus to which it is connected
ensures that these outputs are forced to a safe or recessive state when the device enters
the SAFE mode.

Processor Low-Power Mode Entry

If, on completion of the Section 8.4.3.3: Peripheral Clocks Disable, the mode transition is to
the HALT mode, the MC_ME requests the processor to enter its halted state. The processor
acknowledges its halt state request after completing all outstanding bus transactions.

If, on completion of the Section 8.4.3.3: Peripheral Clocks Disable, the mode transition is to
the STOP or STANDBY mode, the MC_ME requests the processor to enter its stopped
state. The processor acknowledges its stop state request after completing all outstanding
bus transactions.

Processor and System Memory Clock Disable

If, on completion of the Section 8.4.3.14: Processor Low-Power Mode Exit, the mode
transition is to the HALT, STOP, or STANDBY mode and the processor is in its appropriate
halted or stopped state, the MC_ME disables the processor and system memory clocks to
achieve further power saving.

The clocks to the processor and system memories are unaffected for all transitions between
software running modes including DRUN, RUNO...3, and SAFE.

Clocks to the whole device including the processor and system memories can be disabled in
TEST mode.

Clock sources switch-on

On completion of the Section 8.4.3.4: Processor Low-Power Mode Entry, the MC_ME
controls all clock sources that affect the system clock based on the <clock source>ON bits
of the ME_<current mode>_MC and ME_<target mode>_MC registers. The following
system clock sources are controlled at this step:

e the fast internal RC oscillator (16 MHz)
e the fast external crystal oscillator (4-16 MHz)

The frequency modulated phase locked loop, which needs the main voltage regulator to be
stable, is not controlled by this step.

The clock sources that are required by the target mode are switched on. The duration
required for the output clocks to be stable depends on the type of source, and all further
steps of mode transition depending on one or more of these clocks waits for the stable
status of the respective clocks. The availability status of these system clocks is updated in
the S_<clock source> bits of ME_GS register.

The clock sources which need to be switched off are unaffected during this process in order
to not disturb the system clock which might require one of these clocks before switching to a
different target clock.

It is also possible to automatically switch-on the FXOSC after exiting STANDBY mode, by
programming ME_DRUN_MC[FXOSC] = 1 prior to STANDBY entry. After the chip exits
STANDBY mode, your software should wait for FXOSC to be switched-on before any mode
transition request in order to avoid a Mode Request lllegal Event.
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8.4.3.7

8.4.3.8

Caution:

8.4.3.9

8.4.3.10
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Main Voltage Regulator Switch-On

On completion of the Section 8.4.3.1: Target Mode Request, if the main voltage regulator
needs to be switched on from its off state based on the MVRON bit of the

ME_<current mode>_MC and ME_<target mode>_MC registers, the MC_ME requests the
MC_PCU to power-up the regulator and waits for the output voltage stable status in order to
update the S_MVR bit of the ME_GS register.

This step is required only during the exit of the low-power modes HALT and STOP. In this
step, the fast internal RC oscillator (16 MHz) is switched on regardless of the target mode
configuration, as the main voltage regulator requires the 16 MHz int. RC osc. during power-
up in order to generate the voltage status.

During the STANDBY exit sequence, the MC_PCU alone manages the power-up of the
main voltage regulator, and the MC_ME is kept in RESET or shut off (depending on the
power domain #1 status).

Flash Modules Switch-On

On completion of the Section 8.4.3.7: Main Voltage Regulator Switch-On, if a flash module
needs to be switched to normal mode from its low-power or power-down mode based on the
CFLAON and DFLAON bit fields of the ME_<current mode>_MC and

ME_<target mode>_MC registers, the MC_ME requests the flash to exit from its low-
power/power-down mode. When the flash modules are available for access, the S_CFLA
and S_DFLA bit fields of the ME_GS register are updated to “11” by hardware.

If the main regulator is also off in device low-power modes, then during the exit sequence,
the flash is kept in its low-power state and is switched on only when the Section 8.4.3.7:
Main Voltage Regulator Switch-On process has completed.

Itis illegal to switch the flashes from low-power mode to power-down mode and from power-
down mode to low-power mode. The MC_ME, however, does not prevent this nor does it
flag it.

FMPLL Switch-On

On completion of the Section 8.4.3.6: Clock sources switch-on and Section 8.4.3.7: Main
Voltage Regulator Switch-On, if the FMPLL is to be switched on from the off state based on
the FMPLLON bit of the ME_<current mode>_MC and ME_<target mode>_MC registers,
the MC_ME requests the FMPLL digital interface to start the phase locking process and
waits for the FMPLL to enter into the locked state. When the FMPLL enters the locked state
and starts providing a stable output clock, the S_FMPLL bit of ME_GS register is set.

Power Domain #2...3 Switch-On

On completion of the Section 8.4.3.7: Main Voltage Regulator Switch-On, the MC_ME
indicates a mode change to the MC_PCU. The MC_PCU then determines whether a power-
up sequence is required for power domains #2 and #3. Only after the MC_PCU has
executed all required power-ups does the MC_ME complete the mode transition.

3
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8.4.3.11

8.4.3.12

8.4.3.13

8.4.3.14

3

Pad Outputs-On

On completion of the Section 8.4.3.7: Main Voltage Regulator Switch-On, if the PDO bit of
the ME_<target mode>_MC register is cleared, then

e all pad outputs are enabled to return to their previous state
e the I/O pads power sequence driver is switched on

Peripheral Clocks Enable

Based on the current and target device modes, the peripheral configuration registers
ME_RUN_PCO0...7, ME_LP_PCO0...7, and the peripheral control registers ME_PCTLO...143,
the MC_ME enables the clocks for selected modules as required. This step is executed only
after the Section 8.4.3.7: Main Voltage Regulator Switch-On process is completed.

Also if a mode change translates to a power up of one or more power domains, the
MC_PCU indicates the MC_ME after completing the power-up sequence upon which the
MC_ME may assert the peripheral clock enables of the peripherals residing in those power
domains.

Processor and Memory Clock Enable

If the mode transition is from any of the low-power modes HALT or STOP to RUNO...3, the
clocks to the processor and system memories are enabled. The process of enabling these
clocks is executed only after the Section 8.4.3.8: Flash Modules Switch-On process is
completed.

Processor Low-Power Mode Exit

If the mode transition is from any of the low-power modes HALT, STOP, or STANDBY to
RUNO...3, the MC_ME requests the processor to exit from its halted or stopped state. This
step is executed only after the Section 8.4.3.13: Processor and Memory Clock Enable
process is completed.
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8.4.3.15
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System Clock Switching

Based on the SYSCLK bit field of the ME_<current mode>_MC and
ME_<target mode>_MC registers, if the target and current system clock configurations
differ, the following method is implemented for clock switching.

The target clock configuration for the 16 MHz int. RC osc. is effective only when the
S_FIRC bit of the ME_GS register is set by hardware (i.e. the fast internal RC oscillator
(16 MHz) has stabilized).

The target clock configuration for the div. 16 MHz int. RC osc. is effective only when the
S_FIRC bit of the ME_GS register is set by hardware (i.e. the fast internal RC oscillator
(16 MHz) has stabilized).

The target clock configuration for the 4-16 MHz ext. xtal osc. is effective only when the
S_FXOSC bit of the ME_GS register is set by hardware (i.e the fast external crystal
oscillator (4-16 MHz) has stabilized).

The target clock configuration for the div. ext. xtal osc. is effective only when the
S_FXOSC bit of the ME_GS register is set by hardware (i.e the fast external crystal
oscillator (4-16 MHz) has stabilized).

The target clock configuration for the freq. mod. PLL is effective only when the
S_FMPLL bit of the ME_GS register is set by hardware (i.e. the frequency modulated
phase locked loop has stabilized).

If the clock is to be disabled, the SYSCLK bit field should be programmed with “1111”.
This is possible only in the STOP and TEST modes. In the STANDBY mode, the clock
configuration is fixed, and the system clock is automatically forced to ‘0’.

The current system clock configuration can be observed by reading the S_SYSCLK bit field
of the ME_GS register, which is updated after every system clock switching. Until the target
clock is available, the system uses the previous clock configuration.

System clock switching starts only after

the Section 8.4.3.6: Clock sources switch-on process has completed if the target
system clock source needs to be switched on

the Section 8.4.3.9: FMPLL Switch-On process has completed if the target system
clock is the freq. mod. PLL

the Section 8.4.3.3: Peripheral Clocks Disable process is completed in order not to
change the system clock frequency before peripherals close their internal activities

An overview of system clock source selection possibilities for each mode is shown in
Table 77. A V' indicates that a given clock source is selectable for a given mode.

3
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Table 77. MC_ME System Clock Selection Overview
System Mode
Clock
Source RESET TEST SAFE DRUN RUNO...3 HALT STOP STANDBY
oMz v v v v v v
o.sc (default) (default) (default) (default) (default) (default) (default)
div. 16
MHz int. \ \ \ \ \
RC osc.
4-16 MHz
ext. xtal Y \ \ \ \
osc.
div. ext. N N N N N
xtal osc.
freq. mod.
L v N N V
system J
clock is M \ (default)
disabled

1. Disabling the system clock during TEST mode will require a reset in order to exit TEST mode.

8.4.3.16

8.4.3.17

3

Power Domain #2...3 Switch-Off

Based on the device mode and the MC_PCU'’s power configuration registers
PCU_PCONF2...3, the power domains #2 to 3 are controlled by the MC_PCU.

If a mode change translates to a power-down of a power domain, then the MC_PCU starts
the power-down sequence. The MC_PCU acknowledges the completion of the power-down
sequences with respect to the new mode, and the MC_ME uses this information to update
the mode transition status. This step is executed only after the Section 8.4.3.3: Peripheral
Clocks Disable process has completed.

Pad Switch-Off

If the PDO bit of the ME_<target mode>_MC register is ‘1’ then
e the outputs of the pads are forced to the high impedance state if the target mode is
SAFE or TEST

e |/O pads power sequence driver is switched off if the target mode is one of SAFE,
TEST, or STOP modes

In STANDBY mode, the power sequence driver and all pads except the external reset and
those mapped on wakeup lines are not powered and therefore high impedance. The
wakeup line configuration remains unchanged.

This step is executed only after the Section 8.4.3.3: Peripheral Clocks Disable process is
completed.
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8.4.3.18

8.4.3.19

8.4.3.20

8.4.3.21
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FMPLL Switch-Off

Based on the FMPLLON bit of the ME_<current mode>_MC and ME_<target mode>_MC
registers, if FMPLL is to be switched off, the MC_ME requests the FMPLL to power down
and updates its availability status bit S_FMPLL of the ME_GS register to ‘0’. This step is
executed only after the Section 8.4.3.15: System Clock Switching process is completed.

Clock Sources Switch-Off

Based on the device mode and the <clock source>ON bits of the ME_<mode> MC
registers, if a given clock source is to be switched off, the MC_ME requests the clock source
to power down and updates its availability status bit S_<clock source> of the ME_GS
register to ‘0’

This step is executed only after

e  Section 8.4.3.15: System Clock Switching process is completed in order not to lose the
current system clock during mode transition.

e  Section 8.4.3.18: FMPLL Switch-Off as the input reference clock of the FMPLL can be
among these clock sources. This is needed to prevent an unwanted lock transition
when the FMPLL is switched on.

Flash Switch-Off

Based on the CFLAON and DFLAON bit fields of the ME_<current mode>_MC and
ME_<target mode>_MC registers, if any of the flash modules is to be put in a low-power
state, the MC_ME requests the flash to enter the corresponding low-power state and waits
for the deassertion of flash ready status signal. The exact low-power mode status of the
flash modules is updated in the S_CFLA and S_DFLA bit fields of the ME_GS register. This
step is executed only when Section 8.4.3.5: Processor and System Memory Clock Disable
process is completed.

Main Voltage Regulator Switch-Off

Based on the MVRON bit of the ME_<current mode>_MC and ME_<target mode>_MC
registers, if the main voltage regulator is to be switched off, the MC_ME requests it to power
down and clears the availability status bit S_MVR of the ME_GS register.

This step is required only during the entry of low-power modes like HALT and STOP. This

step is executed only after completing the following processes:

e  Section 8.4.3.18: FMPLL Switch-Off

e  Section 8.4.3.20: Flash Switch-Off

e  Section 8.4.3.16: Power Domain #2...3 Switch-Off

e  Section 8.4.3.10: Power Domain #2...3 Switch-On

e the device consumption is less than the pre-defined threshold value (i.e. the S_DC bit
of the ME_GS register is ‘0’).

If the target mode is STANDBY, the main voltage regulator is not switched off by the MC_ME
and the STANDBY request is asserted after the above processes have completed upon
which the MC_PCU takes control of the main regulator. As the MC_PCU needs the 16 MHz
int. RC osc., the fast internal RC oscillator (16 MHz) remains active until all the STANDBY
steps are executed by the MC_PCU after which it may be switched off depending on the
FIRCON bit of the ME_STANDBY_MC register.
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8.4.3.22 Current Mode Update
The current mode status bit field S_ CURRENT_MODE of the ME_GS register is updated
with the target mode bit field TARGET_MODE of the ME_MCTL register when:
e all the updated status bits in the ME_GS register match the configuration specified in
the ME_<target mode>_MC register
e  power sequences are done
e clock disable/enable process is finished
e processor low-power mode (halt/stop) entry and exit processes are finished
Software can monitor the mode transition status by reading the S_MTRANS bit of the
ME_GS register. The mode transition latency can differ from one mode to another
depending on the resources’ availability before the new mode request and the target mode’s
requirements.
8.44 Protection of Mode Configuration Registers
While programming the mode configuration registers ME_<mode>_MC, the following rules
must be respected. Otherwise, the write operation is ignored and an invalid mode
configuration interrupt may be generated.
e FIRC must be on if the system clock is one of the following:
— 16 MHz int. RC osc.
— div. 16 MHz int. RC osc.
e FXOSC must be on if the system clock is one of the following:
—  4-16 MHz ext. xtal osc.
— div. ext. xtal osc.
Note: Software must ensure to switch on the clock source that provides the input reference clock
to the FMPLL. There is no automatic protection mechanism to check this in the MC_ME.
e FMPLL must be on if the system clock is the freq. mod. PLL.
e  Configuration “00” for the CFLAON and DFLAON bit fields are reserved.
e MVREG must be on if any of the following is active:
—  FMPLL
— CFLASH
— DFLASH
e  System clock configurations marked as ‘reserved’ may not be selected.
e  Configuration “1111” for the SYSCLK bit field is allowed only for the STOP and TEST
modes, and only in this case may all system clock sources be turned off.
Caution:  If the system clock is stopped during TEST mode, the device can exit only via a system
reset.
8.4.5 Mode Transition Interrupts
The following are the three interrupts related to mode transition implemented in the MC_ME.
8.45.1 Invalid Mode Configuration Interrupt

3

Whenever a write operation is attempted to the ME_<mode>_MC registers violating the
protection rules mentioned in the Section 8.4.4: Protection of Mode Configuration Registers,
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8.45.2

Note:

224/1044

the interrupt pending bit I_ICONF of the ME_IS register is set and an interrupt request is
generated if the mask bit M_ICONF of ME_IM register is ‘1'.

Invalid Mode Transition Interrupt

The mode transition request is considered invalid under the following conditions:

e Ifthe system is in the SAFE mode and the SAFE mode request from MC_RGM is
active, and if the target mode requested is other than RESET or SAFE, then this new
mode request is considered to be invalid, and the S_SEA bit of the ME_IMTS register
is set.

e Ifthe TARGET_MODE bit field of the ME_MCTL register is written with a value different
from the specified mode values (i.e. a non existing mode), an invalid mode transition
event is generated. When such a non existing mode is requested, the S_NMA bit of the
ME_IMTS register is set. This condition is detected regardless of whether the proper
key mechanism is followed while writing the ME_MCTL register.

o If some of the device modes are disabled as programmed in the ME_ME register, their
respective configurations are considered reserved, and any access to the ME_MCTL
register with those values results in an invalid mode transition request. When such a
disabled mode is requested, the S_DMA bit of the ME_IMTS register is set. This
condition is detected regardless of whether the proper key mechanism is followed while
writing the ME_MCTL register.

e If the target mode is not a valid mode with respect to current mode, the mode request
illegal status bit S_MRI of the ME_IMTS register is set. This condition is detected only
when the proper key mechanism is followed while writing the ME_MCTL register.
Otherwise, the write operation is ignored.

e If further new mode requests occur while a mode transition is in progress (the
S_MTRANS bit of the ME_GS register is ‘1"), the mode transition illegal status bit
S_MTI of the ME_IMTS register is set. This condition is detected only when the proper
key mechanism is followed while writing the ME_MCTL register. Otherwise, the write
operation is ignored.

As the causes of invalid mode transitions may overlap at the same time, the priority
implemented for invalid mode transition status bits of the ME_IMTS register in the order
from highest to lowestis S_ SEA, S NMA, S_DMA, S_MRI, and S_MTI.

As an exception, the mode transition request is not considered as invalid under the following
conditions:

e Anew request is allowed to enter the RESET or SAFE mode irrespective of the mode
transition status.

e As the exit of HALT and STOP modes depends on the interrupts of the system which
can occur at any instant, these requests to return to RUNO...3 modes are always valid.

e In order to avoid any unwanted lockup of the device modes, software can abort a mode
transition by requesting the parent mode if, for example, the mode transition has not
completed after a software determined ‘reasonable’ amount of time for whatever
reason. The parent mode is the device mode before a valid mode request was made.

e  Self-transition requests (e.g. RUNO — RUNO) are not considered as invalid even when
the mode transition process is active (i.e. S_MTRANS is ‘1"). During the low-power
mode exit process, if the system is not able to enter the respective RUNO...3 mode
properly (i.e. all status bits of the ME_GS register match with configuration bits in the
ME_<mode>_MC register), then software can only request the SAFE or RESET mode.
It is not possible to request any other mode or to go back to the low-power mode again.
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8.45.3

8.454

8.4.6

3

Whenever an invalid mode request is detected, the interrupt pending bit |_IMODE of the
ME_IS register is set, and an interrupt request is generated if the mask bit M_IMODE is
ME_IM register is ‘1’.

SAFE Mode Transition Interrupt

Whenever the system enters the SAFE mode as a result of a SAFE mode request from the
MC_RGM due to a hardware failure, the interrupt pending bit |_SAFE of the ME_IS register
is set, and an interrupt is generated if the mask bit M_SAFE of ME_IM register is ‘1’.

The SAFE mode interrupt pending bit can be cleared only when the SAFE mode request is
deasserted by the MC_RGM (see the MC_RGM chapter for details on how to clear a SAFE
mode request). If the system is already in SAFE mode, any new SAFE mode request by the
MC_RGM also sets the interrupt pending bit I_SAFE. However, the SAFE mode interrupt
pending bit is not set when the SAFE mode is entered by a software request (i.e.
programming of ME_MCTL register).

Mode Transition Complete interrupt

Whenever the system completes a mode transition fully (i.e. the S_MTRANS bit of ME_GS
register transits from ‘1’ to ‘0’), the interrupt pending bit |_MTC of the ME_IS register is set,
and interrupt request is generated if the mask bit M_MTC of the ME_IM register is ‘1’. The
interrupt bit |_MTC is not set when entering low-power modes HALT and STOP in order to
avoid the same event requesting the exit of these low-power modes.

Peripheral Clock Gating

During all device modes, each peripheral can be associated with a particular clock gating
policy determined by two groups of peripheral configuration registers.

The run peripheral configuration registers ME_RUN_PCQO...7 are chosen only during the
software running modes DRUN, TEST, SAFE, and RUNO...3. All configurations are
programmable by software according to the needs of application. Each configuration
register contains a mode bit which determines whether or not a peripheral clock is to be
gated. Run configuration selection for each peripheral is done by the RUN_CFG bit field of
the ME_PCTLO...143 registers.

The low-power peripheral configuration registers ME_LP_PCQO...7 are chosen only during
the low-power modes HALT, STOP, and STANDBY. All configurations are programmable by
software according to the needs of the application. Each configuration register contains a
mode bit which determines whether or not a peripheral clock is to be gated. Low-power
configuration selection for each peripheral is done by the LP_CFG bit field of the
ME_PCTLO...143 registers.

Any modifications to the ME_RUN_PCO...7, ME_LP_PCO0...7, and ME_PCTLO...143
registers do not affect the clock gating behavior until a new mode transition request is
generated.

Whenever the processor enters a debug session during any mode, the following occurs for

each peripheral:

e The clock is gated if the DBG_F bit of the associated ME_PCTLO...143 register is set.
Otherwise, the peripheral clock gating status depends on the RUN_CFG and LP_CFG
bits. Any further modifications of the ME_RUN_PCO0...7, ME_LP_PCO...7, and
ME_PCTLO...143 registers during a debug session will take affect immediately without
requiring any new mode request.
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8.4.7 Application Example

Figure 73 shows an example application flow for requesting a mode change and then
waiting until the mode transition has completed.

3
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( START of mode change )

config
for target mode
okay?

write ME_<target mode>_MC,
ME_RUN_PCO...7, ME_LP_PCQO...7,
and ME_PCTLO...143 registers

write ME_MCTL with target mode
and key

Y

write ME_MCTL with target mode
and inverted key
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start timer
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stop timer

v

( mode change DONE )
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SAFE mode and key

write ME_MCTL with current or
SAFE mode and inverted key
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Figure 73. MC_ME Application Example Flow Diagram
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9.1

9.11
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Reset Generation Module (MC_RGM)

Introduction

Overview

The reset generation module (MC_RGM) centralizes the different reset sources and
manages the reset sequence of the device. It provides a register interface and the reset
sequencer. The different registers are available to monitor and control the device reset
sequence. The reset sequencer is a state machine which controls the different phases
(PHASEO, PHASE1, PHASE?2, PHASE3, and IDLE) of the reset sequence and control the
reset signals generated in the system.

Figure 74 depicts the MC_RGM block diagram.

3
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Figure 74. MC_RGM Block Diagram
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9.1.2 Features

The MC_RGM contains the functionality for the following features:

‘destructive’ resets management
‘functional’ resets management
signalling of reset events after each reset sequence (reset status flags)

conversion of reset events to SAFE mode or interrupt request events (for further mode
details, please see the MC_ME chapter)

short reset sequence configuration
bidirectional reset behavior configuration

selection of alternate boot via the backup RAM on STANDBY mode exit (for further
mode details, please see the MC_ME chapter)

boot mode capture on RESET deassertion

9.1.3 Modes of operation

The different reset sources are organized into two families: ‘destructive’ and ‘functional’.

A ‘destructive’ reset source is associated with an event related to a critical - usually
hardware - error or dysfunction. When a ‘destructive’ reset event occurs, the full reset
sequence is applied to the device starting from PHASEO. This resets the full device
ensuring a safe start-up state for both digital and analog modules. ‘Destructive’ resets
are

—  power-on reset

— 1.2 Vlow-voltage detected (power domain #0)
— 1.2 V low-voltage detected (power domain #1)
—  software watchdog timer

— 2.7V low-voltage detected

— 2.7V low-voltage detected (VREG)

A ‘functional’ reset source is associated with an event related to a less-critical - usually
non-hardware - error or dysfunction. When a ‘functional’ reset event occurs, a partial
reset sequence is applied to the device starting from PHASEL1. In this case, most digital
modules are reset normally, while analog modules or specific digital modules’ (e.g.
debug modules, flash modules) state is preserved. ‘Functional’ resets are

—  external reset

— JTAG initiated reset

— debug control core reset

—  software reset

—  checkstop reset

—  FMPLL fail

—  FXOSC frequency lower than reference

—  CMU clock frequency higher/lower than reference
— 4.5V low-voltage detected

— code or data flash fatal error

When a reset is triggered, the MC_RGM state machine is activated and proceeds through
the different phases (i.e. PHASER states). Each phase is associated with a particular device
reset being provided to the system. A phase is completed when all corresponding phase
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completion gates from either the system or internal to the MC_RGM are acknowledged. The
device reset associated with the phase is then released, and the state machine proceeds to
the next phase up to entering the IDLE phase. During this entire process, the MC_ME state
machine is held in RESET mode. Only at the end of the reset sequence, when the IDLE
phase is reached, does the MC_ME enter the DRUN mode.

Alternatively, it is possible for software to configure some reset source events to be
converted from a reset to either a SAFE mode request issued to the MC_ME or to an
interrupt issued to the core (see Section 9.3.1.4: Destructive Event Reset Disable Register
(RGM_DERD) and Section 9.3.1.6: Destructive Event Alternate Request Register
(RGM_DEAR)for ‘destructive’ resets and Section 9.3.1.3: Functional Event Reset Disable
Register (RGM_FERD) and Section 9.3.1.5: Functional Event Alternate Request Register
(RGM_FEAR) for ‘functional’ resets).

9.2 External Signal Description
The MC_RGM interfaces to the bidirectional reset pin RESET and the boot mode pins PA[8]
and PA[9].
9.3 Memory Map and Register Definition
Table 78. MC_RGM Register Description
Access
Address Name Description Size Location
Normal | Supervisor Test
OXEOSOFOE— RGM_FES Functional Event Status half-word | read |read/write® | read/write® |on page 234
OXESOFZE— RGM_DES Destructive Event Status half-word | read |read/write® | read/write® |on page 235
OXCSFE_ RGM_FERD Functional Event Reset half-word | read |read/write® | read/write® |on page 236
4004 Disable
OXC3FE_ Destructive Event Reset
4006 RGM_DERD Disable half-word | read read read on page 238
OXC3FE_ RGM_FEAR Functional Event Alternate half-word | read read/write | read/write |on page 239
4010 - Request
OXC3FE_ RGM_DEAR Destructive Event Alternate half-word | read read read on page 240
4012 Request
OXC3FE_ RGM_FESS Functional Event Short half-word | read read/write | read/write |on page 241
4018 Sequence
OXC3FE . .
401A RGM_STDBY |STANDBY Reset Sequence| half-word | read read/write | read/write |on page 243
OxC3FE_ Functional Bidirectional . .
201C RGM_FBRE Reset Enable half-word | read read/write | read/write |on page 243
1. individual bits cleared on writing ‘1'.
2. write once: ‘0’ = disable, ‘1’ = enable.
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Note: Any access to unused registers as well as write accesses to read-only registers will:
not change register content
cause a transfer error

Table 79. MC_RGM Memory Map

0 1 2 3 27 5 6 7 8 9 0 | 11 | 12 | 13 | 14 | 15
Address Name
16 | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
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O
oo a2
% >I o E Y
N N
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R g_l 0 0 0 0 0 0 0 0 0 0 8 3| U)I 8 8
w S (w33
= I [
w L L
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RGM T | w | T |2 |25 1w
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_4004 |RGM_ "{'DJ| E'l 3| S| 3|0 |5 o' | S |7
DERD 2| o |99 a0 o | o
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W
O
i o |8
dEIE e
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o || 8|S
> [a) o ] 2
=, I [
a ol o
W
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reserved
OxC3FE
_400C
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y Map (continued)

Table 79. MC_RGM Memor

9 9 OVLL oV 0dd ZTAAT oV OVLL SS o oviC 39
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9.3.1 Register descriptions
Unless otherwise noted, all registers may be accessed as 32-bit words, 16-bit half-words, or
8-bit bytes. The bytes are ordered according to big endian. For example, the RGM_STDBY
register may be accessed as a word at address OXC3FE_4018, as a half-word at address
OxC3FE_401A, or as a byte at address OXC3FE_401B.
9.3.1.1 Functional Event Status Register (RGM_FES)
Address OXC3FE_4000 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
- 5
-
x 5| S| |o |z || K| E]o
RR&|oloflolo|lo|ol|S|S|2|252|9|g]cE
| T S| S| 5T 99D
w oo O | 9 u! O | v w w
Lo L LL
W| wilc wlc | wlc | wlc | wilc | wic | wilc | wlc | wlc | wlc
POR O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 75. Functional Event Status Register (RGM_FES)
This register contains the status of the last asserted functional reset sources. It can be
accessed in read/write on either supervisor mode or test mode. Register bits are cleared on
write ‘1.
Table 80. Functional Event Status Register (RGM_FES) field descriptions
Field Description
Flag for External Reset
F EXR 0 No external reset event has occurred since either the last clear or the last destructive reset
- assertion
1 An external reset event has occurred
Flag for code or data flash fatal error
F ELASH 0 No code or data flash fatal error event has occurred since either the last clear or the last
- destructive reset assertion
1 A code or data flash fatal error event has occurred
Flag for 4.5 V low-voltage detected
F LVD45 0 No4.5Vlow-voltage detected event has occurred since either the last clear or the last destructive
- reset assertion
1 A 4.5V low-voltage detected event has occurred
Flag for CMU clock frequency higher/lower than reference
F CMU FHL 0 No CMU clock frequency higher/lower than reference event has occurred since either the last
- - clear or the last destructive reset assertion
1 A CMU clock frequency higher/lower than reference event has occurred
Flag for FXOSC frequency lower than reference
F CMU OLR 0 No FXOSC frequency lower than reference event has occurred since either the last clear or the
- - last destructive reset assertion
1 A FXOSC frequency lower than reference event has occurred
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3

DoclD15700 Rev 10




RMO0037

Reset Generation Module (MC_RGM)

Table 80. Functional Event Status Register (RGM_FES) field descriptions (continued)

Field Description
Flag for FMPLL fail
F_FMPLL |0 No FMPLL fail event has occurred since either the last clear or the last destructive reset assertion
1 A FMPLL fail event has occurred
Flag for checkstop reset
F CHKSTOP 0 No cht_eckstop reset event has occurred since either the last clear or the last destructive reset
- assertion
1 A checkstop reset event has occurred
Flag for software reset
F SOFT 0 No software reset event has occurred since either the last clear or the last destructive reset
- assertion
1 A software reset event has occurred
Flag for debug control core reset
0 No debug control core reset event has occurred since either the last clear or the last destructive
reset assertion
F_CORE .

- 1 A debug control core reset event has occurred; this event can only be asserted when the
DBCRO[RST] field is set by an external debugger. See the "Debug Support" chapter of the core
reference manual for more details.

Flag for JTAG initiated reset
F JTAG 0 No JTAG initiated reset event has occurred since either the last clear or the last destructive reset
- assertion
1 A JTAG initiated reset event has occurred
9.3.1.2 Destructive Event Status Register (RGM_DES)

Address OXC3FE_4002

Access: User read, Supervisor read/write, Test read/write

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

O]
oo a | 8
(03: >I N E D'| n_l
N N

N~
R D'l 0 0 0 0 0 0 0 0 0 0 S 3| ml 8 8
LL > L w 3 3
_II LLI LLI

Lo
W| wlc wlc | wlc | wlc | wic | wilc
POR 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3

Figure 76. Destructive Event Status Register (RGM_DES)
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This register contains the status of the last asserted destructive reset sources. It can be
accessed in read/write on either supervisor mode or test mode. Register bits are cleared on
write ‘1’
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Table 81. Destructive Event Status Register (RGM_DES) field descriptions

Field

Description

F_POR

Flag for Power-On reset

0 No power-on event has occurred since the last clear (due to either a software clear or a low-
voltage detection)

1 A power-on event has occurred

Flag for 2.7 V low-voltage detected (VREG)

F LVD27 VREG 0 No 2.7 Vlow-voltage detected (VREG) event has occurred since either the last clear or the last

power-on reset assertion
1 A 2.7V low-voltage detected (VREG) event has occurred

Flag for 2.7 V low-voltage detected
0 No 2.7 V low-voltage detected event has occurred since either the last clear or the last power-

F_LVvD27 .
- on reset assertion
1 A 2.7V low-voltage detected event has occurred
Flag for software watchdog timer
F SWT 0 No software watchdog timer event has occurred since either the last clear or the last power-on

reset assertion
1 A software watchdog timer event has occurred

Flag for 1.2 V low-voltage detected (power domain #1)

F LVD12 PD1 0 No 1.2V low-voltage detected (power domain #1) event has occurred since either the last clear

or the last power-on reset assertion
1 A 1.2V low-voltage detected (power domain #1) event has occurred

F_LVD12_PDO

Flag for 1.2 V low-voltage detected (power domain #0)

0 No 1.2V low-voltage detected (power domain #0) event has occurred since either the last clear
or the last power-on reset assertion

1 A 1.2V low-voltage detected (power domain #0) event has occurred

Note:

Note:

9.3.1.3
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The F_POR flag is automatically cleared on a 1.2 V low-voltage detected (power domain #0
or #1) or a 2.7 V low-voltage detected. This means that if the power-up sequence is not
monotonic (i.e the voltage rises and then drops enough to trigger a low-voltage detection),
the F_POR flag may not be set but instead the <register>F_LVD12_PDO,
<register>F_LVD12 PD1, or <register>F_LVD27 flag is set on exiting the reset sequence.
Therefore, if the F_POR, <register>F_LVD12_PDO, <register>F_LVD12_PD1, or
<register>F_LVD27 flags are set on reset exit, software should interpret the reset cause as
power-on.

In contrast to all other reset sources, the 1.2 V low-voltage detected (power domain #0)
event is captured on its deassertion. Therefore, the status bit F_LvVD12 PDO is also
asserted on the reset’s deassertion. In case an alternate event is selected, the SAFE mode
or interrupt request are similarly asserted on the reset’s deassertion.

Functional Event Reset Disable Register (RGM_FERD)

This register provides dedicated bits to disable functional reset sources.When a functional
reset source is disabled, the associated functional event will trigger either a SAFE mode
request or an interrupt request (see Section 9.3.1.5: Functional Event Alternate Request
Register (RGM_FEAR). It can be accessed in read/write in either supervisor mode or test
mode. It can be accessed in read only in user mode. Each byte can be written only once
after power-on reset.
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Address OXC3FE_4004

Access: User read, Supervisor read/write, Test read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
S
= vd =
T To) T = — 5 L w
RIZ|o|o|lolo|lolo|da | X |59 2|2|9|x|9
X < [a) I N <
n J| > 12|12 =5 1 Q| B
! Tl 22152922
o a | o Z| 9l o 0o o | e
W )
POR O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 77. Functional Event Reset Disable Register (RGM_FERD)
Table 82. Functional Event Reset Disable Register (RGM_FERD) field descriptions
Field Description
Disable External Reset
D_EXR 0 An external reset event triggers a reset sequence
1 An external reset event generates a SAFE mode request
Disable code or data flash fatal error
D FLASH 0 A code or data flash fatal error event triggers a reset sequence
- 1 A code or data flash fatal error event generates either a SAFE mode or an interrupt request
depending on the value of RGM_FEAR.AR_FLASH
Disable 4.5 V low-voltage detected
D LVD45 0 A 4.5V low-voltage detected event triggers a reset sequence
- 1 A 4.5V low-voltage detected event generates either a SAFE mode or an interrupt request
depending on the value of RGM_FEAR.AR_LVD45
Disable CMU clock frequency higher/lower than reference
D CMU FHL 0 A CMU clock frequency higher/lower than reference event triggers a reset sequence
- - 1 A CMU clock frequency higher/lower than reference event generates either a SAFE mode or an
interrupt request depending on the value of RGM_FEAR.AR_CMU_FHL
Disable FXOSC frequency lower than reference
D CMU OLR 0 A FXOSC frequency lower than reference event triggers a reset sequence
- - 1 A FXOSC frequency lower than reference event generates either a SAFE mode or an interrupt
request depending on the value of RGM_FEAR.AR_CMU_OLR
Disable FMPLL fail
D EMPLL 0 A FMPLL fail event triggers a reset sequence
- 1 A FMPLL fail event generates either a SAFE mode or an interrupt request depending on the
value of RGM_FEAR.AR_FMPLL
Disable checkstop reset
D CHKSTOP 0 A checkstop reset event triggers a reset sequence
- 1 Acheckstop reset event generates either a SAFE mode or an interrupt request depending on the
value of RGM_FEAR.AR_CHKSTOP
Disable software reset
D_SOFT 0 A software reset event triggers a reset sequence

1 A software reset event generates either a SAFE mode or an interrupt request depending on the
value of RGM_FEAR.AR_SOFT

3
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Table 82. Functional Event Reset Disable Register (RGM_FERD) field descriptions (continued)

Field Description

Disable debug control core reset
0 A debug control core reset event triggers a reset sequence

D_CORE ; .
- 1 A debug control core reset event generates either a SAFE mode or an interrupt request
depending on the value of RGM_FEAR.AR_CORE
Disable JTAG initiated reset
D_JTAG 0 A JTAG initiated reset event triggers a reset sequence

1 A JTAG initiated reset event generates either a SAFE mode or an interrupt request depending
on the value of RGM_FEAR.AR_JTAG

9.3.14 Destructive Event Reset Disable Register (RGM_DERD)

Address OxC3FE_4006 Access: Read

[N
N
=
w
=
~
=
Ul

0 1 2 3 4 5 6 7 8 9 10

D_SWT

D_LvD27
D_LVvD12 PDO

D_LvD12 PD1

A
o
o
o
o
o
o
o
o
o
o
o
D_LVD27_VREG|R

o
o
o
o
o

POR O 0 0 0 0 0 0 0 0 0 0

Figure 78. Destructive Event Reset Disable Register (RGM_DERD)

This register provides dedicated bits to disable particular destructive reset sources. When a
destructive reset source is disabled, the associated destructive event will trigger either a
safe mode request or an interrupt request (see Section 9.3.1.6: Destructive Event Alternate
Request Register (RGM_DEAR).

Table 83. Destructive Event Reset Disable Register (RGM_DERD) field descriptions

Field Description

Disable 2.7 V low-voltage detected (VREG)

0 A 2.7V low-voltage detected (VREG) event triggers a reset sequence

1 A 2.7V low-voltage detected (VREG) event generates either a SAFE mode or an interrupt
request depending on the value of RGM_DEAR.AR_LVD27_VREG

D_LVD27_VREG

Disable 2.7 V low-voltage detected
0 A 2.7V low-voltage detected event triggers a reset sequence

D_LvD27
- 1 A 2.7V low-voltage detected event generates either a SAFE mode or an interrupt request
depending on the value of RGM_DEAR.AR_LVD27
Disable software watchdog timer
D SWT 0 A software watchdog timer event triggers a reset sequence

1 A software watchdog timer event generates either a SAFE mode or an interrupt request
depending on the value of RGM_DEAR.ep
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Table 83. Destructive Event Reset Disable Register (RGM_DERD) field descriptions (continued)

Field Description

Disable 1.2 V low-voltage detected (power domain #1)
D LVD12 PD1 0 A 1.2V low-voltage detected (power domain #1) event triggers a reset sequence
- - 1 A 1.2V low-voltage detected (power domain #1) event generates either a SAFE mode or an
interrupt request depending on the value of RGM_DEAR.AR_LVD12_PD1

Disable 1.2 V low-voltage detected (power domain #0)
D LVD12 PDO 0 A 1.2V low-voltage detected (power domain #0) event triggers a reset sequence
- - 1 A 1.2V low-voltage detected (power domain #0) event generates either a SAFE mode or an
interrupt request depending on the value of RGM_DEAR.AR_LVD12_PDO

9.3.1.5 Functional Event Alternate Request Register (RGM_FEAR)

Address OXC3FE_4010 Access: User read, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
o
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< LL 3 = > L O| o UI ﬁ|
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@ o [ | o x <
< % o < < <
W <
POR O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 79. Functional Event Alternate Request Register (RGM_FEAR)

This register defines an alternate request to be generated when a reset on a functional
event has been disabled. The alternate request can be either a SAFE mode request to
MC_ME or an interrupt request to the system. It can be accessed in read/write in either
supervisor mode or test mode. It can be accessed in read only in user mode.

Table 84. Functional Event Alternate Request Register (RGM_FEAR) field descriptions

Field Description

Alternate Request for External Reset

AR_EXR 0 Generate a SAFE mode request on an external reset event if the reset is disabled
1 Generate an interrupt request on an external reset event if the reset is disabled

Alternate Request for code or data flash fatal error

AR_FLASH |0 Generate a SAFE mode request on a code or data flash fatal error event if the reset is disabled
1 Generate an interrupt request on a code or data flash fatal error event if the reset is disabled

Alternate Request for 4.5 V low-voltage detected

AR_LVD45 |0 Generate a SAFE mode request on a 4.5 V low-voltage detected event if the reset is disabled
1 Generate an interrupt request on a 4.5 V low-voltage detected event if the reset is disabled
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Table 84. Functional Event Alternate Request Register (RGM_FEAR) field descriptions

Field Description

Alternate Request for CMU clock frequency higher/lower than reference

0 Generate a SAFE mode request on a CMU clock frequency higher/lower than reference event

AR_CMU_FHL if the reset is disabled

1 Generate an interrupt request on a CMU clock frequency higher/lower than reference event if
the reset is disabled

Alternate Request for FXOSC frequency lower than reference

0 Generate a SAFE mode request on a FXOSC frequency lower than reference event if the reset
is disabled

1 Generate an interrupt request on a FXOSC frequency lower than reference event if the reset is
disabled

For the case when RGM_FERD[D_CMU_OLR] =1 & RGM_FEAR[AR_CMU_OLR] =1, an RGM
interrupt will not be generated for an FXOSC failure when the system clock = FXOSC as there
will be no system clock to execute the interrupt service routine. However, the interrupt service
routine will be executed if the FXOSC recovers at some point. The recommended use case for
this feature is when the system clock = FIRC or FMPLL.

AR_CMU_OLR

Alternate Request for FMPLL fail

AR_FMPLL |0 Generate a SAFE mode request on a FMPLL fail event if the reset is disabled
1 Generate an interrupt request on a FMPLL fail event if the reset is disabled

Alternate Request for checkstop reset

AR_CHKSTOP |0 Generate a SAFE mode request on a checkstop reset event if the reset is disabled
1 Generate an interrupt request on a checkstop reset event if the reset is disabled

Alternate Request for software reset

AR_SOFT |0 Generate a SAFE mode request on a software reset event if the reset is disabled
1 Generate an interrupt request on a software reset event if the reset is disabled

Alternate Request for debug control core reset

AR_CORE |0 Generate a SAFE mode request on a debug control core reset event if the reset is disabled
1 Generate an interrupt request on a debug control core reset event if the reset is disabled

Alternate Request for JTAG initiated reset

AR_JTAG 0 Generate a SAFE mode request on a JTAG initiated reset event if the reset is disabled
1 Generate an interrupt request on a JTAG initiated r