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Preface

Overview

The primary objective of this document is to define the functionality of the MPC5604P family of
microcontrollers for use by software and hardware developers. The MPC5604P family is built on
Power Architecture® technology and integrates technologies that are important for today’s electrical
hydraulic power steering (EHPS), electric power steering (EPS), and airbag applications.

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 Freescale Web site at
http://www.freescale.com/.

Audience

This manual is intended for system software and hardware developers and applications programmers who
want to develop products with the MPC5604P 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.

Chapter organization and device-specific information

This document includes chapters that describe:
* The device as a whole
» The functionality of the individual modules on the device

In the latter, any device-specific information is presented in the section “Information Specific to This
Device” at the beginning of the chapter.

References

In addition to this reference manual, the following documents provide additional information on the
operation of the MPC5604P:

e |EEE-ISTO5001™ - 2003 and 2010, The Nexus 5001™ Forum Standard for a Global Embedded
Processor Debug Interface

* IEEE 1149.1-2001 standard - IEEE Standard Test Access Port and Boundary-Scan Architecture

* Power Architecture Book E V1.0
(http://www.freescale.com/files/32bit/doc/user_guide/BOOK_EUM.pdf)
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Chapter 1 Introduction

1.1 The MPC5604P microcontroller family

The MPC5604P microcontroller is built on the Power Architecture® platform and targets chassis and safety
market segment, specifically the Electrical Hydraulic Power Steering (EHPS), the lower end of Electric
Power Steering (EPS) and the airbag application space. The Power Architecture based 32-bit
microcontrollers represent the latest achievement in integrated automotive application controllers.

EHPS and EPS systems typically feature sophisticated and advanced electrical motor control periphery
with special enhancements in the area of pulse width modulation, highly flexible timers, and functional
safety.

The safety features included in MPC5604P (such as fault collection unit, safety port or flash and SRAM
with ECC) support the design of system applications where safety is a requirement.

The core selected for the device is the Harvard bus interface version of the e200z0 to cover the low-end
chassis application space.

The €200 processor family is a set of CPU cores that implement low-cost versions of the Power
Architecture technology. The €200 processors are designed for deeply embedded control applications that
require low cost solutions rather than maximum performance. The e200z0 processor integrates an integer
execution unit, branch control unit, instruction fetch and load/store units, and a multi-ported register file
capable to sustaining three read and two write operations per clock. Most integer instructions execute in a
single clock cycle. Branch target prefetching is performed by branch unit to allow single-cycle branches
in some cases. The e200z0 core is a single-issue, 32-bit Power Architecture technology VLE only design
with 32-bit general purpose registers (GPRs). All arithmetic instructions that execute in the core operate
on data in the general purpose registers (GPRs). Instead of the base Power Architecture instruction set
support, the e200z0 core only implements the VVLE (variable length encoding) APU, providing improved
code density.

The MPC5604P has a single level of memory hierarchy consisting of 40 KB on-chip SRAM and 578 KB
(512 KB program + 64 KB data) of on-chip flash memory. Both the SRAM and the flash memory can hold
instructions and data.

The timer functions of MPC5604P are performed by the eTimer Modular Timer System and FlexPWM.
The two eTimer modules implement enhanced timer features (six channels each for a total of 12) including
dedicated motor control quadrature decode functionality and DMA support; the FlexPWM module
consists of four submodules controlling a pair of PWM channels each: three submodules may be used to
control the three phases of a motor and the additional pair to support DC-DC converter width modulation
control.

Off-chip communication is performed by a suite of serial protocols including FlexRay, CANs, enhanced
SPIs (DSPI), and SClIs (LINFlex).

The System Integration Unit Lite (SIUL) performs several chip-wide configuration functions. Pad
configuration and general-purpose input/output (GPIO) are controlled from the SIUL. External interrupts
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and reset control are also found in the SIUL. The internal multiplexer sub-block (IOMUX) provides
multiplexing of daisy chaining the DSPIs and external interrupt signal.

As the MPC5604P is built on a wider legacy of Power Architecture-based devices, when applicable and
possible, reusing or enhancement of existing IP, design and concepts is adopted.
1.2 Target applications

The MPC5604P targets the automotive chassis and safety market; specifically the electrical hydraulic
power steering, the lower end of the electric power steering and the airbag application space.

1.2.1 Application examples

1.2.1.1 Electric power steering

Figure 1-1 outlines a typical electric power steering application built around the MPC5604P
microcontroller.

PMSM

3-phase Low Voltage Power Stage

jﬁ} U DC Bus Lk 1
S g R
o 1 ==

x

>
Pt

al

Position Sensor|

PWM Hf 1| ||Physical Layer Torque
Driver Signal ¢
System Reverse Bat e . Signal
Y . Protection CoCn_dlthnlng Driver Conditioning
Basis IFELliiny Circuitry
Chip —e Vcc g
—e ¥anfalog o gE
|—e Vre o
>>> A Relay
1t U
Fast ADC N -
FlexRay <1 s, 10-bit imer
Relay Driver
MPC5604P Safety Port
Windowed |
Watchdog
Hi-speed CAN Core Faults
i FlexCAN
Physical Layer X Motor Contro Output Drivers
pwm (Valves, Pump) n Sensors
- DSPI 10 ns
resolution

Complex Input n
Hardware Modules
Watchdog

|—> Safety Relay

Figure 1-1. Electric power steering application
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1.2.1.2 Airbag
Figure 1-2 outlines a typical airbag application built around the MPC5604P microcontroller.
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Figure 1-2. Airbag application

1.3 Features

Table 1-1 provides a summary of different members of the MPC5604P family and their features to enable
a comparison among the family members and an understanding of the range of functionality offered within
this family.

Table 1-1. MPC5604P device comparison

Feature MPC5603P MPC5604P
Code flash memory (with ECC) 384 KB 512 KB
Data flash memory / EE option (with ECC) 64 KB (optional feature)
SRAM (with ECC) 36 KB 40 KB
Processor core 32-bit e200z0h
Instruction set VLE (variable length encoding)
CPU performance 0-64 MHz
FMPLL (frequency-modulated phase-locked loop) 2
module
INTC (interrupt controller) channels 147
PIT (periodic interrupt timer) 1 (includes four 32-bit timers)
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1.4

Table 1-1. MPC5604P device comparison (continued)

Feature

MPC5603P MPC5604P

eDMA (enhanced direct memory access)
channels

16

FlexRay'

Optional feature

FlexCAN (controller area network)

22,3

Safety port Yes (via second FlexCAN module)
FCU (fault collection unit) Yes
CTU (cross triggering unit) Yes

eTimer

2 (16-bit, 6 channels)

FlexPWM (pulse-width modulation) channels

8 (capturing on X-channels)

ADC (analog-to-digital converter)

2 (10-bit, 15-channel?)

LINFlex 2
DSPI (deserial serial peripheral interface) 4
CRC (cyclic redundancy check) unit Yes
JTAG controller Yes

Nexus port controller (NPC)

Yes (Level 2+)

Supply Digital power supply 3.3 V or 5 V single supply with external transistor
Analog power supply 33Vor5V
Internal RC oscillator 16 MHz
External crystal oscillator 4-40 MHz
Packages 100 LQFP
144 LQFP
Temperature Standard ambient temperature —-40to 125 °C

B R

Four channels shared between the two ADCs

Block diagram

32 message buffers, selectable single or dual channel support
Each FlexCAN module has 32 message buffers.
One FlexCAN module can act as a Safety Port with a bit rate as high as 7.5 Mbit/s.

Figure 1-4 shows a top-level block diagram of the MPC5604P microcontroller.
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Figure 1-3. MPC5604P block diagram
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Figure 1-4. MPC5604P block diagram

1.5 Critical performance parameters
* Fully static operation, 0 — 64 MHz
e —40 °Cto 150 °C junction temperature
* Low power design
— Halt and STOP mode available for power reduction
— Resuming from Halt/STOP mode can be initiated via external pin
» Fabricated in 90 nm process
e 1.2V nominal internal logic
* Nexus pins operate at Vpp,o (no dedicated power supply)
— Unused pins configurable as GPIO
» 10-bit ADC conversion time <1 s
» Internal voltage regulator (VREG) with external ballast transistor enables control with a single
input rail
— 3.0V-3.6 Vor 4.5 V-5.5V input supply voltage
» Configurable pins
— Selectable slew rate for EMI reduction
— Selectable pull-up, pull-down, or no pull on all pins
— Selectable open drain
— Support for 3.3V or 5 V 1/O levels

1.6  Chip-level features

On-chip modules available within the family include the following features:

* Up to 64 MHz, single issue, 32-bit CPU core complex (e200z0h)
— Compliant with Power Architecture embedded category
— Variable Length Encoding (VLE)

* Memory organization
— Up to 512 KB on-chip code flash memory with ECC and erase/program controller
— Optional 64 (4 x 16) KB on-chip data flash memory with ECC for EEPROM emulation
— Up to 40 KB on-chip SRAM with ECC

» Fail safe protection
— Programmable watchdog timer
— Non-maskable interrupt
— Fault collection unit

* Nexus L2+ interface

* Interrupts
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— 16-channel eDMA controller

— 16 priority level controller
» General purpose 1/Os individually programmable as input, output or special function
» 2 general purpose eTimer units

— 6 timers each with up/down count capabilities

— 16-bit resolution, cascadable counters

— Quadrature decode with rotation direction flag

— Double buffer input capture and output compare
» Communications interfaces

— 2 LINFlex channels (LIN 2.1)

— 4 DSPI channels with automatic chip select generation

— 1 FlexCAN interface (2.0B Active) with 32 message objects

— 1 safety port based on FlexCAN with 32 message objects and up to 7.5 Mbit/s capability;
usable as second CAN when not used as safety port

— 1FlexRay™ module (\V2.1) with selectable dual or single channel support, 32 message objects
and up to 10 Mbit/s

» Two 10-bit analog-to-digital converters (ADC)
— 2 x 15 input channels, 4 channels shared between the two ADCs
— Conversion time < 1 s including sampling time at full precision
— Programmable Cross Triggering Unit (CTU)
— 4 analog watchdogs with interrupt capability
* On-chip CAN/UART bootstrap loader with Boot Assist Module (BAM)
* 1 FlexPWM unit
— 8 complementary or independent outputs with ADC synchronization signals
— Polarity control, reload unit
— Integrated configurable dead time unit and inverter fault input pins
— 16-bit resolution, up to 2 x fp
— Lockable configuration
» Clock generation
— 4-40 MHz main oscillator
— 16 MHz internal RC oscillator
— Software controlled FMPLL capable of speeds as fast as 64 MHz
* \ltage supply
— 3.3V or5Vsupply for 1/0s and ADC
— On-chip single supply voltage regulator with external ballast transistor
» Operating temperature ranges: —40 to 125 °C or —40 to 105 °C
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1.7 Module features

1.7.1 High performance e200z0 core processor

The e200z0 Power Architecture core provides the following features:
» High performance e200z0 core processor for managing peripherals and interrupts
» Single issue 4-stage pipeline in-order execution 32-bit Power Architecture CPU
» Harvard architecture
» \Variable length encoding (VLE), allowing mixed 16-bit and 32-bit instructions
— Results in smaller 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
* Thirty-two 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
» Long cycle time instructions, except for guarded loads, do not increase interrupt latency
» Extensive system development support through Nexus debug port
* Non-maskable interrupt support

1.7.2 Crossbar switch (XBAR)

The XBAR multi-port crossbar switch supports simultaneous connections between four master ports and
three slave ports. The crossbar supports a 32-bit address bus width and a 32-bit data bus width.

The crossbar allows for two concurrent transactions to occur from any master port to any slave port; but
one of those transfers must be an instruction fetch from internal flash memory. If a slave port is
simultaneously requested by more than one master port, arbitration logic will select the higher priority
master and grant it ownership of the slave port. All other masters requesting that slave port will be stalled
until the higher priority master completes its transactions. Requesting masters will be treated with equal
priority and will be granted access to a slave port in round-robin fashion, based upon the ID of the last
master to be granted access.

The crossbar provides the following features:
* 4 master ports:
— e200z0 core complex Instruction port
— e200z0 core complex Load/Store Data port
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— eDMA

— FlexRay
» 3slave ports:

— Flash memory (code flash and data flash)

— SRAM

— Peripheral bridge
e 32-bit internal address, 32-bit internal data paths
» Fixed Priority Arbitration based on Port Master
» Temporary dynamic priority elevation of masters

1.7.3 Enhanced direct memory access (eDMA)

The enhanced direct memory access (eDMA) controller is a second-generation module capable of
performing complex data movements via 16 programmable channels, with minimal intervention from the
host processor. The hardware micro architecture includes a DMA engine which performs source and
destination address calculations, and the actual data movement operations, along with an SRAM-based
memory containing the transfer control descriptors (TCD) for the channels. This implementation is utilized
to minimize the overall block size.

The eDMA module provides the following features:
» 16 channels support independent 8, 16 or 32-bit single value or block transfers

e Supports variable sized queues and circular queues

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

» Each transfer is initiated by a peripheral, CPU, or eDMA channel request

» Each eDMA channel can optionally send an interrupt request to the CPU on completion of a single
value or block transfer

* DMA transfers possible between system memories, DSPIs, ADC, FlexPWM, eTimer and CTU

* Programmable DMA channel multiplexer for assignment of any DMA source to any available
DMA channel with as many as 30 request sources

» eDMA abort operation through software

1.7.4 Flash memory

The MPC5604P provides as much as 576 KB of programmable, non-volatile, flash memory. The
non-volatile memory (NVM) can be used for instruction and/or data storage. The flash memory module
interfaces the system bus to a dedicated flash memory array controller. It supports a 32-bit data bus width
at the system bus port, and a 128-bit read data interface to flash memory. The module contains four 128-bit
wide prefetch buffers. Prefetch buffer hits allow no-wait responses. Normal flash memory array accesses
are registered and are forwarded to the system bus on the following cycle, incurring two wait-states.

The flash memory module provides the following features:
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1.7.5

As much as 576 KB flash memory

— 8 blocks (32 KB +2x16 KB + 32 KB + 32 KB + 3x128 KB) code flash
— 4 blocks (16 KB + 16 KB + 16 KB + 16 KB) data flash

— Full Read While Write (RWW) capability between code and data flash

Four 128-bit wide prefetch buffers to provide single cycle in-line accesses (prefetch buffers can be
configured to prefetch code or data or both)

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

Hardware managed flash memory writes handled by 32-bit RISC Krypton engine
Hardware and software configurable read and write access protections on a per-master basis
Configurable access timing allowing use in a wide range of system frequencies

Multiple-mapping support and mapping-based block access timing (up to 31 additional cycles)
allowing use for emulation of other memory types.

Software programmable block program/erase restriction control
Erase of selected block(s)

Read page sizes

— Code flash memory: 128 bits (4 words)

— Data flash memory: 32 bits (1 word)

ECC with single-bit correction, double-bit detection for data integrity
— Code flash memory: 64-bit ECC

— Data flash memory: 64-bit ECC

Embedded hardware program and erase algorithm

Erase suspend, program suspend and erase-suspended program
Censorship protection scheme to prevent flash memory content visibility
Hardware support for EEPROM emulation

Static random access memory (SRAM)

The MPC5604P SRAM module provides up to 40 KB of general-purpose memory.

ECC handling is done on a 32-bit boundary and is completely software compatible with MPC55xx family
devices with an e200z6 core and 64-bit wide ECC.

The SRAM module provides the following features:

Supports read/write accesses mapped to the SRAM from any master
Up to 40 KB general purpose SRAM
Supports byte (8-bit), half word (16-bit), and word (32-bit) writes for optimal use of memory

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
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1.7.6 Interrupt controller (INTC)

The interrupt controller (INTC) provides priority-based preemptive scheduling of interrupt requests,
suitable for statically scheduled hard real-time systems. The INTC handles 147 selectable-priority
interrupt sources.

For high priority interrupt requests, the time from the assertion of the interrupt request from the peripheral
to when the processor is executing the interrupt service routine (ISR) has been minimized. The INTC
provides a unique vector for each interrupt request source for quick determination of which ISR has to be
executed. It also provides a wide number of priorities so that lower priority ISRs do not delay the execution
of higher priority ISRs. To allow the appropriate priorities for each source of interrupt request, the priority
of each interrupt request is software configurable.

When multiple tasks share a resource, coherent accesses to that resource need to be supported. The INTC
supports the priority ceiling protocol (PCP) for coherent accesses. By providing a modifiable priority
mask, the priority can be raised temporarily so that all tasks which share the same resource can not preempt
each other.
The INTC provides the following features:

» Unique 9-bit vector for each separate interrupt source

» 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: modifying the priority can be used to implement the
Priority Ceiling Protocol for accessing shared resources.

» 2external high priority interrupts directly accessing the main core and I/O processor (I0OP) critical
interrupt mechanism

1.7.7 System status and configuration module (SSCM)
The system status and configuration module (SSCM) provides central device functionality.

The SSCM includes these features:

» System configuration and status
— Memory sizes/status
— Device mode and security status
— Determine boot vector
— Search code flash for bootable sector
— DMA status

* Debug status port enable and selection

» Bus and peripheral abort enable/disable

1.7.8 System clocks and clock generation

The following list summarizes the system clock and clock generation on the MPC5604P:
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» Lock detect circuitry continuously monitors lock status

» Loss of clock (LOC) detection for PLL outputs

» Programmable output clock divider (=1, +2, =4, +8)

* FlexPWM module and eTimer module can run on an independent clock source
»  On-chip oscillator with automatic level control

» Internal 16 MHz RC oscillator for rapid start-up and safe mode: supports frequency trimming by
user application

1.7.9 Frequency-modulated phase-locked loop (FMPLL)

The FMPLL allows the user to generate high speed system clocks from a 4-40 MHz input clock. Further,
the FMPLL supports programmable frequency modulation of the system clock. The PLL multiplication
factor, output clock divider ratio are all software configurable.
The PLL has the following major features:

e Input clock frequency: 4-40 MHz

* Maximum output frequency: 64 MHz

» \oltage controlled oscillator (VCO)—frequency 256-512 MHz

» Reduced frequency divider (RFD) for reduced frequency operation without forcing the PLL to
relock

* Frequency-modulated PLL
— Modulation enabled/disabled through software
— Triangle wave modulation

* Programmable modulation depth (£0.25% to +4% deviation from center frequency):
programmable modulation frequency dependent on reference frequency

» Self-clocked mode (SCM) operation

1.7.10 Main oscillator

The main oscillator provides these features:
* Input frequency range: 4-40 MHz
» Crystal input mode or oscillator input mode
* PLL reference

1.7.11 Internal RC oscillator

This device has an RC ladder phase-shift oscillator. The architecture uses constant current charging of a
capacitor. The voltage at the capacitor is compared by the stable bandgap reference voltage.

The RC oscillator provides these features:
* Nominal frequency 16 MHz
e 5% variation over voltage and temperature after process trim
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» Clock output of the RC oscillator serves as system clock source in case loss of lock or loss of clock
is detected by the PLL

* RC oscillator is used as the default system clock during startup

1.7.12 Periodic interrupt timer (PIT)

The PIT module implements these features:
» 4 general purpose interrupt timers
»  32-bit counter resolution
» Clocked by system clock frequency
» Each channel can be used as trigger for a DMA request

1.7.13 System timer module (STM)

The STM module implements these features:
» One 32-bit up counter with 8-bit prescaler
» Four 32-bit compare channels
* Independent interrupt source for each channel
» Counter can be stopped in debug mode

1.7.14 Software watchdog timer (SWT)

The SWT has the following features:
» 32-bit time-out register to set the time-out period
* Programmable selection of system or oscillator clock for timer operation
* Programmable selection of window mode or regular servicing
* Programmable selection of reset or interrupt on an initial time-out
» Master access protection
» Hard and soft configuration lock bits
» Reset configuration inputs allow timer to be enabled out of reset

1.7.15 Fault collection unit (FCU)

The FCU provides an independent fault reporting mechanism even if the CPU is malfunctioning.

The FCU module has the following features:
» FCU status register reporting the device status
» Continuous monitoring of critical fault signals
» User selection of critical signals from different fault sources inside the device
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» Critical fault events trigger 2 external pins (user selected signal protocol) that can be used
externally to reset the device and/or other circuitry (for example, safety relay or FlexRay
transceiver)

» Faults are latched into a register

1.7.16 System integration unit — Lite (SIUL)

The MPC5604P SIUL controls MCU pad configuration, external interrupt, general purpose 1/0 (GPIO),
and internal peripheral multiplexing.

The pad configuration block controls the static electrical characteristics of 1/0O pins. The GP10O block
provides uniform and discrete input/output control of the 1/0 pins of the MCU.
The SIU provides the following features:

» Centralized general purpose input output (GP10) control of as many as 80 input/output pins and 26
analog input-only pads (package dependent)

» All GPIO pins can be independently configured to support pull-up, pull down, or no pull

» Reading and writing to GP10 supported both as individual pins and 16-bit wide ports

» All peripheral pins (except ADC channels) can be alternatively configured as both general purpose
input or output pins

» ADC channels support alternative configuration as general purpose inputs

» Direct readback of the pin value is supported on all pins through the SIUL

» Configurable digital input filter that can be applied to some general purpose input pins for noise
elimination: as many as 4 internal functions can be multiplexed onto 1 pin

1.7.17 Boot and censorship

Different booting modes are available in the MPC5604P: booting from internal flash memory and booting
via a serial link.

The default booting scheme uses the internal flash memory (an internal pull-down is used to select this
mode). Optionally, the user can boot via FlexCAN or LINFlex (using the boot assist module software).

A censorship scheme is provided to protect the content of the flash memory and offer increased security
for the entire device.

A password mechanism is designed to grant the legitimate user access to the non-volatile memory.

1.7.17.1 Boot assist module (BAM)

The BAM is a block of read-only one-time programmed memory and is identical for all MPC560xP
devices that are based on the e200z0h core. The BAM program is executed every time the device is
powered on if the alternate boot mode has been selected by the user.

The BAM provides the following features:
» Serial bootloading via FlexCAN or LINFlex
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» Ability to accept a password via the used serial communication channel to grant the legitimate user
access to the non-volatile memory

1.7.18 Error correction status module (ECSM)

The ECSM provides a myriad of miscellaneous control functions regarding program-visible information
about the platform configuration and revision levels, a reset status register, a software watchdog timer,
wakeup control for exiting sleep modes, and information on platform memory errors reported by
error-correcting codes and/or generic access error information for certain processor cores.

The Error Correction Status Module supports a number of miscellaneous control functions for the
platform. The ECSM includes these features:

» Registers for capturing information on platform memory errors if error-correcting codes (ECC) are
implemented

» For test purposes, optional registers to specify the generation of double-bit memory errors are
enabled on the MPC5604P.
The sources of the ECC errors are:
* Flash memory
* SRAM

1.7.19 Peripheral bridge (PBRIDGE)

The PBRIDGE implements the following features:
* Duplicated periphery
» Master access privilege level per peripheral (per master: read access enable; write access enable)
»  Write buffering for peripherals
» Checker applied on PBRIDGE output toward periphery
* Byte endianess swap capability

1.7.20 Controller area network (FlexCAN)

The MPC5604P MCU contains one controller area network (FlexCAN) module. This module is a
communication controller implementing the CAN protocol according to Bosch Specification version 2.0B.
The CAN protocol was designed to be used primarily as a vehicle serial data bus, meeting the specific
requirements of this field: real-time processing, reliable operation in the EMI environment of a vehicle,
cost-effectiveness and required bandwidth. The FlexCAN module contains 32 message buffers.
The FlexCAN module provides the following features:
» Full implementation of the CAN protocol specification, version 2.0B

— Standard data and remote frames

— Extended data and remote frames

— Up to 8-bytes data length
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— Programmable bit rate up to 1 Mbit/s

32 message buffers of up to 8-bytes data length

Each message buffer configurable as Rx or Tx, all supporting standard and extended messages
Programmable loop-back mode supporting self-test operation

3 programmable mask registers

Programmable transmit-first scheme: lowest ID or lowest buffer number
Time stamp based on 16-bit free-running timer

Global network time, synchronized by a specific message

Maskable interrupts

Independent of the transmission medium (an external transceiver is assumed)
High immunity to EMI

Short latency time due to an arbitration scheme for high-priority messages
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 six-entry receive FIFO

— 8 programmable acceptance filters for receive FIFO

Programmable clock source

— System clock

— Direct oscillator clock to avoid PLL jitter

1.7.21 Safety port (FlexCAN)

The MPC5604P MCU has a second CAN controller synthesized to run at high bit rates to be used as a
safety port. The CAN module of the safety port provides the following features:

Identical to the FlexCAN module

Bit rate as fast as 7.5 Mbit/s at 60 MHz CPU clock using direct connection between CAN modules
(no physical transceiver required)

32 message buffers of up to 8 bytes data length
Can be used as a second independent CAN module

1.7.22 FlexRay

The FlexRay module provides the following features:

Full implementation of FlexRay Protocol Specification 2.1
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» 32 configurable message buffers can be handled

» Dual channel or single channel mode of operation, each as fast as 10 Mbit/s data rate

* Message buffers configurable as Tx, Rx or RXFIFO

» Message buffer size configurable

» Message filtering for all message buffers based on FramelD, cycle count and message ID
* Programmable acceptance filters for RxFIFO message buffers

1.7.23 Serial communication interface module (LINFlex)

The LINFIlex (local interconnect network flexible) on the MPC5604P features the following:
» Supports LIN Master mode, LIN Slave mode and UART mode
* LIN state machine compliant to LIN1.3, 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 Identifier and as much as 8 data bytes
— Supports message length as long as 64 bytes

— Detection and flagging of LIN errors (sync field, delimiter, ID parity, bit framing, checksum,
and time-out)

— Classic or extended checksum calculation
— Configurable Break duration as long as 36-bit times
— Programmable baud rate prescalers (13-bit mantissa, 4-bit fractional)
— Diagnostic features: Loop back; Self Test; LIN bus stuck dominant detection
— Interrupt-driven operation with 16 interrupt sources
* LIN slave mode features
— Autonomous LIN header handling
— Autonomous LIN response handling
* UART mode
— Full-duplex operation
— Standard non return-to-zero (NRZ) mark/space format
— Data buffers with 4-byte receive, 4-byte transmit
— Configurable word length (8-bit or 9-bit words)
— Error detection and flagging
— Parity, Noise and Framing errors
— Interrupt-driven operation with four interrupt sources
— Separate transmitter and receiver CPU interrupt sources
— 16-bit programmable baud-rate modulus counter and 16-bit fractional
— 2 receiver wake-up methods
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1.7.24 Deserial serial peripheral interface (DSPI)

The deserial serial peripheral interface (DSPI) module provides a synchronous serial interface for
communication between the MPC5604P MCU and external devices.
The DSPI modules provide these features:
* Full duplex, synchronous transfers
» Master or slave operation
» Programmable master bit rates
» Programmable clock polarity and phase
» End-of-transmission interrupt flag
» Programmable transfer baud rate
* Programmable data frames from 4 to 16 bits
» Up to 20 chip select lines available
— 8on DSPI_0
— 4 each on DSPI_1, DSPI_2 and DSPI_3
» 8 clock and transfer attributes registers
» Chip select strobe available as alternate function on one of the chip select pins for deglitching
* FIFOs for buffering as many as 5 transfers on the transmit and receive side
* Queueing operation possible through use of the eDMA
» General purpose 1/0 functionality on pins when not used for SPI

1.7.25 Pulse width modulator (FlexPWM)

The pulse width modulator module (PWM) contains four PWM submodules, each capable of controlling
a single half-bridge power stage. There are also four fault channels.

This PWM is capable of controlling most motor types: AC induction motors (ACIM), permanent magnet
AC motors (PMAC), both brushless (BLDC) and brush DC motors (BDC), switched (SRM) and variable
reluctance motors (VRM), and stepper motors.
The FlexPWM block implements the following features:
» 16-bit resolution for center, edge-aligned, and asymmetrical PWMs
» Maximum operating clock frequency of 120 MHz
* PWM outputs can operate as complementary pairs or independent channels
e Can accept signed numbers for PWM generation
* Independent control of both edges of each PWM output
* Synchronization to external hardware or other PWM supported
* Double buffered PWM registers
— Integral reload rates from 1 to 16
— Half cycle reload capability
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Multiple ADC trigger events can be generated per PWM cycle via hardware

Write protection for critical registers

Fault inputs can be assigned to control multiple PWM outputs

Programmable filters for fault inputs

Independently programmable PWM output polarity

Independent top and bottom deadtime insertion

Each complementary pair can operate with its own PWM frequency and deadtime values
Individual software-control for each PWM output

All outputs can be programmed to change simultaneously via a “Force Out” event
PWMX pin can optionally output a third PWM signal from each submodule

Channels not used for PWM generation can be used for buffered output compare functions
Channels not used for PWM generation can be used for input capture functions
Enhanced dual-edge capture functionality

eDMA support with automatic reload

2 fault inputs

Capture capability for PIWMA, PWMB, and PWMX channels not supported

1.7.26 eTimer

The MPC5604P includes two eTimer modules. Each module provides six 16-bit general purpose up/down
timer/counter units with the following features:

Maximum operating clock frequency of 120 MHz

Individual channel capability

— Input capture trigger

— Output compare

— Double buffer (to capture rising edge and falling edge)

— Separate prescaler for each counter

— Selectable clock source

— 0-100% pulse measurement

— Rotation direction flag (Quad decoder mode)

Maximum count rate

— External event counting: max. count rate = peripheral clock/2
— Internal clock counting: max. count rate = peripheral clock
Counters are:

— Cascadable

— Preloadable

Programmable count modulo

Quadrature decode capabilities
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Counters can share available input pins
Count once or repeatedly
Pins available as GPIO when timer functionality not in use

1.7.27 Analog-to-digital converter (ADC) module

The ADC module provides the following features:

Analog part:

2 on-chip AD converters

— 10-bit AD resolution

— 1 sample and hold unit per ADC

— Conversion time, including sampling time, less than 1 ps (at full precision)
— Typical sampling time is 150 ns min. (at full precision)

— Differential non-linearity error (DNL) =1 LSB

— Integral non-linearity error (INL) £1.5 LSB

— TUE<3LSB

— Single-ended input signal up to 5.0 V

— The ADC and its reference can be supplied with a voltage independent from Vpp o
— The ADC supply can be equal or higher than Vpp,o

— The ADC supply and the ADC reference are not independent from each other (they are
internally bonded to the same pad)

— Sample times of 2 (default), 8, 64, or 128 ADC clock cycles

Digital part:

2 x 13 input channels including 4 channels shared between the 2 converters

4 analog watchdogs comparing ADC results against predefined levels (low, high, range) before
results are stored in the appropriate ADC result location,

2 modes of operation: Normal mode or CTU control mode
Normal mode features

— Register-based interface with the CPU: control register, status register, 1 result register per
channel

— ADC state machine managing 3 request flows: regular command, hardware injected command,
software injected command

— Selectable priority between software and hardware injected commands

— 4 analog watchdogs comparing ADC results against predefined levels (low, high, range)
— DMA compatible interface

CTU control mode features

— Triggered mode only

— 4 independent result queues (2 x 16 entries, 2 x 4 entries)
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— Result alignment circuitry (left justified; right justified)
— 32-bit read mode allows to have channel ID on one of the 16-bit part
— DMA compatible interfaces

1.7.28 Cross triggering unit (CTU)

The cross triggering unit allows automatic generation of ADC conversion requests on user selected
conditions without CPU load during the PWM period and with minimized CPU load for dynamic
configuration.

It implements the following features:

» Double buffered trigger generation unit with as many as eight independent triggers generated from
external triggers

» Trigger generation unit configurable in sequential mode or in triggered mode
» Each Trigger can be appropriately delayed to compensate the delay of external low pass filter

» Double buffered global trigger unit allowing eTimer synchronization and/or ADC command
generation

* Double buffered ADC command list pointers to minimize ADC-trigger unit update
* Double buffered ADC conversion command list with as many as 24 ADC commands
» Each trigger has the capability to generate consecutive commands

» ADC conversion command allows to control ADC channel from each ADC, single or synchronous
sampling, independent result queue selection

1.7.29 Nexus development interface (NDI)

The NDI (Nexus Development Interface) block provides real-time development support capabilities for
the MPC5604P Power Architecture based MCU in compliance with the IEEE-ISTO 5001-2003 standard.
This development support is supplied for MCUs without requiring external address and data pins for
internal visibility. The NDI block is an integration of several individual Nexus blocks that are selected to
provide the development support interface for this device. The NDI block interfaces to the host processor
and internal busses to provide development support as per the IEEE-ISTO 5001-2003 Class 2+ standard.
The development support provided includes access to the MCU'’s internal memory map and access to the
processor’s internal registers during run time.
The Nexus Interface provides the following features:
» Configured via the IEEE 1149.1
» All Nexus port pins operate at Vpp,o (no dedicated power supply)
» Nexus 2+ features supported
— Static debug
— Watchpoint messaging
— Ownership trace messaging
— Program trace messaging
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— 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
» Auxiliary Output Port

— 4 MDO (Message Data Out) pins

— MCKO (Message Clock Out) pin

— 2 MSEO (Message Start/End Out) pins

— EVTO (Event Out) pin
* Auxiliary Input Port

— EVTI (Event In) pin

1.7.30 Cyclic redundancy check (CRC)

The CRC computing unit is dedicated to the computation of CRC off-loading the CPU. The CRC module
features:

» Support for CRC-16-CCITT (x25 protocol):
— x®exPxd+1

e Support for CRC-32 (Ethernet protocol):
L x324 4264423 1322 16 12 11010 08 T L B A2y

e Zero wait states for each write/read operations to the CRC_CFG and CRC_INP registers at the
maximum frequency

1.7.31 |IEEE 1149.1 JTAG controller

The JTAG controller (JTAGC) block provides the means to test chip functionality and connectivity while
remaining transparent to system logic when not in test mode. All data input to and output from the JTAGC
block is communicated in serial format. The JTAGC block is compliant with the IEEE standard.
The JTAG controller provides the following features:
» |EEE Test Access Port (TAP) interface with 4 pins (TDI, TMS, TCK, TDO)
» Selectable modes of operation include JTAGC/debug or normal system operation.
» A 5-bit instruction register that supports the following IEEE 1149.1-2001 defined instructions:
— BYPASS, IDCODE, EXTEST, SAMPLE, SAMPLE/PRELOAD
» A 5-bit instruction register that supports the additional following public instructions:
— ACCESS_AUX_TAP_NPC, ACCESS_AUX_TAP_ONCE
» 3test dataregisters: a bypass register, a boundary scan register, and a device identification register.

» ATAP controller state machine that controls the operation of the data registers, instruction register
and associated circuitry.
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1.7.32 On-chip voltage regulator (VREG)

The on-chip voltage regulator module provides the following features:

1.8

The MPC5604P MCU tools and third-party developers are similar to those used for the Freescale
MPC5500 product family, offering a widespread, established network of tool and software vendors.

Uses external NPN (negative-positive-negative) transistor

Regulates external 3.3 V /5.0 V down to 1.2 V for the core logic
Low voltage detection on the internal 1.2 V and I/O voltage 3.3 V

Developer en

vironment

The following development support is available:

1.9

MPC5604P family members are offered in the following package types:

Automotive Evaluation Boards (EVB) featuring CAN, LIN interfaces, and more

Compilers
Debuggers
JTAG and Nexus inte

rfaces

Autocode generation tools

Initialization tools

Package

100-pin LQFP, 0.5 mm pitch, 14 mm x 14 mm outline
144-pin LQFP 0.5 mm pitch, 20 mm x 20 mm outline

Table 1-2. MPC5604P packages

Device

100 LQFP

144 LQFP

MPC5604P

X

X
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Chapter 2 MPC5604P memory map

Table 2-1 shows the memory map for the MPC5604P. All addresses on the MPC5604P, including those

that are reserved, are identified in the table. The addresses represent the physical addresses assigned to

each IP block.

Please see Appendix B, Memory Map for detailed memory map.

Table 2-1. Memory map

Start address | End address (SK';‘; Region name
On-chip memory
0x0000_0000 | 0x0007_FFFF 512 Code Flash Array 0
0x0008_0000 | 0x001F_FFFF | 1536 |Reserved
0x0020_0000 | 0x0020_3FFF 16 Code Flash Array 0 Shadow Sector
0x0020_4000 | 0X003F_FFFF | 2032 |Reserved
0x0040_0000 | 0x0040_3FFF 16 Code Flash Array 0 Test Sector
0x0040_4000 | 0x007F_FFFF | 4080 |Reserved
0x0080_0000 | 0x0080_FFFF 64 Data Flash Array 0
0x0081_0000 | OxO0OBF_FFFF| 4032 |Reserved
0x00C0_0000 | 0x00CO_3FFF 16 Data Flash Array O Test Sector
0x00C0_4000 | OXOOFF_FFFF | 4080 |Reserved
0x0100_0000 | Ox1FFF_FFFF | 507904 |Flash Emulation Mapping
0x2000_0000 | Ox3FFF_FFFF | 524288 |Reserved
0x4000_0000 | 0x4000_9FFF 40 SRAM
0x4000_A000 | OxC3F8_0000 | 1048536 | Reserved
On-chip peripherals’
0xC3F8_0000 | 0xC3F8_7FFF 32 Reserved
0xC3F8_8000 | 0xC3F8_BFFF 16 Code Flash 0 Configuration (CFLASH_O)
0xC3F8_C000 | 0OxC3F8_FFFF 16 Data Flash 0 Configuration (DFLASH_O)
0xC3F9_0000 | 0xC3F9_3FFF 16 System Integration Unit Lite (SIUL)
0xC3F9_4000 | 0XC3F9_7FFF 16 WakeUp Unit (WKUP)
0xC3F9_8000 | 0xC3FD_7FF 256 Reserved
F
0xC3FD_8000 | 0xC3FD_BFF 16 System Status and Configuration Module (SSCM)
F
0xC3FD_CO00 | 0xC3FD_FFF 16 MagicCarpet (MC_ME)
0 F
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Table 2-1. Memory map (continued)

Start address | End address (SKlzBe) Region name
0xC3FE_0000 | 0OxC3FE_3FFF 16 Clock Generation Module (CGM, XOSC, IRC, FMPLL_0, FMPLL_1,
CMU_0, CMU_1)
O0xC3FE_4000 | OXC3FE_7FFF 16 MagicCarpet (MC_RGM)
0xC3FE_8000 | 0xC3FE_BFF 16 Power Control Unit (PCU)?
F
0xC3FE_CO00 | OxC3FE_FFF 16 Reserved
0 F
0xC3FF_0000 | 0xC3FF_3FFF 16 Periodic Interrupt Timer (PIT)
0xC3FF_4000 | 0xC3FF_FFFF 48 Reserved
OxFFEO_0000 | OXFFEO_3FFF 16 Analog to Digital Converter 0 (ADCO)
OxFFEO_4000 | OXFFEO_7FFF 16 Analog to Digital Converter 1 (ADC1)
OxFFEO_8000 | OxFFEO_BFFF 16 Reserved
OxFFEO_CO000 | OXFFEO_FFFF 16 CTU_O
OxFFE1_0000 | OXFFE1_7FFF 32 Reserved
OxFFE1_8000 | OXFFE1_BFFF 16 eTimer_0
OxFFE1_C000 | OXFFE1_FFFF 16 eTimer_1
OxFFE2_0000 | OxFFE2_3FFF 16 Reserved
OxFFE2_4000 | OXFFE2_7FFF 16 FlexPWM_0
OxFFE2_8000 | OxFFE3_FFFF 96 Reserved
OxFFE4_0000 | OXxFFE4_3FFF 16 LINFlex O
OxFFE4_4000 | OXFFE4_7FFF 16 LINFlex 1
OxFFE5_0000 | OXFFE6_7FFF 128 Reserved
OxFFE6_8000 | OXFFE6_BFFF 16 Cyclic Redundancy Check (CRC)
OxFFE6_CO000 | OXFFE6_FFFF 16 Fault Collection Unit (FCU)
OxFFE7_0000 | OXFFE7_FFFF 64 Reserved
OxFFE8_0000 | OXFFEF_FFFF 512 Mirrored (range 0xC3F8_0000 — 0xC3FF_FFFF)
O0xFFFO0_0000 | OXFFF3_7FFF 224 Reserved
OxFFF3_8000 | OxFFF3_BFFF 16 Software Watchdog (SWT_0)
OxFFF3_CO000 | OXFFF3_FFFF 16 System Timer Module (STM_0)
O0xFFF4_0000 | OxFFF4_3FFF 16 Error Correction Status Module (ECSM)
OxFFF4_4000 | OxFFF4_7FFF 16 Enhanced Direct Memory Access Controller (eDMA)
OxFFF4_8000 | OxFFF4_BFFF 16 Interrupt Controller (INTC)
OxFFF4_CO000 | OxFFF8_FFFF 272 Reserved
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Table 2-1. Memory map (continued)

Start address | End address (SKlzBe) Region name
OxFFF9_0000 | OXFFF9_3FFF 16 DSPI 0
OxFFF9_4000 | OXFFF9_7FFF 16 DSPI 1
O0xFFF9_8000 | OXFFF9_BFFF 16 DSPI 2
O0xFFF9_CO000 | OXFFF9_FFFF 16 DSPI_3
OxFFFA_0000 | OxFFFB_FFFF 128 Reserved
O0xFFFC_0000 | OXFFFC_3FFF 16 FlexCAN 0 (CANO)
OxFFFC_4000 | OxFFFD_BFF 96 Reserved
F
OxFFFD_CO00 | OXFFFD_FFF 16 DMA Multiplexer (DMA_MUX)
0 F
OxFFFE_0000 | OXFFFE_3FFF 16 FlexRay Controller (FlexRay)
OxFFFE_4000 | OXFFFE_7FFF 16 Reserved
OxFFFE_8000 | OXFFFE_BFF 16 SafetyPort (FlexCAN)
F
OxFFFE_CO00 | OxFFFF_BFFF 64 Reserved
0
OxFFFF_CO000 | OXFFFF_FFFF 16 Boot Assist Module (BAM)

1 Running and Low Power Mode configurations for peripherals listed on Table 6-2 (ME registers) is related to
Peripheral Control registers (ME_PCTL)

2 This address space contains also VREG registers. See Chapter 35, “Voltage Regulators and Power Supplies.”
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Chapter 3 Signal Description

This chapter describes the signals of the MPC5604P. It includes a table of signal properties and detailed
descriptions of signals.

3.1 144-pin LQFP pinout
Figure 3-1 shows the pinout of the 144-pin LQFP.
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Figure 3-1. 144-pin LQFP pinout (top view)

3.2 100-pin LQFP pinout
shows the pinout of the 100-pin LQFP.
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Figure 3-2. 100-pin LQFP pinout (top view)

Pin description

The following sections provide signal descriptions and related information about the functionality and
configuration of the MPC5604P devices.

Power supply and reference voltage pins

Table 3-1 lists the power supply and reference voltage for the MPC5604P devices.
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Table 3-1. Supply pins

Supply Pin

Symbol Description 100-pin 144-pin

VREG control and power supply pins. Pins available on 100-pin and 144-pin package.

BCTRL Voltage regulator external NPN ballast base control pin 47 69

Vpp_Hv_Reg (8.3 V | Voltage regulator supply voltage 50 72
or5.0V)

Vpp_ v Regcor | 1.2 V decoupling pins for core logic and regulator feedback. 48 70

Decoupling capacitor must be connected between this pins
and Vss |v_REGCOR-

Vss v Reccor | 1.2 V decoupling pins for core logic and regulator feedback. 49 71
Decoupling capacitor must be connected between this pins

and Vpp_Lv_REGCOR-

ADC_0/ADC_1 reference and supply voltage. Pins available on 100-pin and 144-pin package.

VDD_HV_ADCO1 ADC_0 supply and high reference voltage 33 50
Vss_Hv_ADCO ADC_0 ground and low reference voltage 34 51
Vbp_Hv_ADCH ADC_1 supply and high reference voltage 39 56
Vss_Hv_ADCH ADC_1 ground and low reference voltage 40 57

Power supply pins (3.3 V or 5.0 V). All pins available on 144-pin package.
Five pairs (Vpp; Vsg) available on 100-pin package.

VDD_HV_|002 Input/Output supply voltage — 6
Vss_Hv 1007 Input/Output ground — 7
Vbp_Hv_IO1 Input/Output supply voltage 13 21
Vss_Hv_101 Input/Output ground 14 22
Vbp_Hv_I102 Input/Output supply voltage 63 91
Vss Hv_ 102 Input/Output ground 62 90
Vbp_Hv_103 Input/Output supply voltage 87 126
Vss Hv_ 103 Input/Output ground 88 127
VbD_HV_FL Code and data flash supply voltage 69 97
Vss Hv FL Code and data flash supply ground 68 96
Vbb_Hv_0sc Crystal oscillator amplifier supply voltage 16 27
Vss Hv_osc Crystal oscillator amplifier ground 17 28

Power supply pins (1.2 V). All pins available on 100-pin and 144-pin package.

Vbb_Lv_CORo 1.2 V Decoupling pins for core logic. Decoupling capacitor 12 18
must be connected between these pins and the nearest

Vss_Lv_cor pin.
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Table 3-1. Supply pins (continued)

Supply

Pin

Symbol

Description

100-pin

144-pin

Vss_Lv_coRo

1.2 V Decoupling pins for core logic. Decoupling capacitor
must be connected between these pins and the nearest

Vbp_Lv_coR pin.

11

17

VbD_Lv_COR1

1.2 V Decoupling pins for core logic. Decoupling capacitor
must be connected between these pins and the nearest

Vss_Lv_cor Pin.

65

93

Vss_Lv_coRri1

1.2 V Decoupling pins for core logic. Decoupling capacitor
must be connected between these pins and the nearest

Vbp_Lv_coR Pin.

66

94

Vbp_Lv_core

1.2 V Decoupling pins for core logic. Decoupling capacitor
must be connected between these pins and the nearest

Vss_Lv_cor Pin.

92

131

Vss Lv_core

1.2 V Decoupling pins for core logic. Decoupling capacitor
must be connected between these pins and the nearest

Vbp_Lv_cor Pin.

93

132

Vbp_Lv_COR3

1.2 V Decoupling pins for on-chip PLL modules. Decoupling
capacitor must be connected between this pin and

Vss_Lv_CoRa:

25

36

Vss_Lv_COR3

1.2 V Decoupling pins for on-chip PLL modules. Decoupling
capacitor must be connected between this pin and

Vbp_Lv_CORs-

24

35

1 Analog supply/ground and high/low reference lines are internally physically separate, but are shorted via a
double-bonding connection on Vpp 1y apcx/Vss_Hv_abcx Pins.
2 Not available on 100-pin package.

3.3.2 System pins

Table 3-1 and Table 3-2 contain information on pin functions for the MPC5604P devices. The pins listed
in Table 3-2 are single-function pins. The pins shown in Table 3-3 are multi-function pins, programmable
via their respective Pad Configuration Register (PCR) values.

Table 3-2. System pins

Pad speed’ Pin
Symbol Description Direction
SRC=0 |SRC=1| 100-pin | 144-pin
Dedicated pins. Available on 100-pin and 144-pin package.

MDOI0] Nexus Message Data Output—line 0 Output only Fast — 9
NMI Non-Maskable Interrupt Input only Slow — 1 1
XTAL Analog output of the oscillator amplifier — — — 18 29

circuit; needs to be grounded if oscillator

is used in bypass mode
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Table 3-2. System pins (continued)

Pad speed’ Pin
Symbol Description Direction
SRC=0 | SRC=1| 100-pin | 144-pin
EXTAL * Analog input of oscillator amplifier — — — 19 30
circuit, when oscillator not in bypass
mode

¢ Analog input for clock generator when
oscillator in bypass mode

TMS JTAG state machine control Input only Slow Fast 59 87
TCK JTAG clock Input only Slow — 60 88
TDI Test Data In Input only Slow Medium 58 86
TDO Test Data Out Output only Slow Fast 61 89

Reset pin, available on 100-pin and 144-pin package.

RESET Bidirectional reset with Schmitt trigger Bidirectional | Medium — 20 31
characteristics and noise filter

Test pin, available on 100-pin and 144-pin package.

VPP_TEST | Pin for testing purpose only. To be tied to — — — 74 107
ground in normal operating mode.

' SCR values refer to the value assigned to the Slew Rate Control bits of the pad configuration register.

3.3.3 Pin muxing
Table 3-3 defines the pin list and muxing for the MPC5604P devices.

Each row of Table 3-3 shows all the possible ways of configuring each pin, via alternate functions. The
default function assigned to each pin after reset is the ALTO function.
MPC5604P devices provide four main /O pad types, depending on the associated functions:

» Slow pads are the most common, providing a compromise between transition time and low
electromagnetic emission.

» Medium pads provide fast enough transition for serial communication channels with controlled
current to reduce electromagnetic emission.

» Fast pads provide maximum speed. They are used for improved NEXUS debugging capability.
» Symmetric pads are designed to meet FlexRay requirements.

Medium and Fast pads can use slow configuration to reduce electromagnetic emission, at the cost of
reducing AC performance. For more information, see the data sheet’s “Pad AC Specifications” section.
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Table 3-3. Pin muxing

Pad speed® Pin No
Port _Pad . Alternate . . 3 . I/O.
in configuration function’-2 Functions Peripheral direction .g_ .g_
PIN | register (PCR) 4 SRC=0 | SRC=1 | £ | 2
23
Port A (16-bit)
A[0] PCRIO] ALTO GPIO[0] SIUL /0 Slow Medium | 51 | 73
ALTAH ETC[0] eTimer_0 I/0
ALT2 SCK DSPI_2 0]
ALT3 F[O] FCU_O O
— EIRQ[O0] SIUL |
Al1] PCR[1] ALTO GPIO[1] SIUL I/0 Slow Medium | 52 | 74
ALTA1 ETC[1] eTimer_0 /0
ALT2 SOUT DSPI_2 0]
ALT3 F[1] FCU_O 0]
— EIRQ[1] SIUL |
A[2]8 PCR[2] ALTO GPIO[2] SIUL /0 Slow Medium | 57 | 84
ALTAH ETC[2] eTimer_0 I/0
ALT2 — — —
ALT3 A[3] FlexPWM_0 0]
— SIN DSPI_2 |
— ABSJ[0] MC_RGM I
— EIRQ[2] SIUL |
A[3]8 PCRI3] ALTO GPIO[3] SIUL /0 Slow Medium | 64 | 92
ALTAH ETC[3] eTimer_0 /0
ALT2 CSso DSPI_2 /0
ALT3 B[3] FlexPWM_0 0]
— ABS|2] MC_RGM I
— EIRQI[3] SIUL |
A[418 PCR[4] ALTO GPIO[4] SIUL /0 Slow Medium | 75 (108
ALTH ETCI[O0] eTimer_1 /0
ALT2 CSt DSPI_2 O
ALT3 ETC[4] eTimer_0 /0
— FAB MC_RGM |
— EIRQ[4] SIUL |
A[5] PCRI5] ALTO GPIO[5] SIUL I/0 Slow Medium | 8 | 14
ALTA1 CSso DSPI_1 /0
ALT2 ETCI[5] eTimer_1 /0
ALT3 Cs7 DSPI_0O 0]
— EIRQI[5] SIUL |
A[6] PCRI6] ALTO GPIO[6] SIUL I/0 Slow Medium | 2 | 2
ALTA SCK DSPI_1 I/0
ALT2 — — —
ALT3 — — —
— EIRQI[6] SIUL |
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Table 3-3. Pin muxing (continued)

Pad speed® Pin No
Port _Pad . Alternate . . 3 . IIO_
in configuration function-2 Functions Peripheral direction .g_ %_
PIN | register (PCR) 4 SRC=0 | SRC=1 | & | ¢
2|2
A[7] PCR[7] ALTO GPIO[7] SIUL /0 Slow Medium | 4 | 10
ALTAH SOuUT DSPI_1 0]
ALT2 — — —
ALT3 — — —
— EIRQ[7] SIUL |
A[8] PCRI[8] ALTO GPIO[8] SIUL 1/0 Slow Medium 6 | 12
ALTAH — — —
ALT2 — — —
ALT3 — — —
— SIN DSPI_1 |
— EIRQ[8] SIUL |
A[9] PCRI9] ALTO GPIO[9] SIUL I/0 Slow Medium | 94 (134
ALTH CSs1 DSPI_2 O
ALT2 — — —
ALT3 B[3] FlexPWM_0 0]
— FAULT[O] FlexPWM_0 |
A[10 PCR[10] ALTO GPIO[10] SIUL I/0 Slow Medium | 81 | 118
] ALTA1 CSo DSPI_2 I/O
ALT2 B[O] FlexPWM_0 (0]
ALT3 X[2] FlexPWM_0 I/0
— EIRQ[9] SIUL |
A1 PCR[11] ALTO GPIO[11] SIUL I/0 Slow Medium | 82 | 120
] ALTA1 SCK DSPI_2 I/0
ALT2 A[0] FlexPWM_0 0]
ALT3 Al2] FlexPWM_0 0]
— EIRQ[10] SIUL |
A[12 PCR[12] ALTO GPIO[12] SIUL I/0 Slow Medium | 83 | 122
] ALTAH SOuUT DSPI_2 0]
ALT2 A[2] FlexPWM_0 O
ALT3 B[2] FlexPWM_0 0]
— EIRQ[11] SIUL |
A[13 PCR[13] ALTO GPIO[13] SIUL I/0 Slow Medium | 95 (136
1 ALTA1 — — —
ALT2 B[2] FlexPWM_0 0]
ALT3 — — —
— SIN DSPI_2 |
— FAULT[O] FlexPWM_0 |
— EIRQ[12] SIUL |
Al14 PCR[14] ALTO GPIO[14] SIUL /0 Slow Medium | 99 | 143
] ALTA1 TXD Safety Port_0 o
ALT2 ETC[4] eTimer_1 1/0
ALT3 — — —
— EIRQ[13] SIUL |

MPC5604P Microcontroller Reference Manual, Rev. 6

56

Freescale Semiconductor




Table 3-3. Pin muxing (continued)

Pad speed® Pin No
Port _Pad . Alternate . . 3 . IIO_
pin configuration function-2 Functions Peripheral dlregtlon .g_ %_
register (PCR) SRC=0 | SRC=1 | & | &
2|2
A[15 PCR[15] ALTO GPIO[15] SIUL /0 Slow Medium |100| 144
] ALTAH — — —
ALT2 ETCI[5] eTimer_1 /0
ALT3 — — —
— RXD Safety Port_0 |
— EIRQ[14] SIUL |
Port B (16-bit)
B[0] PCR[16] ALTO GPIO[16] SIUL /0 Slow Medium | 76 | 109
ALTAH TXD FlexCAN_O O
ALT2 ETC[2] eTimer_1 /0
ALT3 DEBUGIO0] SSCM —
— EIRQ[15] SIUL |
B[1] PCR[17] ALTO GPIO[17] SIUL I/0 Slow Medium | 77 [110
ALTAH — — —
ALT2 ETCI[3] eTimer_1 /0
ALT3 DEBUGI1] SSCM —
— RXD FlexCAN_O |
— EIRQ[16] SIUL |
B[2] PCR[18] ALTO GPIO[18] SIUL /0 Slow Medium | 79 | 114
ALTA TXD LIN_O 0]
ALT2 — — —
ALT3 DEBUGI2] SSCM —
— EIRQ[17] SIUL |
B[3] PCR[19] ALTO GPIO[19] SIUL 1/0 Slow Medium | 80 | 116
ALTAH — — —
ALT2 — — —
ALT3 DEBUGI3] SSCM —
— RXD LIN_O |
B[6] PCR[22] ALTO GPIO[22] SIUL I/0 Slow Medium | 96 | 138
ALTAH CLKOUT MC_CGL 0]
ALT2 CSs2 DSPI_2 (0]
ALT3 — — —
— EIRQ[18] SIUL |
B[7] PCR[23] ALTO GPIO[23] SIUL Input only — — 29 | 43
ALTA — —
ALT2 — —
ALT3 — —
— AN[O] ADC_0
— RXD LIN_O
B[8] PCR[24] ALTO GPIO[24] SIUL Input only — — 31 | 47
ALTAH — —
ALT2 — —
ALT3 — —
— AN[1] ADC_0
— ETC[5] eTimer_0
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Table 3-3. Pin muxing (continued)

Pad speed® Pin No
Port _Pad . Alternate . . 3 . IIO_
pin configuration function-2 Functions Peripheral dlregtlon .g_ %_
register (PCR) SRC=0 | SRC=1 | & | &
o <
B[9] PCR[25] ALTO GPIO[25] SIUL Input only — — 35 | 52
ALTA — —
ALT2 — —
ALT3 — —
— AN[11] |ADC_0/ADC_1
B[10 PCR[26] ALTO GPIO[26] SIUL Input only — — 36 | 53
] ALTA — —
ALT2 — —
ALT3 — —
— AN[12] |ADC_0/ADC_1
B[11 PCR[27] ALTO GPIO[27] SIUL Input only — — 37 | 54
] ALTA — —
ALT2 — —
ALT3 — —
— AN[13] |ADC_0/ADC_A1
B[12 PCR[28] ALTO GPIO[28] SIUL Input only — — 38 | 55
] ALTA — —
ALT2 — —
ALT3 — —
— AN[14] |ADC_0/ADC_1
B[13 PCR[29] ALTO GPIO[29] SIUL Input only — — 42 | 60
] ALTA — —
ALT2 — —
ALT3 — —
— AN[O] ADC_1
— RXD LIN_1
B[14 PCR[30] ALTO GPIO[30] SIUL Input only — — 44 | 64
] ALT1 — —
ALT2 — —
ALT3 — —
— AN[1] ADC_1
— ETC[4] eTimer_0
— EIRQ[19] SIUL
B[15 PCR[31] ALTO GPIO[31] SIUL Input only — — 43 | 62
] ALTA — —
ALT2 — —
ALT3 — —
— AN[2] ADC_1
— EIRQ[20] SIUL
Port C (16-bit)
C[o] PCR[32] ALTO GPIO[32] SIUL Input only — — 45 | 66
ALT1 — —
ALT2 — —
ALT3 — —
— AN[3] ADC_1
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Table 3-3. Pin muxing (continued)

Pad speed® Pin No
Port Pad Alternate Vo
- configuration . 12| Functions Peripheral® direction £ | £
pin function” S | o
register (PCR) 4 SRC=0 | SRC=1 | & | &
o <
C[1] PCRI[33] ALTO GPIO[33] SIUL Input only — — 28 | 41
ALTAH — —
ALT2 — —
ALT3 — —
— AN[2] ADC_0
Cl[2] PCR[34] ALTO GPIO[34] SIUL Input only — — 30 | 45
ALTA1 — —
ALT2 — —
ALT3 — —
— AN[3] ADC_0
CI[3] PCR[35] ALTO GPIO[35] SIUL /0 Slow Medium | 10 | 16
ALTA CSt DSPI_0 0]
ALT2 ETC[4] eTimer_1 /0
ALT3 TXD LIN_1 0]
— EIRQ[21] SIUL |
Cl4] PCR[36] ALTO GPIO[36] SIUL /0 Slow Medium | 5 | 11
ALTA1 CSo DSPI_0O I/0
ALT2 X[1] FlexPWM_0 /0
ALT3 DEBUGI[4] SSCM —
— EIRQ[22] SIUL |
C[5] PCRI[37] ALTO GPIO[37] SIUL I/0 Slow Medium | 7 | 13
ALTA SCK DSPI_0 I/0
ALT2 — — —
ALT3 DEBUGI5] SSCM —
— FAULT[3] FlexPWM_0 |
— EIRQ[23] SIUL I
C[6] PCRI[38] ALTO GPIO[38] SIUL I/0 Slow Medium | 98 | 142
ALTAH SOUT DSPI_0 I/0
ALT2 B[1] FlexPWM_0 0]
ALT3 DEBUGI6] SSCM —
— EIRQ[24] SIUL |
C[7] PCRI[39] ALTO GPIO[39] SIUL /0 Slow Medium | 9 | 15
ALTAH — — —
ALT2 All] FlexPWM_0 0]
ALT3 DEBUGI7] SSCM —
— SIN DSPI_0 |
C[8] PCR[40] ALTO GPIO[40] SIUL I/0 Slow Medium | 91 (130
ALTAH CSs1 DSPI_1 O
ALT2 — — —
ALT3 CS6 DSPI_0 o
— FAULT[2] FlexPWM_0 I
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Table 3-3. Pin muxing (continued)

Pad speed® Pin No.
Port _Pad . Alternate . . 3 . IIO_
in configuration function-2 Functions Peripheral direction .g_ %_
PIN | register (PCR) 4 SRC=0 | SRC=1 | & | ¢
2|2
C[9] PCR[41] ALTO GPIO[41] SIUL /0 Slow Medium | 84 | 123
ALTAH CS3 DSPI_2 0]
ALT2 — — —
ALT3 X[3] FlexPWM_0 I/O
— FAULT[2] FlexPWM_0 |
Cc[10 PCR[42] ALTO GPIO[42] SIUL I/0 Slow Medium | 78 | 111
] ALTAH Cs2 DSPI_2 0]
ALT2 — — —
ALT3 A[3] FlexPWM_0 0]
— FAULT[1] FlexPWM_0 |
C[11 PCR[43] ALTO GPIO[43] SIUL /0 Slow Medium | 55 | 80
] ALTAH ETC[4] eTimer_0 I/0
ALT2 Cs2 DSPI_2 0]
ALT3 CSo DSPI_3 I/O
C[12 PCR[44] ALTO GPIO[44] SIUL /0 Slow Medium | 56 | 82
1 ALTAH ETC[5] eTimer_0 I/0
ALT2 CS3 DSPI_2 O
ALT3 CSt DSPI_3 O
C[13 PCR[45] ALTO GPIO[45] SIUL /0 Slow Medium | 71 | 101
] ALTAH ETC[1] eTimer_1 I/0
ALT2 — — —
ALT3 — — —
— EXT_IN CTU_O |
— EXT_SYNC| FlexPWM_0 |
C[14 PCR[46] ALTO GPIO[46] SIUL /0 Slow Medium | 72 [ 103
] ALTAH ETC[2] eTimer_1 /0
ALT2 EXT_TGR CTU_O 0]
ALT3 — — —
C[15 PCR[47] ALTO GPIO[47] SIUL 1/0 Slow Symmetric| 85 | 124
] ALTAH CA_TR_EN FlexRay_0 0]
ALT2 ETCI[O0] eTimer_1 /0
ALT3 Al1] FlexPWM_0 0]
— EXT_IN CTU_O |
— EXT_SYNC| FlexPWM_0 |
Port D (16-bit)
DI[0] PCR[48] ALTO GPIO[48] SIUL I/0 Slow Symmetric| 86 | 125
ALTAH CA_TX FlexRay_0 0]
ALT2 ETC[1] eTimer_1 I/0
ALT3 B[1] FlexPWM_0 0]
D[1] PCR[49] ALTO GPIO[49] SIUL I/0 Slow Medium 3|3
ALTAH — — —
ALT2 ETC[2] eTimer_1 I/0
ALT3 EXT_TRG CTU_O 0]
— CA_RX FlexRay_0 |
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Table 3-3. Pin muxing (continued)

Pad speed® Pin No
Port _Pad . Alternate . . 3 . IIO_
in configuration function-2 Functions Peripheral direction .g_ %_
PIN | register (PCR) 4 SRC=0 | SRC=1 | & | ¢
2|2
D[2] PCR[50] ALTO GPIO[50] SIUL /0 Slow Medium | 97 | 140
ALTAH — — —
ALT2 ETC[3] eTimer_1 /0
ALT3 X[3] FlexPWM_0 /0
— CB_RX FlexRay_0 |
DI[3] PCR[51] ALTO GPIO[51] SIUL /0 Slow Symmetric | 89 | 128
ALTAH CB_TX FlexRay_0 O
ALT2 ETC[4] eTimer_1 /0
ALT3 A[3] FlexPWM_0 0]
D[4] PCR[52] ALTO GPIO[52] SIUL /0 Slow Symmetric | 90 | 129
ALTA1 CB_TR_EN FlexRay_0 0]
ALT2 ETC[5] eTimer_1 110
ALT3 B[3] FlexPWM_0 0]
DI[5] PCR[53] ALTO GPIO[53] SIUL /0 Slow Medium | 22 | 33
ALTAH CS3 DSPI_O O
ALT2 F[0] FCU_O o
ALT3 SOuUT DSPI_3 O
D[6] PCR[54] ALTO GPIO[54] SIUL /0 Slow Medium | 23 | 34
ALTAH Cs2 DSPI_0 O
ALT2 SCK DSPI_3 I/0
ALT3 — — —
— FAULT[1] FlexPWM_0 |
D[7] PCRI[55] ALTO GPIO[55] SIUL I/0 Slow Medium | 26 | 37
ALTAH CS3 DSPI_1 0]
ALT2 F[1] FCU_O O
ALT3 Cs4 DSPI_0O 0]
— SIN DSPI_3 |
D[8] PCR[56] ALTO GPIO[56] SIUL I/O Slow Medium | 21 | 32
ALTAH Cs2 DSPI_1 0]
ALT2 — — —
ALT3 CS5 DSPI_0O O
— FAULT[3] FlexPWM_0 |
DI[9] PCR[57] ALTO GPIO[57] SIUL /0 Slow Medium | 15 | 26
ALTAH X[0] FlexPWM_0 I/0
ALT2 TXD LIN_1 0]
ALT3 — — —
D[10 PCR[58] ALTO GPIO[58] SIUL I/0 Slow Medium | 53 | 76
] ALTAH A[0] FlexPWM_0 0]
ALT2 CSo DSPI_3 I/0
ALT3 — — —
D[11 PCR[59] ALTO GPIO[59] SIUL /0 Slow Medium | 54 | 78
] ALTAH B[0] FlexPWM_0 0]
ALT2 CS1 DSPI_3 0]
ALT3 SCK DSPI_3 I/0
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Table 3-3. Pin muxing (continued)

Pad speed® Pin No
Port _Pad . Alternate . . 3 . IIO_
in configuration function-2 Functions Peripheral direction .g_ %_
PIN | register (PCR) 4 SRC=0 | SRC=1 | & | ¢
2|2
D[12 PCR[60] ALTO GPIO[60] SIUL /0 Slow Medium | 70 | 99
] ALTAH X[1] FlexPWM_0 /0
ALT2 — — —
ALT3 — — —
— RXD LIN_1 |
D[13 PCR[61] ALTO GPIO[61] SIUL /0 Slow Medium | 67 | 95
] ALTA1 A[1] FlexPWM_0 0]
ALT2 Cs2 DSPI_3 0]
ALT3 SOuUT DSPI_3 O
D[14 PCR[62] ALTO GPIO[62] SIUL /0 Slow Medium | 73 | 105
] ALTA B[1] FlexPWM_0 0]
ALT2 CSs3 DSPI_3 0]
ALT3 — — —
— SIN DSPI_3 |
D[15 PCR[63] ALTO GPIO[63] SIUL Input only — — 41 | 58
] ALTAH — —
ALT2 — —
ALT3 — —
— AN[4] ADC_1
Port E(16-bit)
E[0] PCR[64] ALTO GPIO[64] SIUL Input only — — 46 | 68
ALTAH — —
ALT2 — —
ALT3 — —
— ANI5] ADC_1
E[1] PCR[65] ALTO GPIO[65] SIUL Input only — — 27 | 39
ALTA1 — —
ALT2 — —
ALT3 — —
— AN[4] ADC_0
E[2] PCR[66] ALTO GPIO[66] SIUL Input only — — 32 | 49
ALTAH — —
ALT2 — —
ALT3 — —
— ANI5] ADC_0
E[3] PCR[67] ALTO GPIO[67] SIUL Input only — — — | 40
ALTAH — —
ALT2 — —
ALT3 — —
— AN[6] ADC_0
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Table 3-3. Pin muxing (continued)

Pad speed® Pin No
Port _Pad . Alternate . . 3 . IIO_
pin configuration function-2 Functions Peripheral dlregtlon .g_ %_
register (PCR) SRC=0 | SRC=1 | & | &
o <
E[4] PCR[68] ALTO GPIO[68] SIUL Input only — — — | 42
ALTA — —
ALT2 — —
ALT3 — —
— AN[7] ADC_0
E[5] PCR[69] ALTO GPIO[69] SIUL Input only — — — | 44
ALT1 — —
ALT2 — —
ALT3 — —
— AN[8] ADC_0
E[6] PCR[70] ALTO GPIO[70] SIUL Input only — — — | 46
ALTA — —
ALT2 — —
ALT3 — —
— AN[9] ADC_0
E[7] PCR[71] ALTO GPIO[71] SIUL Input only — — — | 48
ALTA — —
ALT2 — —
ALT3 — —
— AN[10] ADC_0
E[8] PCR[72] ALTO GPIO[72] SIUL Input only — — — | 59
ALT1 — —
ALT2 — —
ALT3 — —
— AN[6] ADC_1
E[9] PCR[73] ALTO GPIO[73] SIUL Input only — — — | 61
ALTA — —
ALT2 — —
ALT3 — —
— AN[7] ADC_1
E[10 PCR[74] ALTO GPIO[74] SIUL Input only — — — | 63
] ALTA — —
ALT2 — —
ALT3 — —
— AN[8] ADC_1
E[11 PCR[75] ALTO GPIO[75] SIUL Input only — — — | 65
] ALTA — —
ALT2 — —
ALT3 — —
— AN[9] ADC_1
E[12 PCR[76] ALTO GPIO[76] SIUL Input only — — — | 67
] ALTA — —
ALT2 — —
ALT3 — —
— AN[10] ADC_1
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Table 3-3. Pin muxing (continued)

Pad speed® Pin No.
Port _Pad . Alternate . . 3 . IIO_
in configuration function-2 Functions Peripheral direction .g_ %_
PIN | register (PCR) 4 SRC=0 | SRC=1 | & | ¢
2|2
E[13 PCR[77] ALTO GPIO[77] SIUL I/0 Slow Medium | — |117
] ALTAH SCK DSPI_3 I/0
ALT2 — — —
ALT3 — — —
— EIRQ[25] SIUL |
E[14 PCR[78] ALTO GPIO[78] SIUL 1/0 Slow Medium | — | 119
] ALTAH SOuUT DSPI_3 0]
ALT2 — — —
ALT3 — — —
— EIRQ[26] SIUL |
E[15 PCR[79] ALTO GPIO[79] SIUL I/0 Slow Medium | — [121
] ALTA — — —
ALT2 — — —
ALT3 — — —
— SIN DSPIL_3 |
— EIRQ[27] SIUL
Port F (16-bit)
F[O] PCR[80] ALTO GPIO[80] SIUL /0 Slow Medium | — | 133
ALTAH DBGO FlexRay_0 0]
ALT2 CS3 DSPI_3 0]
ALT3 — — —
— EIRQ[28] SIUL |
F[1] PCR[81] ALTO GPIO[81] SIUL 1/0 Slow Medium | — |135
ALTH DBGH1 FlexRay_0 O
ALT2 Cs2 DSPI_3 0]
ALT3 — — —
— EIRQ[29] SIUL |
F[2] PCR[82] ALTO GPIO[82] SIUL I/0 Slow Medium | — [137
ALTAH DBG2 FlexRay_0 0]
ALT2 CSs1 DSPI_3 0]
ALT3 — — —
F[3] PCR[83] ALTO GPIO[83] SIUL I/0 Slow Medium | — | 139
ALTA DBGS3 FlexRay_0 0]
ALT2 CSo DSPI_3 I/0
ALT3 — — —
F[4] PCR[84] ALTO GPIO[84] SIUL I/0 Slow Fast — | 4
ALTH MDOQOI3] NEXUS_0 O
ALT2 — — —
ALT3 — — —
F[5] PCR[85] ALTO GPIO[85] SIUL I/0 Slow Fast — | 5
ALTAH MDOI2] NEXUS_0 0]
ALT2 — — —
ALT3 — — —
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Table 3-3. Pin muxing (continued)

Pad speed® Pin No
Port _Pad . Alternate . . 3 . IIO_
in configuration function-2 Functions Peripheral direction .g_ %_
PIN | register (PCR) 4 SRC=0 | SRC=1 | & | ¢
2|2
F[6] PCR[86] ALTO GPIO[86] SIUL I/0 Slow Fast — | 8
ALTA1 MDOI[1] NEXUS_0 O
ALT2 — — —
ALT3 — — —
F[7] PCR[87] ALTO GPIO[87] SIUL I/0 Slow Fast — | 19
ALTAH MCKO NEXUS_0 0]
ALT2 — — —
ALT3 — — —
F[8] PCR[88] ALTO GPIO[88] SIUL I/0 Slow Fast — |20
ALTAH MSEO1 NEXUS_0 o
ALT2 — — —
ALT3 — — —
F[9] PCR[89] ALTO GPIO[89] SIUL I/O Slow Fast — | 28
ALTH MSEQO NEXUS_0 (0]
ALT2 — — —
ALT3 — — —
F[10] PCR[90] ALTO GPIO[90] SIUL I/0 Slow Fast — | 24
ALTA1 EVTO NEXUS_0 (0]
ALT2 — — —
ALT3 — — —
F[11] PCR[91] ALTO GPIO[91] SIUL I/0 Slow Medium | — | 25
ALTA1 — — —
ALT2 — — —
ALT3 — — —
— EVTI NEXUS_0 |
F[12] PCR[92] ALTO GPIO[92] SIUL /0 Slow Medium | — [106
ALTA1 ETC[3] eTimer_1 /0
ALT2 — — —
ALT3 — — —
F[13] PCR[93] ALTO GPIO[92] SIUL /0 Slow Medium | — | 112
ALT1 ETC[4] eTimer_1 /0
ALT2 — — —
ALT3 — — —
F[14] PCRI[94] ALTO GPIO[94] SIUL I/0 Slow Medium | — [115
ALTA1 TXD LIN_1 0]
ALT2 — — —
ALT3 — — —
F[15] PCR[95] ALTO GPIO[95] SIUL IO Slow Medium | — [113
ALTH — — —
ALT2 — — —
ALT3 — — —
— RXD LIN_1 |
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Table 3-3. Pin muxing (continued)

Pad speed® Pin No
Port Pad Alternate Vo
in configuration function-2 Functions Peripheral3 direction £ | £
PIN | register (PCR) 4 SRC=0 | SRC=1 | & | &
° |3
Port G (12-bit)
GlO] PCRI[96] ALTO GPIO[96] SIUL I/0 Slow Medium | — | 38
ALTAH F[O] FCU_O O
ALT2 — — —
ALT3 — — —
— EIRQ[30] SIUL |
G[1] PCR[97] ALTO GPIO[97] SIUL 1/0 Slow Medium | — | 141
ALTAH F[1] FCU_O O
ALT2 — — —
ALT3 — — —
— EIRQ[31] SIUL |
G[2] PCRI[98] ALTO GPIO[98] SIUL /0 Slow Medium | — [102
ALTAH X[2] FlexPWM_0 I/0
ALT2 — — —
ALT3 — — —
G[3] PCRI[99] ALTO GPIO[99] SIUL I/0 Slow Medium | — | 104
ALTAH A2] FlexPWM_0 O
ALT2 — — —
ALT3 — — —
G[4] PCRI[100] ALTO GPIO[100] SIUL /0 Slow Medium | — [100
ALTAH B[2] FlexPWM_0 0]
ALT2 — — —
ALT3 — — —
G[5] PCR[101] ALTO GPIO[101] SIUL I/0 Slow Medium | — | 85
ALTAH X[3] FlexPWM_0 I/O
ALT2 — — —
ALT3 — — —
Gl6] PCR[102] ALTO GPIO[102] SIUL /0 Slow Medium | — | 98
ALTA A[3] FlexPWM_0 0]
ALT2 — — —
ALT3 — — —
G[7] PCR[103] ALTO GPIO[103] SIUL I/0 Slow Medium | — | 83
ALTAH B[3] FlexPWM_0 O
ALT2 — — —
ALT3 — — —
G[8] PCR[104] ALTO GPIO[104] SIUL I/0 Slow Medium | — | 81
ALTA — — —
ALT2 — — —
ALT3 — — —
— FAULT[O] FlexPWM_0 |
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Table 3-3. Pin muxing (continued)

Pad speed® Pin No
Port _Pad . Alternate . . 3 . IIO_
pin configuration function-2 Functions Peripheral dlregtlon .g_ %_
register (PCR) SRC=0 | SRC=1 | & | &
° |3
G[9] PCR[105] ALTO GPIO[105] SIUL I/0 Slow Medium | — | 79
ALTA — — —
ALT2 — — —
ALT3 — — —
— FAULT[1] FlexPWM_0 |
G[10 PCR[106] ALTO GPIO[106] SIUL I/0 Slow Medium | — | 77
] ALT1 — — —
ALT2 — — —
ALT3 — — —
— FAULT[2] FlexPWM_0 |
G[11 PCR[107] ALTO GPIO[107] SIUL /0 Slow Medium | — | 75
] ALTA — — —
ALT2 — — —
ALT3 — — —
— FAULT[3] FlexPWM_0 |

ALTO is the primary (default) function for each port after reset.

Alternate functions are chosen by setting the values of the PCR[PA] bitfields inside the SIU module.

PCRI[PA] = 00 — ALTO; PCR[PA] = 01 — ALT1; PCR[PA] = 10 —» ALT2; PCR[PA] = 11 — ALT3. This is intended to
select the output functions; to use one of the input-only 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 “—".

3 Module included on the MCU.

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

5 Programmable via the SRC (Slew Rate Control) bits in the respective Pad Configuration Register.
6 Weak pull down during reset.

3.4 CTU/ADCs/FlexPWM / eTimers connections
Figure 3-3 shows the interconnections between the CTU, ADCs, FlexPWM, and eTimers.
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External pins

FlexPWM CTU
External pins
] <«—{PWMAD Master reload PWM_REL TRIGGER_O Abco
] <—{PWMBO OUT_TRIGO_0 » PWM_ODD_0O  ADC_CMD_0
] <— PWMAT OUT_TRIGO_1 p PWM_ODD_1  NEXT_CMD_0 ¢
<«—{PWMB1 OUT_TRIGO_2 PWM_ODD_2 FIFO_O |« o
] <—{ PWMA2 OUT_TRIGO_3 » PWM_ODD_3 —(ipp_ind_injection_trg)
] <—{PWMB2 OUT_TRIG1_0 » PWM_EVEN_O ADCH
] <4—{PWMA3 OUT_TRIG1_1 PWM_EVEN_1  TRIGGER_1
<—{PWMB3 OUT_TRIG1_2 » PWM_EVEN_2  ADC_CMD_1
— OUT_TRIG1_3 » PWM_EVEN_3 NEXT_CMD_1|¢
> FAULTO PWMXO0 RPWM_0 FIFO_1|¢
> FAULTA PWMX1 » RPWM_1 ¥ (ipp_ind_injection_trg)
> FAULT2 PWMX2 == RPWM_2
[ —» FAULTS PWMX3 = RPWM_3 External pins
[ —»——EXT_SYNC EXT_FORCE |« EXT_INiH
EXT_TRG
cLocK — ETIMERO_TRG ~ ETMRO_IN |«
—t {ETIMER1_TRG ETMR1_IN |4
DSPI1 eTimer0 AA External pins
TO > ]
T #4 |
T2 >— |
Ly AUX_0 T3 > |
»| AUX_1 T4 > |
SCK AUX_2 T5 >=N
4 T
FlexRay eTimer1 A A External pins
TO >e— ]
T1 >=a
T2 #4 |
L p| AUX_0 T >
— AUX_1 Ta >
FR_CA_TX AUX_2 T5 > |
v —

Figure 3-3. CTU / ADCs / FlexPWM / eTimers connections

Table 3-4. CTU / ADCs / FlexPWM / eTimers connections

Source module
(Signal)

Target module
(Signal)

Comment

PWM (Master Reload)

CTU (PWM Reload)

From PWM sub-module 0

PWM (OUT_TRIGO0_0)

CTU (PWM_ODD_0)

OUT_TRIGO sub-module 0

PWM (OUT_TRIG1_0)

CTU (PWM_EVEN_0)

OUT_TRIG1 sub-module 0

PWM (PWMXO)

CTU (PWM_REAL_0)

PWM (OUT_TRIGO_1)

CTU (PWM_ODD_1)

OUT_TRIGO sub-module 1

PWM (OUT_TRIG1_1)

CTU (PWM_EVEN_1)

OUT_TRIG1 sub-module 1

MPC5604P Microcontroller Reference Manual, Rev. 6

68

Freescale Semiconductor




Table 3-4. CTU / ADCs / FlexPWM / eTimers connections (continued)

Source module
(Signal)

Target module
(Signal)

Comment

PWM (PWMX1)

CTU (PWM_REAL_1)

PWM (OUT_TRIGO_2)

CTU (PWM_ODD_2)

OUT_TRIGO sub-module 2

PWM (OUT_TRIG1_2)

CTU (PWM_EVEN_2)

OUT_TRIG1 sub-module 2

PWM (PWMX2)

CTU (PWM_REAL_2)

PWM (OUT_TRIGO_3)

CTU (PWM_ODD_3)

OUT_TRIGO sub-module 3

PWM (OUT_TRIG1_3)

CTU (PWM_EVEN_3)

OUT_TRIG1 sub-module 3

PWM (PWMX3) CTU (PWM_REAL_3) —
PWM (PWMAO) SIU lite —
PWM (PWMBO) SIU lite —
PWM (PWMX1) SIU lite —
PWM (PWMA1) SIU lite —
PWM (PWMB1) SIU lite —
PWM (PWMX2) SIU lite —
PWM (PWMA2) SIU lite —
PWM (PWMB2) SIU lite —
PWM (PWMX3) SIU lite —
PWM (PWMA3) SIU lite —
PWM (PWMB3) SIU lite —
PWM (PWMX3) SIU lite —
eTimer_0 (T1) PWM (EXT_FORCE) —
eTimer_0 (T2) CTU (ETMRO_IN) —

eTimer_0(T2)

eTimer_1(AUX_1)

eTimer_1(T1)

PWM(CLOCK)

eTimer_1(T2)

CTU(ETMR1_IN)

eTimer_1(T2)

eTimer_0(AUX_1)

eTimer_1(T5) eTimer_1(T5) A/D conversion injection request signal (for non CTU mode of
operation)

CTU (ETIMERO_TRG) |eTimer_0 (AUX_0) —

CTU(ETIMER1_TRG) |eTimer_1(AUX_0) —

CTU (TRIGGER_0) ADC_0 —

CTU (TRIGGER_1) ADC_1 —

CTU (ADC_CMD_0) |ADC_0 16-bit signal
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Table 3-4. CTU / ADCs / FlexPWM / eTimers connections (continued)

Source module

Target module

(Signal) (Signal) Comment
CTU (ADC_CMD_1) |ADC_1 16-bit signal
CTU (EXT_TGR) SIU lite —

ADC_0 (EOC) CTU (NEXT_CMD_0) |End Of Conversion should be used as next command request
signal

ADC_1 (EOC) CTU (NEXT_CMD_1) |End Of Conversion should be used as next command request
signal

ADC_0 CTU (FIFO_0) 18-bit signal

ADC_1 CTU (FIFO_1) 18-bit signal

SIU lite CTU (EXT_IN) The same GPIO pin as used for CTU (EXT_IN) and the PWM
(EXT_SYNC)

SIU lite PWM (EXT_SYNC) The same GPIO pin as used for CTU (EXT_IN) and the PWM
(EXT_SYNC)

SIU lite PWM (FAULTO) —

SIU lite PWM (FAULT1) —

SIU lite PWM (FAULT2) —

SIU lite PWM (FAULT3) —

DSPI_1 (SCK) eTimer_0 (AUX_2) —

FlexRAY(FR_CA_TX)

eTimer_1(AUX_2)
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Chapter 4 Clock Description

This chapter describes the clock architectural implementation for MPC5604P.

The following clock related modules are implemented on the MPC5604P:
» Clock, Reset, and Mode Handling
— Clock Generation Module (CGM) (see Chapter 5, “Clock Generation Module (CGM))
— Reset Generation Module (RGM) (see Chapter 8, “Reset Generation Module (RGM))
— Mode Entry Module (ME) (see Chapter 6, “Mode Entry Module (ME))
» High Frequency Oscillator (XOSC) (see Section 4.8, “XOSC external crystal oscillator)

» High Frequency RC Oscillator (IRC) (see Section 4.7, “IRC 16 MHz internal RC oscillator
(RC_CTL))

* FMPLL (FMPLL_0) (see Section 4.9, “Frequency Modulated Phase Locked Loop (FMPLL))
* FMPLL (FMPLL_1) (see Section 4.9, “Frequency Modulated Phase Locked Loop (FMPLL))
« CMU (CMU_0) (see Section 4.10, “Clock Monitor Unit (CMU))

« CMU (CMU _1) (see Section 4.10, “Clock Monitor Unit (CMU))

» Periodic Interrupt Timer (PIT) (see Chapter 31, “Periodic Interrupt Timer (PIT))

o System Timer Module (STM_0) (see Chapter 32, “System Timer Module (STM))

» Software Watchdog Timer (SWT_0) (see Section 28.3, “Software Watchdog Timer (SWT))

4.1 Clock architecture

The system and peripheral clocks are generated from four sources:
* IRC—internal RC oscillator clock
» XOSC—oscillator clock
 FMPLL_O clock output
 FMPLL_1 clock output
The clock architecture is shown in Figure 4-1, Figure 4-2, and Figure 4-3.

The frequencies shown in Figure 4-1 represent only one possible setting.
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NOTE: FlexRay protocol clock does not support IRC and OSC as a clock source.

Figure 4-1. MPC5604P system clock generation
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Figure 4-2. MPC5604P system clock distribution Part A
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Figure 4-3. MPC5604P system clock distribution Part B

4.2

This section describes the various clock domains available on MPC5604P.

Available clock domains

4.2.1

The input reference clock for both the FMPLL_0 and FMPLL_1 is always the external crystal oscillator
clock (XOSC).

FMPLL_n input reference clock
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4.2.2 Clock selectors

4.2.2.1 System clock selector 0 for SYS_CLK

The system clock selector 0 selects the clock source for the system clock (SYS_CLK) from clock signals:
* Internal RC oscillator clock (IRC)
» Progressive output clock of the first PLL (FMPLL_0)
» Progressive output clock of the second PLL (FMPLL_1)
» Directly from the oscillator clock (XOSC)

Its behavior is configured via software through ME_x_MC register of the ME module.

When the standard boot from internal flash is selected via the boot configuration pins, the clock source for
the system clock (SYS_CLK) after reset (DRUN mode) is the internal RC oscillator (IRC).

42.2.2 Auxiliary clock selector 0 for MC_PLL_CLK divider (Motor Control clock)

The auxiliary clock selector 0 provides the clock source for the MC_PLL divider. The MC_PLL divider
generates the clock to drive the Motor Control subsystem. The following clocks can be selected by the
auxiliary clock selector 0:

» Internal RC oscillator clock (IRC)

» Progressive output clock of the first PLL (FMPLL_0)

» Progressive output clock of the second PLL (FMPLL_1)
» Directly from the oscillator clock (XOSC)

Its behavior is configured via software through the CGM_ACJ[0]_SC register of the CGM module.

When the standard boot from internal flash is selected via the boot configuration pins, the auxiliary clock
divider 0 selects the IRC as the default clock after reset (DRUN mode).

4223 Auxiliary clock selector 1 for CMU_PLL divider (CMU_1 clock)

The auxiliary clock selector 1 provides the clock source for the CMU_PLL divider. The CMU_PLL
divider generates the clock to drive the CMU_1. Only the non-progressive output from FMPLL _1 can be
selected at auxiliary clock selector 1.

With the possibility of FMPLL_1 generating a clock frequency of 120 MHz, the CMU_PLL divider is
required to reduce the frequency of the clock at the CMU_1 to a frequency that is equal to or less than
64 MHz.

The auxiliary clock selector 1 is fed by the non-progressive output of FMPLL_1, CGM_AC[1]_SC
register of the CGM module.

The output of the clock selector feeds the CMU_PLL Divider, which is configured through
CGM_AC[1]_DCI0].

The user needs to select an appropriate divide ratio between the FMPLL_1 output and the
FMPLL_1 CLK_DIV clock to allow for proper operation of CMU_1.
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42.2.4 Auxiliary clock selector 2 for SP_PLL divider (Safety Port clock)

The auxiliary clock selector 2 provides the clock source for the SP_PLL Divider. The SP_PLL Divider
generates the clock to drive the Safety Port. The following clocks can be selected by the auxiliary clock
selector 2:

» Internal RC oscillator clock (IRC)

» Progressive output clock of the first PLL (FMPLL_0)

» Progressive output clock of the second PLL (FMPLL_1)
» Directly from the oscillator clock (XOSC).

Its behavior is configured through CGM_AC][2]_SC register of the CGM module.

When the standard boot from internal flash is selected via the boot configuration pins, the auxiliary clock
divider 2 selects the clock IRC as the default clock after reset (DRUN mode).

4.2.2.5 Auxiliary Clock Selector 3 for FR_PLL divider (FlexRay clock)

Software uses the clock output selector to select one of the following clock sources:
* Internal RC oscillator clock (IRC)
» Progressive output clock of the first PLL (FMPLL_0)
» Progressive output clock of the second PLL (FMPLL_1)
» Directly from the oscillator clock (XOSC)

The default clock source after reset is the IRC, but the default status is disabled.

The clock output can be enabled or disabled by software through the CGM module (CGM_OC_EN and
CGM_OCDS_SC registers).

4.2.3 Auxiliary clock dividers

Four auxiliary clock dividers are implemented to generate the MC_PLL_CLK, the FR_PLL_CLK, the
CMU_PLL clock and the SP_PLL_CLK. All four dividers support these divide options: + 1, + 2, + 3, + 4,
+5,+6,+7,+8,+9,+10,+ 11, + 12, + 13, + 14, +~ 15.

The clock dividers are configured by CGM_AC|[x]_DCJy] registers of the CGM module.

4.2.4 External clock divider

The output clock divider provides a nominal 50% duty cycle clock and allows the selected output clock
source to be divided with these divide options:

e +1,+2,+4,+8

4.3 Alternate module clock domains

This section lists the different clock domains for each module. If not otherwise noted, all modules on the
MPC5604P device are clocked on the SYS_CLK.
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4.3.1 FlexCAN clock domains

The FlexCAN modules have two distinct software controlled clock domains. One of the clock domains is
always derived from the system clock. This clock domain includes the message buffer logic. The source
for the second clock domain can be either the system clock (SYS_CLK) or a direct feed from the oscillator
pin XOSC_CLK. The logic in the second clock domain controls the CAN interface pins. The CLK_SRC
bit in the FlexCAN CTRL register selects between the system clock and the oscillator clock as the clock
source for the second domain. Selecting the oscillator as the clock source ensures very low jitter on the
CAN bus. System software can gate both clocks by writing to the MDIS bit in the FlexCAN MCR.
Figure 23-1 (FlexCAN block diagram) shows the two clock domains in the FlexCAN modules.

Refer to Chapter 23, “FlexCAN for more information on the FlexCAN modules.

4.3.2 FlexRay clock domains

The FlexRay block has two distinct clock domains. The first clock domain (Module Clock or CHI clock)
is always derived from the SYS_CLK clock.

The source for the second clock domain can either be the FR_PLL_CLK clock or the XOSC_CLK clock.
The logic in the second clock domain controls the FlexRay interface pins (Protocol Clock or PE clock).

4.3.3 SWT clock domains

The SWT module has two distinct clock domains. The first clock domain (Module Clock) is always
supplied from the SYS_CLK. This clock domain includes the register interface.

The source for the second clock domain (Protocol Clock) is always the IRC generated by the internal RC
oscillator.

4.3.4 Nexus Message Clock (MCKO)

The Nexus message clock (MCKO) divider can be programmed to divide the system clock by one, two,

four or eight based on the MCKO_DI1V bit field in the port configuration register (PCR) in the Nexus port
controller (NPC). The reset value of the MCKO_DIV selects an MCKO clock frequency one half of the

system clock frequency. The MCKO divider is configured by writing to the NPC through the JTAG port.
Refer to Chapter 37, “Nexus Development Interface (NDI) for more information.

4.3.5 Cross Triggering Unit (CTU) clock domains

The CTU module has two distinct clock domains. The first clock domain (Module Clock) is supplied from
the SYS_CLK. This clock domain includes the Command Buffer logic.

The source for the second clock domain (Protocol Clock) is the MC_PLL_CLK. The logic in the Protocol
Clock domain controls the CTU interface pins to the eTimer modules and the ADC modules.
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4.3.6 IPS bus clock sync bridge

The sync bridge module synchronizes all transactions on the PBRIDGE between peripherals clocked from
the MC_PLL_CLK and the CPU and eDMA, clocked from SYS_CLK.

For motor control applications, this bridge introduces an access delay of as many as five additional
SYS CLK cycles.

4.3.7 Peripherals behind the IPS bus clock sync bridge

4.3.71 FlexPWM clock domain

The FlexPWM module has only one clock domain. The FlexPWM module is clocked from the
MC_PLL_CLK. Therefore, it is placed behind the IPS bus clock sync bridge.

4.3.7.2 eTimer_0 clock domain

The eTimer_0 module has only one clock domain. The eTimer_0 module is clocked from the
MC_PLL_CLK. Therefore, it is placed behind the IPS bus clock sync bridge.

4.3.7.3 eTimer_1 clock domain

The eTimer_1 module has only one clock domain. The eTimer_1 module is clocked from the
MC_PLL_CLK. Therefore it is placed behind the IPS bus clock sync bridge.

4.3.7.4 ADC_0 clock domain

The ADC_0 module has only one clock domain. The ADC_0 module is clocked from the MC_PLL_CLK.
Therefore, it is placed behind the IPS bus clock sync bridge.

4.3.7.5 ADC _1 clock domain

The ADC_1 module has only one clock domain. The ADC_1 module is clocked from the MC_PLL_CLK.
Therefore it is placed behind the IPS bus clock sync bridge.

4.3.7.6 Safety Port clock domains

The Safety Port module has two distinct software-controlled clock domains. The first clock domain
(Module Clock) is always supplied from the SP_PLL_CLK. The source for the second clock domain
(Protocol Clock) can either be the SP_PLL_CLK or the XOSC_CLK.

The user must ensure that the frequency of the first clock domain (Module Clock) clocked from the
MC_PLL_CLK is always the same or greater than the clock selected for the second clock domain
(Protocol Clock).
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4.4 Clock behavior in STOP and HALT mode

In this section the term “resume” is used to describe the transition from STOP and HALT mode back to a
RUN mode.

The MPC5604P supports the STOP and the HALT modes. These two modes allow to put the device into
a power saving mode with the configuration options defined in the ME module.

The following constraints are applied on MPC5604P to guarantee that in all modes of operation a resume
from STOP or HALT mode is always possible without the need to reset:
e STOP and HALT mode:
— SIUL clock is not gateable
— SIUL filter for external interrupt capable pins is always clocked with IRC
— Resume via interrupt that can be generated by any peripheral that clock is not gated

— Resume via NMI pin is always possible if once enabled after reset (no software configuration
that could block resume afterwards)

e STOP mode:
— |IRC can NOT be switched off

— The System Clock Selector 0 is switched to the IRC and therefore the SYS_CLK is feed by the
IRC signal

— Resume via external interrupt pin is always possible (if not masked)
e  HALT mode:
— The output of the System Clock Selector 0 can only be switched to a running clock input
— Resume via external interrupt pin is always possible (if not masked) and IRC is not switched off

4.5 Software controlled power management/clock gating

Some of the IP modules on this device support software controlled power management/clock gating
whereby the application software can disable the non-memory-mapped portions of the modules by writing
to module disable (MDIS) bits in registers within the modules. The memory-mapped portions of the
modules are clocked by the system clock when they are being accessed. The NPC can be configured to
disable the MCKO signal when there are no Nexus messages pending.

The modules that implemented software controlled power management/clock gating are listed in Table 4-1
along with the registers and bits that disable each module. The software controlled clocks are enabled when
the MCU comes out of reset.

Table 4-1. Software controlled power management/clock gating support

Module name Register name Bit names

NPC NPC_PCR MCKO_EN, MCKO_GT!

' Refer to Chapter 37, “Nexus Development Interface (NDI).
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4.6 System clock functional safety

This section shows the MPC5604P modules used to detect clock failures:

» The Clock Monitoring Unit (CMU_0) monitors the clock frequency of the FMPLL _0 and the
XOSC signal against the IRC and provides clock out of range information about the monitored
clock signals.

* The Clock Monitoring Unit (CMU_1) monitors the clock frequency of the FMPLL _1 signal
against the IRC and provides clock out of range information about the monitored clock signal.

* Both PLLs (FMPLL_0 and FMPLL_1) provide a signal that indicates a loss of lock. Each loss of
lock signal is sent to the CGM module.

Upon the detection of one of the above mentioned failures, the MPC5604P device either asserts a reset,
generates an interrupt, or sends the device into the SAFE state.

The reaction to each of the clock failures and system parameters (like active clocks and SYS_CLK clock
source) that become active in SAFE state are under software control and can be configured in the ME
module.

4.7 IRC 16 MHz internal RC oscillator (RC_CTL)

The IRC output frequency can be trimmed using RCTRIM bits. After a power-on reset, the IRC 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 RC_CTL[RCTRIM], and this field shows a value of zero. Therefore, be
aware that the RC_CTL[RCTRIM] 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 RC_CTL,
because a RCTRIM value of zero may be unintentionally written back and this may alter the IRC
frequency. In this case, you should calibrate the IRC using the CMU.

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.

Address: OxC3FE_0060 Access: Supervisor read/write; User read-only
(Base + 0x0000)
0 1 2 3 4 5 6 7 8 9 10 11 ‘ 12 13 14 15
Rl O 0
RCTRIM[5:0]
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 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 4-4. RC Control register (RC_CTL)
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Table 4-2. RC_CTL field descriptions

Field Description

RCTRIM[5:0] |Main RC trimming bits

4.8 XOSC external crystal oscillator

The external crystal oscillator (XOSC) operates in the range of 4 MHz to 40 MHz. The XOSC digital
interface contains the control and status registers accessible for the external crystal oscillator.

Main features are:
» Oscillator clock available interrupt
» Oscillator bypass mode

4.8.1

The crystal oscillator circuit includes an internal oscillator driver and an external crystal circuitry. The
XOSC provides an output clock to the PLL or it is used as a reference clock to specific modules depending
on system needs.

Functional description

The crystal oscillator can be controlled by the ME:

» Control by ME module. The OSCON bit of the ME_xxx_MCRs controls the powerdown of
oscillator based on the current device mode while S_OSC of ME_GS register provides the
oscillator clock available status.

After system reset, the oscillator is put to power down state and software has to switch on when required.
Whenever the crystal oscillator is switched on from off state, OSCCNT counter starts and when it reaches
the value EOCV[7:0] x 512, oscillator clock is made available to the system. Also an interrupt pending bit
I_OSC of OSC_CTL register is set. An interrupt will be generated if the interrupt mask bit M_OSC is set.

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

Table 4-3 shows the truth table of different configurations of oscillator.
Table 4-3. Crystal oscillator truth table

ENABLE BYP XTALIN EXTAL CK_OSCM XOSC Mode
0 0 No crystal, No crystal, 0 Power down, IDDQ
High Z High Z
X 1 X Ext clock EXTAL Bypass, XOSC disabled
1 0 Crystal Crystal EXTAL Normal, XOSC enabled

MPC5604P Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor

83



4.8.2

Register description

Table 4-4. OSC_CTL memory map

Offset from
OSC_CTL_BASE Register Location
(0xC3FE_0000)

0x0000 OSC_CTL—Oscillator control register on page 84

0x0004—0x005F Reserved

Address: 0OxC3FE_0000 Access: Supervisor read/write; User read-only
(Base + 0x0000)
1 2 3 4 5 6 7 8 9 10 11 ’ 12 13 14 15
Rlosc| O 0 0 0 0 )
W BYP EOCVI[7:0]
Reset 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 M_ 0 0 0 0 0 0 0 OIS_C 0 0 0 0 0 0 0
0SsC
w wic
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-5. Crystal Oscillator Control register (OSC_CTL)
Table 4-5. OSC_CTL field descriptions
Field Description
OSCBYP | Crystal Oscillator bypass
This bit specifies whether the oscillator should be bypassed or not. Software can only set this bit.
System reset is needed to reset this bit.
0: Oscillator output is used as root clock.
1: EXTAL is used as root clock.
EOCV[7:0] | 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. 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[7:0]*512, oscillator available interrupt request is generated.
The reset value of this field depends on the device specification. 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 masked
1: Crystal oscillator clock interrupt enabled
I_OSC | Crystal oscillator clock interrupt
This bit is set by hardware when OSCCNT counter reaches the count value EOCV[7:0]*512. It is
cleared by software by writing 1.
0: No oscillator clock interrupt occurred
1: Oscillator clock interrupt pending
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4.9 Frequency Modulated Phase Locked Loop (FMPLL)

4.9.1 Introduction

This section describes the features and functions of the two independent FMPLL modules implemented in
MPC5604P.

4.9.2 Overview

The FMPLLSs enable the generation of high speed system clocks from a common 4-40 MHz input clock.
Further, the FMPLLs support programmable frequency modulation of the system clock. The PLL
multiplication factor and output clock divider ratio are all software configurable.

MPC5604P has two PLLs so that one can be used as the system clock and take advantage of the FM
modulation, while the other one can be used for motor control peripherals.

The FMPLL block diagram is shown in Figure 4-6.

Output
> Division
» IDF > on z:oaclstg;
arge >
X0s¢ | »| BUFFER »| Pump » VCO CRI[ODF] PHI
Low Pass E—
Filter
» DIV2 ! A
» DIV4 >
Loop
Division |<€————

Factor
(LDF)
CRINDIV]

Figure 4-6. FMPLL block diagram

4.9.3 Features

The FMPLL has the following major features:
* Input clock frequency 4-40 MHz
» \oltage controlled oscillator (VCO) range from 256 MHz to 512 MHz

» Reduced frequency divider (RFD) for reduced frequency operation without forcing the FMPLL to
relock

* Frequency modulated PLL

— Modulation enabled/disabled through software

— Triangle wave modulation
» Programmable modulation depth

— +0.25% to £4% deviation from center spread frequency

— —0.5% to +8% deviation from down spread frequency

— Programmable modulation frequency dependent on reference frequency
o Self-clocked mode (SCM) operation
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* 4 available modes
— Normal mode

— Progressive clock switching
— Normal Mode with SSCG

— Powerdown mode

4.9.4 Memory map

Table 4-6 shows the memory map locations. Addresses are given as offsets of the module base address.

Table 4-6. FMPLL memory map

Offset from
ME_CGM_BASE!

FMPLL_0: OXC3FE_00A0 Register Location
FMPLL_1: 0xC3FE_00CO
0x0000 CR—Control Register on page 86
0x0004 MR—Modulation register on page 88

0x0004—-0x001F

Reserved

T FMPLL_x are mapped through the ME_CGM Register Slot

4.9.5 Register description

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

4.9.5.1 Control Register (CR)

Address: Base + 0x0000

3‘4 5 6 7 8

Access: Supervisor read/write
User read-only

0 1 2 9 10 11 ‘ 12 13 14 15
R 0
W IDF[3:0] ODF[1:0] NDIV[6:0]
Reset 0 0 0 O \ 0 1 0 1 0 1 0 0 \ 0o 0 0 ©0
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
R unlock . | pll_fai
0 0 0 0 0 0 0 en_pll 0 _once 0 i_lock | s_lock p||_fa|| I_flag 1
_Sw _mask
w wic wic
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Figure 4-7. Control Register (CR)
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Table 4-7. CR field descriptions

Field

Description

IDF[3:0]

Input Division Factor
The value of this field sets the PLL input division factor.
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

ODF[1:0]

Output Division Factor

The value of this field sets the PLL output division factor.
00: Divide by 2

01: Divide by 4

10: Divide by 8

11: Divide by 16

NDIV[6:0]

Loop Division Factor

The value of this field sets the PLL loop division factor.
0000000-0011111: Reserved

0100000: Divide by 32

0100001: Divide by 33

0100010: Divide by 34

1011111: Divide by 95
1100000: Divide by 96
1100001-1111111: Reserved

en_pll_sw

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.

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

0: Progressive clock switching disabled

1: Progressive clock switching enabled

unlock_once

This bit is a sticky indication of PLL loss of lock condition. Unlock_once is set when the PLL loses
lock. Whenever the PLL reacquires lock, unlock_once remains set. unlock_once is cleared after a
POR event.

i_lock

This bit is set by hardware whenever there is a lock/unlock event.lt is cleared by software, writing 1.

s_lock

This bit indicates whether the PLL has acquired lock.
0: PLL unlocked
1: PLL locked
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Table 4-7. CR field descriptions (continued)

Field Description

pll_fail_mask | This bit masks 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 PLL is
switched on. It is cleared by software, writing 1.

4.9.5.2 Modulation Register (MR)

Address: Base + 0x0004 Access: Supervisor read/write
User read-only

0 1 2 3‘4 5 6 7‘8 9 10 11‘12 13 14 15

R|STRB| 0
w |-BYPA SPRD MOD_PERIOD
sS _SEL

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 FM_
w!| EN

Reset 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0 0 0 0 0
Figure 4-8. Modulation Register (MR)

INC_STEP

Table 4-8. MR field descriptions

Field Description

STRB_BYPASS | Strobe bypass

The STRB_BYPASS signal bypasses the STRB signal used inside the PLL to latch the correct

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

0: STRB latches the PLL modulation control bits.

1: STRB is bypassed. In this case, the control bits need to be static. The control bits must be
changed only when PLL is in power down mode.

SPRD_SEL |Spread type selection

The SPRD_SEL bit selects 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= Ixf

where:
fref: represents the frequency of the feedback divider
fmod: represents the modulation frequency
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Table 4-8. MR field descriptions (continued)

Field Description

FM_EN Frequency modulation enable

The FM_EN bit enables the frequency modulation.
0: Frequency Modulation disabled

1: Frequency Modulation enabled

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

(2% _1) x md x MDF )
100 x 5 x MODPERIOD

incstep = round(

where:

md: represents the peak modulation depth in percentage

(Center spread — pk-pk = +md, Downspread — pk-pk = —2 x md)

MDF: represents the nominal value of loop divider (NDIV in PLL Control Register).

4.9.6 Functional description

4.9.6.1 Normal mode

In Normal mode, the PLL inputs are driven by the Control Register (CR). This means that when the PLL
is locked, the PLL output clock (PHI) is derived from the reference clock (XOSC) through this
relationship:

Eqn. 4-1

xosc - Idf

Phi= o ot

where the value of idf (Input Division Factor), Idf (Loop Division Factor), and odf (Output Division Factor)
are set in the CR as shown in Table 4-7. idf and odf are specified in the IDF and ODF bitfields, respectively;
Idf is specified in the NDIV bitfield.

4.9.6.2 Progressive clock switching

Progressive clock switching allows to switch system clock to PLL 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 bit en_pll_sw in the CR. Then, when the PLL is selected as
the system clock, the output clock progressively increases its frequency as shown in Table 4-9.

Table 4-9. Progressive clock switching on pll_select rising edge

Number of PLL output clock cycles ck_pll_div frequency (PLL output frequency)
8 (ck_pll_out frequency) +~ 8
16 (ck_pll_out frequency) + 4
32 (ck_pll_out frequency) + 2
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Table 4-9. Progressive clock switching on pll_select rising edge (continued)

Number of PLL output clock cycles ck_pli_div frequency (PLL output frequency)

onward (ck_pll_out frequency)

Division factors

ck_pll_out ————» of 8.4, 2, or 1

—— ck_pll_div

Figure 4-9. Progressive clock switching scheme

4.9.6.3 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.

Frequency modulation is activated as follows:
1. Configure the FM modulation characteristics: MOD_PERIOD, INC_STEP.
2. Enable the FM modulation by programming bit SSCG_EN of the MR to ‘1’. FM modulated mode
can be enabled only when PLL 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 PLL only when the strobe signal
goes high. The strobe signal is automatically generated in the FMPLL when the modulation is enabled
(SSCG_EN goes high) if the PLL is locked (s_lock = 1) or when the modulation has been enabled
(SSCG_EN =1) and PLL enters in lock state (s_lock goes high).

If STRB_BYPASS is high, the strobe signal is bypassed. In this case, control bits (MOD_PERIODJ[12:0],
INC_STEP[14:0], SPREAD_CONTROL) must be changed only when the PLL is in power down mode.

The modulation depth in % is

ModulationDepth = (100 x 5 x INCSTEPXMODPERIOD)

(2" ~1)x MDF
NOTE

The user must ensure that the product of INCSTEP and MODPERIOD is
less than (2%° - 1).
The following values show the input setting for one possible configuration of the PLL:
* PLL input frequency: 4 MHz
» Loop divider (LDF): 64
e Input divider (IDF): 1
* VCO frequency = 4 MHz x 64 = 256 MHz

Eqgn. 4-2

MPC5604P Microcontroller Reference Manual, Rev. 6

920 Freescale Semiconductor



e PLL output frequency = 256 MHz/ODF

» Spread: Center spread (SPREAD_CONTROL = 0)
* Modulation frequency = 24 kHz

» Modulation depth = £2.0% (4% pk-pk)

Using the formulae for MODPERIOD and INCSTEP:

MODPERIOD = Round [(4e06) / (4 x 24e03)] = Round [41.66] = 42 Egn. 4-3
INCSTEP = Round [((2'° - 1) x 2 x 64) / (100 x 5 x 42)] = Round [199.722] = 200 Egn. 4-4
MODPERIOD x INCSTEP = 42 x 200 = 8400 (which is less than 2'%) Egn. 4-5
md(quantized)% = ((42*200*100*5) / ((2"15-1)*64) = 2.00278% (peak) Egn. 4-6
Error in modulation depth = 2.00278 - 2.0 = 0.00278% Eqn. 4-7

If we choose MODPERIOD =41,

INCSTEP = Round [((2"° — 1) x 2 x 64) / (100 x 5 x 41)] = Round [204.878] = 205 Eqn. 4-8
MODPERIOD x INCSTEP = 41 x 205 = 8405 (which is less than 2'%) Eqn. 4-9
md(quantized)% = ((41 x 205 x 100 x 5) / ((2'° - 1) x 64) = 2.00397% (peak) Eqn. 4-10
Error in modulation depth = 2.00397 — 2.0 = 0.00397% Eqn. 4-11

The above calculations show that the quantization error in the modulation depth depends on the flooring
and rounding of MODPERIOD and INCSTEP. For this reason, the MODPERIOD and INCSTEP should
be judiciously rounded/floored to minimize the quantization error in the modulation depth.

Frequency

FO

FO

Down Spread

i I
Tmod 2Tmod

Figure 4-10. Frequency modulation depth spreads
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4.9.6.4 Powerdown mode

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

4.9.7 Recommendations

To avoid any unpredictable behavior of the PLL clock, it is recommended to follow these guidelines:
* The PLL 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.

» The user must change the multiplication, division factors only when the PLL output clock is not
selected as system clock. MOD_PERIOD, INC_STEP, SPREAD_SEL bits should be modified
before activating the FM modulated 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 PLL is in power down mode.

» Use progressive clock switching.

4.10 Clock Monitor Unit (CMU)

4.10.1 Overview

The Clock Monitor Unit (CMU) serves three purposes:
* PLL clock monitoring: detects if PLL leaves an upper or lower frequency boundary
e XOSC clock monitoring: monitor the XOSC clock, which must be greater than the IRCOSC clock
divided by a division factor given by CMU_CSR[RCDIV]

» Frequency meter: measure the frequency of the IRCOSC clock versus the reference XOSC clock
frequency

When mismatch occurs in the CMU either with the PLL monitor or the XOSC monitor, the CMU notifies
the RGM, ME and the FCU (Fault Collection Unit) modules. The default behavior is such that a reset
occurs and a status bit is set in the RGM. The user also has the option to change the behavior of the action
by disabling the reset and selecting an alternate action. The alternate action can be either entering safe
mode or generating an interrupt.

Since the MPC5604P device has two PLLs, two CMU subunits are implemented. CMU_1 monitors only
the FMPLL_1 output (see Table 4-10 and Figure 4-11).

Table 4-10. CMU module summary

Module Monitored clocks

CMU_O * XOSC integrity supervisor
e FMPLL_O integrity supervisor
¢ IRCOSC frequency meter

CMU_A1 FMPLL_1 integrity supervisor
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4.10.2

‘XOSC valid (on AND stable) / off

CMU_0 - Clock
__FMPLL_0 valid (on AND locked) / off Control
IRC_CLK Logic
16 MHz CK 0 (reference)
A
XOSC_CLK Loss of crystal
710 40 Mz CK XOSsC OLR
FMPLL_0 K PLL FMPLL_O freq.
64 MHz c FLL out of range
Y Y
FCU -
CMU_1
FMPLL_1 valid (on AND locked) / off
IRC_CLK
16 MAz CK 0 (reference)

FMPLL 1 [~
120 MHz ‘

CK PLL
FLL

FMPLL_1 freq.

out of range

Figure 4-11. MPC5604P with two CMUs

Main features

RC oscillator frequency measurement
External oscillator clock monitoring with respect to CK_IRC/n clock
PLL clock frequency monitoring with respect to CK_IRC/4 clock

Event generation for various failures detected inside monitoring unit

4.10.3 Functional description

The clock and frequency names referenced in this block are defined as follows:

CK_XOSC: clock coming from the external crystal oscillator
CK_IRC: clock coming from the low frequency internal RC oscillator
CK_PLL: clock coming from the PLL!
fyosc: frequency of external crystal oscillator clock
frc: frequency of low frequency internal RC oscillator
fpLL: frequency of FMPLL clock

1. CMU_O refers to FMPLL_0 and CMU_1 refers to FMPLL_1.
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4.10.3.1 Crystal clock monitor’
If fyosc 1S smaller than frc divided by 2R¢PWV bits of CMU_0_CSR and the CK_XOSC is ‘ON’ and stable
as signaled by the ME, then:

* Anevent pending bit OLRI in CMU_0_ISR is set

» Afailure event OLR is signaled to the RGM and FCU, which in turn can generate either an
interrupt, a reset, or a SAFE mode request.

4.10.3.2 PLL clock monitor

The PLL clock CK_PLL frequency can be monitored by programming bit CME_n of the CMU_n_CSR to
‘1’. The CK_PLL monitor starts as soon as bit CME_n is set. This monitor can be disabled at any time by
writing bit CME_n to “0’.

If the CK_PLL frequency (fp, | ) is greater than a reference value determined by bits HFREF[11:0] of the
CMU_HFREFR and the CK_PLL is “ON’ and the PLL locked as signaled by the ME then:
* Anevent pending bit FHHI_n in the CMU_n_ISR is set.
» Afailure event FHH is signaled to the RGM and FCU, which in turn can generate either an
interrupt, a reset, or a SAFE mode request.
If fp . is less than a reference clock frequency (frc/4) and the CK_PLL is ‘ON’ and the PLL locked as
signaled by the ME, then:
* Anevent pending bit FLCI_n in the CMU_n_ISR is set.
» Afailure event FLC is signaled to the RGM and FCU, which in turn can generate either an
interrupt, a reset, or a SAFE mode request.
If fo, | is less than a reference value determined by bits LFREF[11:0] of the CMU_LFREFR and the
CK_PLL is “ON’ and the PLL locked as signaled by the ME, then:
* Anevent pending bit FLLI_n in the CMU_n_ISR is set.
o Afailure event FLL is signaled to the RGM and FCU, which in turn can generate either an
interrupt, a reset, or a SAFE mode request.
NOTE
It is possible for either the XOSC or PLL monitors to produce a false event

when the XOSC or PLL frequency is too close to RC/2RCPV frequency due
to an accuracy limitation of the compare circuitry.
4.10.3.3 System clock monitor

The system clock is monitored by CMU_1. The Fgyg ¢ k frequency can be monitored by programming
CMU_1 CSR[CME] =1.SYS_CLK monitoring starts as soon as CMU_1_CSR[CME] = 1. This
monitor can be disabled at any time by writing CME bit to 0.

If Fsys cLk 1S greater than a reference value determined by the CMU_1_HFREFR_A[HFREF_A] bits and
the system clock is enabled, then:

1. Enabled only in CMU_O0.
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¢ CMU_1 ISR[FHHI] is set
o Afailure event is signaled to the MC_RGM and FCU, which in turn can generate a ‘functional’
reset, a SAFE mode request, or an interrupt
If Fsys cLk IS less than a reference clock frequency (Fircosc cLk+4) and the system clock is enabled,
then: -
¢ CMU_1 ISR[FLCI] is set
» Afailure event FLC is signaled to the MC_RGM and Fault Collection Unit, which in turn can
generate a ‘functional’ reset, a SAFE mode request, or an interrupt
If Fsys cLk IS less than a reference value determined by the CMU_1_LFREFR_A[LFREF_A] bits and
the system clock is enabled, then:
e« CMU_1 ISR[FLLI] is set
o Afailure event is signaled to the MC_RGM and FCU, which in turn can generate a ‘functional’
reset, a SAFE mode request, or an interrupt
NOTE

The system clock monitor may roduce a false event when Fgyg ¢ k 1S 1€ss
than 2xFircosc._cLi/2SMY--“SRIREPIV que to an accuracy limitation of
the compare circuitry.

410.3.4 Frequency meter

The frequency meter calibrates the internal RC oscillator (CK_IRC) using a known frequency. The
frequency meter is implemented only on CMU_0.

NOTE

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

The reference clock will be always the XOSC. A simple frequency meter returns a draft value of CK_IRC.
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 IRC clock cycles 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 frc can be derived from the value loaded in the CMU_FDR as follows:

ch = (fosc X MD) In Eqn. 4-12
where n is the value in the CMU_FDR and MD is the value in the CMU_MDR.

4.10.4 Memory map and register description
Table 4-11 shows the memory map of the CMU.
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Table 4-11. CMU memory map

Offset from
CMU_BASE Register Location
(0xC3FE_0100)

0x0000 Control Status Register (CMU_0_CSR) on page 96

0x0004 Frequency Display Register (CMU_0_FDR) on page 97

0x0008 High Frequency Reference Register FMPLL_O on page 98
(CMU_O_HFREFR_A)

0x000C Low Frequency Reference Register FMPLL_0O on page 98
(CMU_O_LFREFR_A)

0x0010 Interrupt Status Register (CMU_O_ISR) on page 99

0x0014 Reserved

0x0018 Measurement Duration Register (CMU_0_MDR) on page 100

0x001C Reserved

0x0020 Control Status Register (CMU_1_CSR) on page 96

0x0024 Reserved

0x0028 High Frequency Reference Register FMPLL_1 on page 98
(CMU_1_HFREFR_A)

0x002C Low Frequency Reference Register FMPLL_1 on page 98
(CMU_1_LFREFR_A)

0x0030 Interrupt Status Register (CMU_1_ISR) on page 99

0x0034—-0x026F | Reserved

4.10.4.1 Control Status Register (CMU_0_CSR)

Address: Base + 0x0000 Access: User read/write
0 1 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
W SFM

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

Rro[oJololo]oJo[]o[]o]J]o]o]o]o
W Rcoiv1:0] | CME

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-12. Control Status Register (CMU_0_CSR)

Table 4-12. CMU_0_CSR field descriptions

Field Description
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Table 4-12. CMU_0_CSR field descriptions (continued)

SFM

Start frequency measure

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

0: Frequency measurement completed or not yet started

1: Frequency measurement not completed

RCDIV[1:0]

RC clock division factor

These bits specify the RC clock division factor. The output clock is CK_IRC divided by the factor 2RCPIV,
This output clock is compared with CK_XOSC 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

CME_O

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

4.10.4.2 Frequency Display Register (CMU_0_FDR)

Address: Base + 0x0004 Access: User read-only
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 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]
wle [ [ [ [ ] [ [ | [ [ |
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-13. Frequency Display Register (CMU_0_FDR)
Table 4-13. CMU_0_FDR field descriptions
Field Description
FD[19:0] |Measured frequency bits

This register displays the measured frequency frc with respect to fogc. The measured value is given
by the following formula: fgc = (fogc X MD) / n, where n is the value in CMU_O_FDR.
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4.10.4.3 High Frequency Reference Register FMPLL_0 (CMU_0_HFREFR_A)

Address: Base + 0x0008

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl ol o] o] o] o ol ool o] o] o
W
Rest 0 0O 0 0,0 O O O|/O0 O O0O O/ 0 O O0 o0
16 17 18 19 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
Rl o] o] o] o
HFREF_A[11:0]
W
Reset 0 0 0 0 1 1 1 1 \ 1 1 1 1 \ 1 1 1 1

Figure 4-14. High Frequency Reference register FMPLL_0 (CMU_0_HFREFR_A)

Table 4-14. CMU_0_HFREFR_A field descriptions

Field

Description

HFREF_A

High Frequency reference value
These bits determine the high reference value for the FMPLL_O clock. The reference value is given by:
(HFREF_A[11:0]/16) x (frc/4)-

4.10.4.4 Low Frequency Reference Register FMPLL_0 (CMU_O0_LFREFR_A)

Address: Base + 0x000C

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Rl o] o] o] o] o ol ool of]o]o
W
Resst 0 O O O0|0 O O OO O O O|O0 0 o0 O
16 17 18 19 20 21 22 23 ’ 24 25 26 27 ’ 28 29 30 31
Rl o] o] o]l o
LFREF_A[11:0]
W
Reset 0 0 0 0 0 0 0 0 \ 0 0 0 0 \ 0 0 0 0

Figure 4-15. Low Frequency Reference Register FMPLL_0 (CMU_O_LFREFR_A)

Table 4-15. CMU_O_LFREFR_A fields descriptions

Field

Description

LFREF_A

Low Frequency reference value
These bits determine the low reference value for the FMPLL_O. The reference value is given by:
(LFREF_A[11:0)/16) * (frc/4).
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4.10.4.5 Interrupt Status Register (CMU_0_ISR)
Address: Base + 0x0010 Access: User 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 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 FLCI | FHHI| FLLI OLRI
0| 0] O
w wic | wic | wic | wic
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-16. Interrupt Status Register (CMU_0_ISR)
Table 4-16. CMU_O_ISR field descriptions
Field Description
FLCI_O0 |FMPLL_O Clock frequency less than reference clock interrupt
This bit is set by hardware when CK_FMPLL_O0 frequency becomes lower than reference clock
frequency (frc/4) value and CK_FMPLL_0 is ‘ON’ and the PLL locked as signaled by the ME. It can be
cleared by software by writing 1.
0: No FLC event
1: FLC event pending
FHHI_O0 | FMPLL_O Clock frequency higher than high reference interrupt
This bit is set by hardware when CK_FMPLL_ 0 frequency becomes higher than HFREF_A value and
CK_FMPLL_O0 is ‘ON’ and the PLL locked as signaled by the ME. It can be cleared by software by
writing 1.
0: No FHH event
1: FHH event pending
FLLI_O |FMPLL_O Clock frequency less than low reference event
This bit is set by hardware when CK_FMPLL_0 frequency becomes lower than LFREF_A value and
CK_FMPLL_0 is ‘ON’ and the PLL locked as signaled by the ME. It can be cleared by software by
writing 1.
0: No FLL event
1: FLL event pending
OLRI Oscillator frequency less than RC frequency event
This bit is set by hardware when the frequency of CK_XOSC is less than CK_IRC/2RCPV frequency and
CK_XOSC is ‘ON’ and stable as signaled by the ME. It can be cleared by software by writing 1.
0: No OLR event
1: OLR event pending
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4.10.4.6 Measurement Duration Register (CMU_0_MDR)

Address: Base + 0x0018 Access: User read/write
0 1 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
W MD[19:16]

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
W
Resetoooo\oooo\oooo\oooo

Figure 4-17. Measurement Duration Register (CMU_0_MDR)

MD[15:0]

Table 4-17. CMU_0_MDR field descriptions

Field Description

MD[19:0] | Measurement duration bits
This register displays the measured duration in term of IRC clock cycles. This value is loaded in the
frequency meter downcounter. When SFM bit is set to ‘1’, downcounter starts counting.

4.10.4.7 Control Status Register (CMU_1_CSR)

Address: Base + 0x0020 Access: User read/write

w
~
o
o
~
®
©

0 1 2 10 11 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

Rl O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 |CME
w 1
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 4-18. Control Status Register (CMU_1_CSR)

Table 4-18. CMU_1_CSR field descriptions

Field Description

CME_1 FMPLL_1 clock monitor enable
0 FMPLL_1 monitor disabled
1 FMPLL_1 monitor enabled
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4.10.4.8 High Frequency Reference Register FMPLL_1 (CMU_1_HFREFR_A)

Address: Base + 0x0028 Access: User 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 0 0
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R| O 0 0 0
w
Reset 0 0 0 0 0 0 0 0 ‘ 0 0 0 0 0 0 0 0

Figure 4-19. High Frequency Reference Register FMPLL_1 (CMU_1_HFREFR_A)

HFREF_A[11:0]

Table 4-19. CMU_1_HFREFR_A field descriptions

Field Description

HFREF_A[11:0] |High Frequency reference value
These bits determine the high reference value for the FMPLL_1 clock. The reference value is
given by: (HFREF_A[11:0)/16) x (Frc/4).

4.10.4.9 Low Frequency Reference Register FMPLL_1 (CMU_1_LFREFR_A)

Address: Base + 0x002C Access: User 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 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

w
Reset 0 0 0 0 0 0 0 0 ‘ 0 0 0 0 0 0 0 0

Figure 4-20. Low Frequency Reference Register FMPLL_1 (CMU_1_LFREFR_A)

LFREF_A[11:0]

Table 4-20. CMU_1_LFREFR_A field descriptions

Field Description

LFREF_A[11:0] |Low Frequency reference value
These bits determine the low reference value for the FMPLL_1 clock. The reference value is
given by: (LFREF_A[11:0]/16) x (frc/4).
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4.10.4.10 Interrupt Status Register (CMU_1_ISR)

Address Base + 0x0030 Access: User read/write
0 1 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
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 FL1C| FH1HI FL1LI 0
W wic | wic | wic

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 4-21. Interrupt Status register (CMU_1_ISR)

Table 4-21. CMU_1_ISR field descriptions

Field Description

FLCI_1 FMPLL_1 clock frequency less than reference clock event. This bit is set by hardware when the
FMPLL_1 clock frequency is lower than the reference clock frequency (FRC/4) value and FMPLL_1
is ‘ON’ and the PLL locked as signaled by the ME. It can be cleared by software by writing 1.

0 No FLC event.

1 FLC event is pending.

FHHI_1 FMPLL_1 clock frequency higher than high reference event. This bit is set by hardware when the
CK_FMPLL_1 frequency is higher than the HFREF_A value and CK_FMPLL_1 is ‘ON’ and the PLL
locked as signaled by the ME. It can be cleared by software by writing 1.

0 No FHH event.

1 FHH event is pending.

FLLI_1 FMPLL_1 clock frequency less than low reference event. This bit is set by hardware when the
CK_FMPLL_1 frequency becomes lower than LFREF_A value and CK_FMPLL_1 is ‘ON’ and the PLL
locked as signaled by the ME. It can be cleared by software by writing 1.

0 No FLL event.

1 FLL event is pending.
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Chapter 5 Clock Generation Module (CGM)

5.1 Introduction

The clock generation module (CGM) generates reference clocks for all other modules on the device. The
mode entry module (ME ) controls the system clock selection (see Section 6.1, “Introduction, for more
details). Peripheral clock selection is controlled by CGM control registers. A set of CGM registers controls
the clock dividers that are utilized for divided system and peripheral clock generation. The memory spaces
of system and peripheral clock sources with addressable memory spaces are accessed through the CGM
memory space. The CGM also selects and generates an output clock.

Figure 5-1 shows the CGM block diagram.

IRC > CGM
- > ME
Registers
XOSC >
Platform Interface
- RGM
FMPLL_0 > System Clock
Multiplexer
» peripherals
FMPLL_1 »

Auxiliary Clock
Selector/Divider —{X] PAD[22]

> core

Output Clock
Selector/Divider

»| Mapped
peripherals

A
i

Mapped Modules Interface

Figure 5-1. CGM block diagram
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5.1.1

Features

The CGM includes the following features:
Generates system and peripheral clocks
Selects and enables/disables the system clock supply from system clock sources according to ME

control

Contains a set of registers to control clock dividers for divided clock generation
Contains a set of registers to control peripheral clock selection
Supports multiple clock sources and maps their address spaces to its memory map
Generates an output clock
Guarantees glitch-less clock transitions when changing the system clock selection
Supports 8, 16, and 32-bit wide read/write accesses

5.1.2 Modes of operation

This section describes the basic functional modes of the CGM.

5.1.2.1

Normal and Reset Modes of Operation

During normal and reset modes of operation, the clock selection for the system clock is controlled by the

ME.

5.1.3 External signal description

The CGM delivers an output clock to the PAD[22] pin for off-chip use and/or observation.

5.1.4 Memory map and registers description

Table 5-1. CGM memory map

Offset from
CGM_BASE Register Location
(0OxC3FE_0000)
0x0370 CGM_OC_EN—Output Clock Enable on page 107
0x0374 CGM_OCDS_SC—Output Clock Division Select on page 108
0x0378 CGM_SC_SS—System Clock Select Status on page 109
0x037C—-0x037F | Reserved
0x0380 CGM_ACO0_SC—Aux Clock 0 Select Control on page 109
0x0384 CGM_AC0_DC0—Aux Clock 0 Divider Configuration 0 on page 111
0x0388 CGM_AC1_SC—Aux Clock 1 Select Control on page 111
0x038C CGM_AC1_DC0—Aux Clock 1 Divider Configuration 0 on page 112
0x0390 CGM_AC2_SC—Aux Clock 2 Select Control on page 113
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Table 5-1. CGM memory map (continued)

Offset from
CGM_BASE Register Location
(0xC3FE_0000)

0x0394 CGM_AC2_DCO0—Aux Clock 2 Divider Configuration 0 on page 114
0x0398 CGM_AC3_SC—Aux Clock 3 Select Control on page 115
0x039C CGM_AC3_DCO0—Aux Clock 3 Divider Configuration 0 on page 115

0x037A0-0x3FFF | Reserved

NOTE

Any access to unused registers as well as write accesses to read-only
registers will not change register content, and can cause a transfer error .

Table 5-2. CGM registers

0|12 |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

0xC3FE_0000
XOSCO registers
O0xC3FE_001C

0xC3FE_0020

. Reserved
0xC3FE_005C

0xC3FE_0060
IRC registers
0xC3FE_007C

0xC3FE_0080
. Reserved
0xC3FE_009C

0xC3FE_00A0

FMPLL_O registers
0xC3FE_00BC

0xC3FE_00CO0
FMPLL_1 registers
0xC3FE_00DC

0xC3FE_00EO
. Reserved
0xC3FE_OOFC

0xC3FE_0100

CMUO registers
O0xC3FE_011C

0xC3FE_0120

CMU1 registers

0xC3FE_013C
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Table 5-2. CGM registers (continued)

0|12 |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
0xC3FE_0140
Reserved
0xC3FE_036C
0xC3FE_0370 | CGM_OC_EN Rlofo|O0O|OjO|J]O|O|]O|O|]O]JO|O|]O|O]|]O]|O
W
R|lofo|O0O|OjO|JO|O|]O|lO|]O|JO]|JO]|]O|O]O
EN
W
0xC3FE_0374 | CGM_OCDS_SC R| 0| O o(ojo|j0O|jO|OfO]|O
SELDIV SELCTL
W
Rlofo|0O|OjO|JO|O|]O|O]O]JO|O|]O|O]|]O]|O
W
0xC3FE_0378 | CGM_SC_SS R/0O|0]|0]|O SELSTAT o(ojo0o|O0O|O]|OfO]O
W
Rlofo|O0O|OjO|JO|O|]O|O]O]JO|O|]O|O]|]O]|O
W
0xC3FE_037C Reserved
0xC3FE_0380 | CGM_ACO0_SC R|0O|[O0]|O0]|O o(ojo0o|O0O|O]|JOfO]O
SELCTL
W
Rlofo|0O|OjO|J]O|O|]O|O]O|JO|O]|]O|O]|]O]|O
W
0xC3FE_0384 | CGM_ACO0_DCO Rlo|0|0]|O o(ojo0o|jO0O|O|OfO]|O
I DIVO
wloe
Rlofo|0O|OjO|JO|O|]O|O]O]JO|O|]O|O]|]O]|O
W
0xC3FE_0388 | CGM_AC1_SC R|0O|[O0]|O0]|O o(ojo|jO0O|jO0O]|OfO]|O
SELCTL
W
Rlofo|O0O|OjO|J]O|O|]O|O]O]JO|O|]O|O]|]O]|O
W
0xC3FE_038C | CGM_AC1_DCO0 Rlo|0|0]|O o(ojo0o|jO0O|O|OfO]|O
I DIVO
wl e
Rlofo|O0|OjO|JO|lO|]O|O]O|JO|O|]O|O]|]O]|O
W
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Table 5-2. CGM registers (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
0xC3FE_0390 | CGM_AC2_SC R|0O[O0O]|]O0]|O o(ojo0o|jo0oj0j|jO0f0O]|oO
SELCTL
W
RfIofojo|jojojofojofojO0O|jO|lO]jO|O]|O]|O
W
0xC3FE_0394 | CGM_AC2_DCO0 Rlo|0]0|O0 ojojojofojofoj|o
1w DIVO
wle
R|ofojo|jojojofojofOojO0O|jO|lO]j]O|O]|O]|O
W
0xC3FE_0398 | CGM_AC3_SC R|0O[O0O]|]O0]|O ojojojo0ojo0ojojof|o
SELCTL
W
R|ofojo|jojojofojofOoOjO|jO|lO]j]O|O]|O]|O
W
0xC3FE_039C | CGM_AC3_DCO0 Rlo|0]0|O0 ojojojofojofo}|o
1w DIVO
wle
R
W

0xC3FE_0400
. Reserved
0xC3FE_3FFC

5.1.5 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
OxC3FE_0370, as a half-word at address OXC3FE_0372, or as a byte at address OXC3FE_0373.

5.1.5.1 Output Clock Enable register (CGM_OC_EN)
The Output Clock Enable register (CGM_OC_EN) enables and disables the output clock.
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Address: Base + 0x0370 Access: User read-only, Supervisor read/write, Test read/write

0 1 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

EN

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-2. Output Clock Enable register (CGM_OC_EN)

Table 5-1. CGM_OC_EN field descriptions

Field Description

EN Output Clock Enable control
0 Output Clock is disabled.
1 Output Clock is enabled.

5.1.5.2 Output Clock Division Select register (CGM_OCDS_SC)

The Output Clock Division Select register (CGM_OCDS_SC) selects the current output clock source and
the factor by which it is divided before being delivered at the output clock.

Address: Base + 0x0374 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
Rl O 0 0 0 0 0 0 0 0 0
W SELDIV SELCTL

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 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 5-3. Output Clock Division Select register (CGM_OCDS_SC)
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Table 5-1. 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 IRC

0001 XOSC

0010 FMPLL_O

0011 FMPLL_1

All other values are reserved.

5.1.5.3 System Clock Select Status register (CGM_SC_SS)

The System Clock Select Status register (CGM_SC_SS) provides the current system clock source
selection.

Address: Base + 0x0378 Access: User read-only, Supervisor read-only, Test read-only
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R| O 0 0 0 SELSTAT 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 5-4. System Clock Select Status register (CGM_SC_SS)
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Table 5-1. CGM_SC_SS field descriptions

Field Description

SELSTAT | System Clock Source Selection Status — This value indicates the current source for the system clock.
0000 IRC

0001 reserved

0010 XOSC

0011 reserved

0100 FMPLL_O

0101 FMPLL_A1

0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 System clock is disabled.

5.1.5.4 Auxiliary Clock 0 Select Control register (CGM_ACO0_SC)

The Auxiliary Clock 0 Select Control register (CGM_ACO0_SC) selects the current auxiliary clock 0
source.

Address: Base + 0x0380 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
W SELCTL

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 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 5-5. Auxiliary Clock 0 Select Control register (CGM_ACO0_SC)
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Table 5-1. CGM_ACO_SC field descriptions

Field Description

SELCTL | Auxiliary Clock 0 Source Selection Control — This value selects the current source for auxiliary clock 0.
0000 IRC

0001 reserved

0010 XOSC

0011 reserved

0100 FMPLL_O

0101 FMPLL_1

0110 reserved

0111 reserved

1000 FMPLL_1_D1

All other values are reserved.

5.1.5.5 Auxiliary Clock 0 Divider Configuration register (CGM_ACO0_DCO0)

The Auxiliary Clock 0 Divider Configuration register (CGM_ACO0_DCO0) controls the auxiliary clock 0
divider.

Address: Base + 0x0384 Access: User read-only, 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 0
W DEO DIVO

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-6. Auxiliary Clock 0 Divider Configuration register (CGM_AC0_DCO0)

Table 5-1. CGM_ACO0_DCO field descriptions

Field Description

DEO Divider 0 Enable
0 Disable auxiliary clock O divider 0.
1 Enable auxiliary clock 0 divider 0.

DIVO | Divider 0 Division Value — The resultant motor control clock will have a period DIVO + 1 times that of
auxiliary clock 0. If DEO is set to 0 (Divider O is disabled), any write access to the DIVO field is ignored
and the motor control clock remains disabled.

5.1.5.6 Auxiliary Clock 1 Select Control register (CGM_AC1_SC)

The Auxiliary Clock 1 Select Control register (CGM_AC1_SC) selects the current auxiliary clock 1
source.
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Address: Base + 0x0388

0

1

5

6

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

7

8

10

11

12

13

14

15

R

0

W

S

ELCTL

0

0

0

0

0

0

Reset

0

0

17

20

0

21

0

22

23

24

25

26

27

28

29

30

31

0

0

0

Reset

0

0

0

0

0

0

0

0

0

0

0

0

Figure 5-7. Auxiliary Clock 1 Select Control register (CGM_AC1_SC)

Table 5-1. CGM_AC1_SC) field descriptions

Field Description

SELCTL | Auxiliary Clock 1 Source Selection Control — This value selects the current source for auxiliary clock 1.

0000 FMPLL_1

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

reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved
reserved

5.1.5.7 Auxiliary Clock 1 Divider Configuration register (CGM_AC1_DCO0)

The Auxiliary Clock 1 Divider Configuration register (CGM_AC1_DCO) controls the auxiliary clock 1
divider.

Address: Base + 0x038C Access: User read-only, 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
W DEO DIVO

Reset 1 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

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

Figure 5-8. Auxiliary Clock 1 Divider Configuration register (CGM_AC1_DCO0)
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Table 5-1. CGM_AC1_DCO field descriptions

Field Description

DEO | Divider 0 Enable
0 Disable auxiliary clock 1 divider 0.
1 Enable auxiliary clock 1 divider O.

DIVO |Divider 0 Division Value — The resultant CMU1 monitored clock will have a period DIVO + 1 times that of
auxiliary clock 1. If DEOQ is set to 0 (Divider O is disabled), any write access to the DIVO field is ignored
and the CMU1 monitored clock remains disabled.

5.1.5.8 Auxiliary Clock 2 Select Control register (CGM_AC2_SC)

The Auxiliary Clock 2 Select Control register (CGM_AC2_SC) selects the current auxiliary clock 2
source.

Address: Base + 0x0390 Access: User read-only, Supervisor read/write, Test read/write
0 1 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
W SELCTL

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 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 5-9. Auxiliary Clock 2 Select Control register (CGM_AC2_SC)

Table 5-1. CGM_AC2_SC field descriptions

Field Description

SELCTL | Auxiliary Clock 2 Source Selection Control — This value selects the current source for auxiliary clock 2.
0000 IRC

0001 reserved

0010 XOSC

0011 reserved

0100 FMPLL_O

0101 FMPLL_1

0110 reserved

0111 reserved

1000 FMPLL_1_D1

All other values are reserved.

5.1.5.9 Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DCO0)

The Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DCO0) controls the auxiliary clock 2
divider.
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Address: Base + 0x0394

Access: User read-only, 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
DEO DIVO
W
Reset 1 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 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-10. Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DCO0)
Table 5-1. CGM_AC2_DCO field descriptions
Field Description
DEO Divider 0 Enable
0 Disable auxiliary clock 2 divider 0.
1 Enable auxiliary clock 2 divider 0.
DIVO |Divider 0 Division Value — The resultant Safety Port clock will have a period DIVO + 1 times that of
auxiliary clock 2. If the DEO is set to 0 (Divider 0 is disabled), any write access to the DIV 0 field is ignored
and the SafetyPort clock remains disabled.

5.1.5.10 Auxiliary Clock 3 Select Control register (CGM_AC3_SC)

The Auxiliary Clock 3 Select Control register (CGM_AC3_SC) selects the current auxiliary clock 3
source.

Address: Base + 0x0398 Access: User read-only, Supervisor read/write, Test read/write

0 1 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

W SELCTL
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 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
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Table 5-1. CGM_AC3_SC field descriptions

Field Description

SELCTL | Auxiliary Clock 3 Source Selection Control — This value selects the current source for auxiliary clock 2.
0000 IRC

0001 reserved
0010 XOSC

0011 reserved
0100 FMPLL_O
0101 FMPLL_1
0110 reserved
0111 reserved
1000 FMPLL_1_D1
1001 reserved
1010 reserved
1011 reserved
1100 reserved
1101 reserved
1110 reserved
1111 reserved

5.1.5.11 Auxiliary Clock 3 Divider Configuration register (CGM_AC3_DCO0)

The Auxiliary Clock 3 Divider Configuration (CGM_AC3_DCO023) register controls the auxiliary clock 3
dividers.

Address: Base + 0x039C Access: User read-only, 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 0
W DEO DIVO

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

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 5-12. Auxiliary Clock 3 Divider Configuration registers (CGM_AC3_DCO0)

Table 5-1. CGM_AC3_DCO field descriptions

Field Description

DEO | Divider 0 Enable
0 Disable auxiliary clock 3 divider 0.
1 Enable auxiliary clock 3 divider 0.

DIVO |Divider 0 Division Value — The resultant FlexRay clock will have a period DIVO + 1 times that of auxiliary
clock 3. If the DEO is set to O (Divider 0 is disabled), any write access to the DIV 0 field is ignored and the
FlexRay clock remains disabled.
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5.2  Functional description

5.2.1 System clock generation

Figure 5-13 shows the block diagram of the system clock generation logic. The ME provides the system
clock select and switch mask (see Chapter 6, “Mode Entry Module (ME) for more details), and the
MC_RGM provides the safe clock request (see Chapter 8, “Reset Generation Module (RGM) for more
details). The safe clock request forces the selector to select the IRC as the system clock and to ignore the
system clock select.

IRC
» 0 ME system
clock switch mask
XO0SC ——»|2
FMPLL 0— >4 , l
FMPLL 1——[5 | [\ ©
— X » SYSCLK

RGM safe clock request
ME clock select — ¢

\ A
CGM_SC_SS register

Figure 5-13. CGM system clock generation overview

5.2.1.1 System clock source selection

During normal operation, the system clock selection is controlled as follows:

* Ona SAFE mode event, by RGM
» Otherwise, by the ME

5.2.1.2 System clock disable

During normal operation, the system clock can be disabled by the ME.
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5.2.2 Auxiliary clock generation

Figure 5-14 shows the block diagram of the auxiliary clock generation logic. See the following sections

for auxiliary clock selection control.
» Section 5.1.5.4, “Auxiliary Clock 0 Select Control register (CGM_ACO0_SC)
» Section 5.1.5.6, “Auxiliary Clock 1 Select Control register (CGM_AC1_SC)
e Section 5.1.5.8, “Auxiliary Clock 2 Select Control register (CGM_AC2_SC)
e Section 5.1.5.10, “Auxiliary Clock 3 Select Control register (CGM_AC3_SC)

IRC—>
XOSC ———»

FMPLL_O ——>
FMPLL_1 ——

ar N O

» (unused)

CGM_ACO0_DCO register

Y

——» Motor Control clock

> clock divider

A

CGM_ACO_SC register

Figure 5-14. CGM auxiliary clock 0 generation overview
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FMPLL_1 —>|0

> (unused)

CGM_AC1_DCO register

Y

——» CMU_1 clock

> clock divider

A

CGM_AC1_SC register

Figure 5-15. CGM auxiliary clock 1 generation overview

IRC——>
XO0SC—»

FMPLL_ 00— »
FMPLL_1——>

ak~ N O

> (unused)

CGM_AC2_DCO register

Y

——» FlexRay clock

( > clock divider

CGM_AC2_DCH1 register

CGM_AC2_SC register Y

——» Safety Port clock

> clock divider

Figure 5-16. CGM auxiliary clock 2 generation overview
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IRC ——>
XO0SC——»

FMPLL 0 — >
FMPLL_1 ——

as~ N O

FMPLL_1_D1—»|8 » (unused)

CGM_AC3_DCO register

Y

> clock divider I » FlexRay clock

A

CGM_ACS_SC register

Figure 5-17. CGM auxiliary clock 3 generation overview

5.2.2.1 Auxiliary clock source selection

The auxiliary clock selection is done via the CGM_ACO0...3_SC registers. If software selects an
unavailable source, the previous selection remains, and the register content does not change.

5.2.2.2 Dividers functional description
Dividers are utilized for the generation of divided system and peripheral clocks. The CGM has the
CGM_SC-DC control registers for built-in dividers:

e Section 5.1.5.5, “Auxiliary Clock 0 Divider Configuration register (CGM_AC0_DCO0)

e Section 5.1.5.7, “Auxiliary Clock 1 Divider Configuration register (CGM_AC1_DCO0)

* Section 5.1.5.9, “Auxiliary Clock 2 Divider Configuration Register (CGM_AC2_DCO0)

e Section 5.1.5.11, “Auxiliary Clock 3 Divider Configuration register (CGM_AC3_DCO0)

The reset value of all counters is 1. If a divider has its DE bit in the respective configuration register set
to O (the divider is disabled), any value in its DIVn field is ignored.

5.2.3 Output clock multiplexing

The CGM contains a multiplexing function for a number of clock sources that can then be utilized as
output clock sources. The selection is done via the CGM_OCDS_SC register.
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16 MHz internal RC oscillator———|
4 MHz crystal oscillator——»
System PLL —— 3

Secondary (120 MHz) PLL——»

register

w N = O

A

CGM_OCDS_SC.SELCTLF——

IR

CGM_OC_EN register

]

0 OM
L PAD[22]

» 0

A

CGM_OCDS_SC.SELDIV
register

Figure 5-18. CGM output clock multiplexer and PAD[22] generation

5.2.4 Output clock division selection

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

» PADI[22] (see Figure 5-18). 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 CGM.

* The CGM also has an Output Clock Enable register (see Section 5.1.5.1, “Output Clock Enable
register (CGM_OC_EN)), which contains the output clock enable/disable control bit.
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Chapter 6 Mode Entry Module (ME)

6.1 Introduction

This chapter describes the Introduction, which includes the functionality, pin description, and registers of

the ME module.

6.1.1 Overview

The ME controls the device mode and mode transition sequences in all functional states. It also contains

configuration, control and status registers accessible for the application.

Figure 48 shows the ME block diagram.

VREG <

Flashes

\

ME

16 MHz_IRC |=

Registers

Platform Interface

XOSC -

Y

FMPLL_O -

Y

FMPLL_1 -

Y

6.1.2 Features

The ME includes the following features:
» Control of the available modes by the ME_ME register

\

Device
Mode
State

Machine

Y

RGM

Y

CGM

Core

-
'

Peripherals

Figure 48. ME block diagram

WKPU

» Definition of various device mode configurations by the ME_<mode>_MC registers
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» Control of the actual device mode by the ME_MCTL register

» Capture of the current mode and various resource status within the contents of the ME_GS register
» Optional generation of various mode transition interrupts

» Status bits for each cause of invalid mode transitions

» Peripheral clock gating control based on the ME_RUN_PCO...7, ME_LP_PCO...7, and
ME_PCTLO...143 registers

» Capture of current peripheral clock gated/enabled status

6.1.3 Modes of Operation

6.1.3.1

The 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 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, HALTO, and
STOPO, 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.

Modes Overview

Table 43 describes the ME modes.

Table 43. ME Mode Descriptions

Name Description Entry Exit
RESET This is a device-wide virtual mode in which the application is | System reset System reset
not active. The system remains in this mode until all resources | assertion from deassertion from
are available for the embedded software to take control of the | MC_RGM MC_RGM
device. It manages hardware initialization of device
configuration, voltage regulators, oscillators, PLLs, and flash
modules.
DRUN This is the entry mode for the embedded software. It provides | System reset System reset
full accessibility to the system and enables the configuration | deassertion from | assertion,
of the system at startup. It provides the unique gate to enter | MC_RGM, RUNO...3, TEST
USER modes. BAM when present is executed in DRUN software request | via software, SAFE
mode. from SAFE, TEST |via software or
and RUNO...3 hardware failure.
SAFE This is a device-wide service mode that can be entered on the | Hardware failure, | System reset
detection of a recoverable error. It forces the systemintoa | software request |assertion, DRUN
pre-defined safe configuration from which the system may try |from DRUN, TEST, | via software
to recover. and RUNO...3
TEST This is a device-wide service mode that provides a control Software request | System reset
environment for device self-test. It may enable the application | from DRUN assertion, DRUN
to run its own self-test like flash checksum, memory BIST etc. via software
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Table 43. ME Mode Descriptions (continued)

Name Description Entry Exit
RUN 0...3 | These are software running modes where most processing | Software request | System reset
activity is done. These various run modes allow to enable from DRUN, assertion, SAFE
different clock and power configurations of the system with | interrupteventfrom | via software or
respect to each other. HALTO, interrupt or | hardware failure,
wakeup event from | other RUNO...3
STOPO modes, HALTO,
STOPO
HALTO This is a reduced-activity low-power mode during which the | Software request | System reset
clock to the core is disabled. It can be configured to switch off | from RUNO...3 assertion, SAFE on
analog peripherals like PLL, flash, main regulator etc. for hardware failure,
efficient power management at the cost of higher wakeup RUNO...3 on
latency. interrupt event
STOPO This is an advanced low-power mode during which the clock | Software request | System reset
to the core is disabled. It may be configured to switch off most | from RUNO...3 assertion, SAFE on
of the peripherals including oscillator for efficient power hardware failure,
management at the cost of higher wakeup latency. RUNO...3 on
interrupt event or
wakeup event

6.2

External signal description

The ME has no connections to any external pins.

6.3

Memory map and registers description

The ME base address is 0XC3FD_C000. The ME contains registers for:

* Mode
* Mode
* Mode

selection and status reporting
configuration
transition interrupts status and mask control

» Scalable number of peripheral sub-mode selection and status reporting

6.3.1

Register summary

Table 44. ME registers

Offset from
ME_BASE Register Location
(0xC3FD_CO000)

0x0000 ME_GS—Gilobal Status register on page 131
0x0004 ME_MCTL—Mode Control register on page 133
0x0008 ME_ME—Mode Enable register on page 134
0x000C ME_IS—Interrupt Status register on page 135
0x0010 ME_IM—Interrupt Mask register on page 136
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g |

Table 44. ME registers (continued)

Offset from

ME_BASE Register Location
(0xC3FD_CO000)
0x0014 ME_IMTS—Invalid Mode Transition Status register on page 137
0x0018 ME_DMTS—Debug Mode Transition Status register on page 137
0x001C Reserved
0x0020 ME_RESET_MC—RESET Mode Configuration register on page 141
0x00024 ME_TEST_MC—TEST Mode Configuration register on page 141
0x0028 ME_SAFE_MC—SAFE Mode Configuration register on page 142
0x002C ME_DRUN_MC—DRUN Mode Configuration register on page 142
0x0030 ME_RUNO_MC—RUNO Mode Configuration register on page 143
0x0034 ME_RUN1_MC—RUN1 Mode Configuration register on page 143
0x0038 ME_RUN2_MC—RUN2 Mode Configuration register on page 143
0x003C ME_RUN3_MC—RUNS3 Mode Configuration register on page 143
0x0040 ME_HALT0_MC—HALTO Mode Configuration register on page 144
0x0044 Reserved
0x0048 ME_STOPO_MC—STOPO Mode Configuration register on page 144
0x004C—-0x005F | Reserved
0x0060 ME_PSO0—Peripheral Status 0 register on page 146
0x0064 ME_PS1—Peripheral Status 1 register on page 147
0x0068 ME_PS2—Peripheral Status 2 register on page 147
0x006C—0x007F | Reserved
0x0080 ME_RUN_PCO0—Run Peripheral Configuration 0 register on page 148
0x0084 ME_RUN_PC1—Run Peripheral Configuration 1 register on page 148
0x0088 ME_RUN_PC2—Run Peripheral Configuration 2 register on page 148
0x008C ME_RUN_PC3—Run Peripheral Configuration 3 register on page 148
0x0090 ME_RUN_PC4—Run Peripheral Configuration 4 register on page 148
0x0094 ME_RUN_PC5—Run Peripheral Configuration 5 register on page 148
0x0098 ME_RUN_PC6—Run Peripheral Configuration 6 register on page 148
0x009C ME_RUN_PC7—Run Peripheral Configuration 7 register on page 148
0x00A0 ME_LP_PCO0—Low-Power Peripheral Configuration 0 on page 149
register
0x00A4 ME_LP_PC1—Low-Power Peripheral Configuration 1 on page 149
register
0x00A8 ME_LP_PC2—Low-Power Peripheral Configuration 2 on page 149

register
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Table 44. ME registers (continued)

Offset from
ME_BASE Register Location
(0xC3FD_CO000)

0x00AC ME_LP_PC3—Low-Power Peripheral Configuration 3 on page 149
register

0x00B0 ME_LP_PC4—Low-Power Peripheral Configuration 4 on page 149
register

0x00B4 ME_LP_PC5—Low-Power Peripheral Configuration 5 on page 149
register

0x00B8 ME_LP_PC6—Low-Power Peripheral Configuration 6 on page 149
register

0x00BC ME_LP_PC7—Low-Power Peripheral Configuration 7 on page 149
register

0x00C0-0x00C3 | Reserved

0x00C4 ME_PCTL4—DSPIO Control register on page 149
0x00C5 ME_PCTL5—DSPI1 Control register on page 149
0x00C6 ME_PCTL6—DSPI2 Control register on page 149
0x00C7 ME_PCTL7—DSPI3 Control register on page 149

0x00C8-0x00CF | Reserved

0x00D0 ME_PCTL16—FlexCANO Control register on page 149
0x00D1-0x00D7 | Reserved

0x00D8 ME_PCTL24—FlexRay Control register on page 149

0x00D9 Reserved

0x00DA ME_PCTL26—SafetyPort Control register on page 149
0x00DB-0x00DF | Reserved

0x00EO0 ME_PCTL32—ADCO Control register on page 149

0x00E1 ME_PCTL33—ADC1 Control register on page 149

0x00E2 Reserved

0x00E3 ME_PCTL35—CTUO Control register on page 149
0x00E4—-0x00E5 | Reserved

0x00E6 ME_PCTL38—eTimer0 Control register on page 149

0x00E7 ME_PCTL39—eTimer1 Control register on page 149

0x00E8 Reserved

0x00E9 ME_PCTL41—FlexPWMO Control register on page 149
0xOOEA-OXOOEF | Reserved

0x00F0 ME_PCTL48—LINFlex0 Control register on page 149
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Table 44. ME registers (continued)

Offset from
ME_BASE Register Location
(0xC3FD_CO000)

0x00F1 ME_PCTL49—LINFlex1 Control register on page 149

0x00F2-0x010B | Reserved

0x011C ME_PCTL92—PIT_RTI Control register on page 149

0x011D-0x3FFF | Reserved

NOTE

Any access to unused registers as well as write accesses to read-only
registers will not change register content, and will cause a transfer error.

6.3.2 Memory Map

Table 45. ME Memory Map

o|1|2|3|a|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
0xC3FD_C000 (ME_GS R |S_CURRENT_MODE| 2 | 0 | 0 [0 | 5| 0 [ 0 | ¢ | S_DFLA | S_CFLA
>
T EI =
§| 1% )
n
w | ||
(@)
Rlo|lo|o|lo|lo|lo|lo|o]o ol & S_SYSCLK
ol O |
318 s
wn » ‘_I
N
w
0xC3FD_C004 |ME_MCTL R| TARGET.MODE | o |o|o|o|o|o|o|o]o|o|lo]o
W
R KEY
W
0xC3FD_C008 |ME_ME Rlo|lo|lo|lo|o|lolo|lo|o|lo|lo|lo|o|lo|o]o
w
Rlo|lolo]o]o 0 2|5 | ¢ m
g El2|g|z|2|8|8|0h|4
o 2| 5|5|5| ||| h|«x
5 Tzl [
W
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Table 45. ME Memory Map (continued)

o|1|2|3|4a|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
0xC3FD_C00C |ME_IS Rlo|lo|lo|lo|o|lo|o|lo|o|lo|lo|lo|o|lo|o]o
w
Rlolo|lo|o|o|o|o]|olo|lo|lololk|B|¥]|o
O| Oo| < E
c|2|%|3
I N
w wic|wic|wic|wic
0xC3FD_C010 |ME_IM R|lo|o|o|o|lo|lo|lo|lo|o|o|o|]o|]o|o|o]o
w
Rlolo|lo|lo|lo|o|o]olo|lo|lolol.|8|%]|o
oO| O| < E
w 9| =2 '
s|s|=|=
0xC3FD_C014 |ME_IMTS R|o|o|o|o|lo|lo|lo|lo|o|o|o|]o|]o|o|o]o
w
—_ = < <<
Rlolo|lo|lo|lo|o|lo]o|lo|o|lo|E|E|S|S|S
EI EI o = (J)I
%) %) U)l (fJI 1)
w wic|wic|wic|wic|wic
> S |6
0xC3FD_C018 [ME_DMTS & 318
] o | O o
R{ojOo|O|O|O|O]|]O]|O m‘ 0|0 0-| UJI 0|0 |s
I O | (9p]
o S | O
= o | O
W
® | o] -
OO |7 [
ol9 2 %l D | B o: fél %l o
D | T |T |T T || T
RI0O|J|8 X155 | |x|0]0 oo |
4| D OO |< |< | o | x|
a| O P | |F | o |a |
=< » | > L LL | | ID.
H o0 |a ala |
a alal8
&) O|0O
W
0xC3FD_Co01C Reserved
0xC3FD_C020 ME_RESET_MC |R| o |0 |o0o|lo|o|o0]|o0o]o|o|lo]o Ezg DFLAON | CFLAON
2 g
=
w |
b
Rlo|lo|o|lo|lo|lo|lo|o]o - |6 SYSCLK
= (@) ]
S18l%
.} 1) N
- T
o 9 s
©
W ||

Pictus_512K Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor

127



Table 45. ME Memory Map (continued)

o|1|2|3|4a|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
b
0xC3FD_C024 |ME_TEST_MC Rlo|lolo|lo|olo|lo]o 0 | 0| G |DFLAON | CFLAON
o) g
E =
w
b
Rlo|lolo|lo|olo|lo]o ~| 6 SYSCLK
z|z|06|Q
O o o s
w hr} S| Q N
b I e 8 T
o o < s
©
0xC3FD_C028 |ME_SAFE_MC R|lo|o|o|lo|lo|lo|lo]o o | o | & | DFLAON | CFLAON
9 <
o) =
w [ [ ]
b
Rlo|lolo|lo|o|lo|lo]o -8 SYSCLK
z|z|0| &
S 8 =] 125
) ' Q N|
- | 92} T
o o 9 s
©
W B
0xC3FD_C02C |ME_DRUN_MC Rlolo|o|o|o|lo|lo|o|o|lo]o é DFLAON | CFLAON
g g
=
w
=z
Rlo|lolo|lo|o|lo|lo]o 5|  svsck
b4 o
=2 =z =
5156|8| «
— =] O I
Jld]l @l =
o o g ©
w
b
0xC3FD_C030 [ME_RUNO..3_ MC|R| o0 |0 |o0o|o0o|o|o|o]o Q| 0| 0|5 |DFLAON | CFLAON
o >
0xC3FD_C03C =
w
pze
Rlo|lolo|lo|o|lo|lo]o 5|  svsck
b4 o
pd = =
5156|8| «
— S (&) I
4| 4 2| =
o o < 9
w
b
0xC3FD_C040 |ME_HALTO_MC Rlojo|ojo|o|o|o|ofg]|o]|0]|Q |DFLAON|CFLAON
g g
s
w
=
Rlololo|lo|o|lo|lo]o ~| 6 SYSCLK
z|z|06|Q
O o o s
w T892 W
| O 8 T
o o < s
©
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Table 45. ME Memory Map (continued)

1| 2 4 7 10 |11 |12 |13 |14 | 1
Address Name 0 3 5168 819 0 3 °
16 |17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31
0xC3FD_C044 Reserved
0xC3FD_C048 |[ME_STOPO_MC  |R|{ o |0 |o0o|o|o|o|o]o o | o | & |DFLAON | CFLAON
o S
2 =
w
P4
Rl o|lo|]o|lo|lo|o]|]oOo]oO O |  SYSCLK
z > g.-:)
o) o
51319 | W
J|e| 3|3
= Sle
w Bl
0xC3FD_C04C
Reserved
0xC3FD_C05C
0xC3FD_C060 [ME_PS0 R 5 ey 2
= b 3
o ko) 3
$| (I';| EI
n 2]
w
™ [aV] — o
R cla|lxz|a|o]|]o]|]o]|o
0 n 0 n
D| D| D| D|
w 0 w 0
w
0xC3FD_C064 |ME_PSH1 rlololo ol o ololololo R
2|2
z| 2
- .}
CfJI (f)l
w
R % — o
= 5| % 3 5|8
o £ £ = a [a)]
3 Bl < R
;I U)I U)I o * ®
w
0xC3FD_C068 |ME_PS2 Rlolololk olololo|=|lo|lo|lolo]|lolo
L ?
T @
1%} 0
w
R|lo|lo|o|o|o]|o 0| o o|lo|o|o
w
0xC3FD_C06C Reserved
0xC3FD_C070 Reserved
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Table 45. ME Memory Map (continued)

o|l1|2|3|4|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

0xC3FD_C074
... Reserved
0xC3FD_C07C

o

0xC3FD_C09C w

RESET

RUN3
RUN2
RUN1
RUNO
DRUN
SAFE
TEST

0XC3FD_COA0 ME_LP_PCO .7 R 0 0 0 0 0

o
o
o
o
o
o
o
o
o
o
o

0xC3FD_CO0BC W
R|lo|lo|o|lo|o|&|o|g|o|o|o|o|OoO|O]|O]|oO
O -
= <
W [} T
0xC3FD_C0CO IME_PCTLO...143 | g | o S| Lpcre RUN.CFG | 0 | % | LP.CFG RUN_CFG
Q Q
OxC3FD_C14F W o e
R| 0| Y LP_CFG RUN_CFG 0| Y LP_CFG RUN_CFG
2 B
W [a] =)
0xC3FD_C150
Reserved

0xC3FD_
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6.3.3

Registers 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 offset OXC3FD_C080, as a half-word at address offset 0OXC3FD_C082, or as a byte at
address offset OxC3FD_C083.

6.3.3.1

Address: Base + 0x0000

w
Reset

Reset

Global Status register (ME_GS)

This register contains global mode status.

Access: User read, Supervisor read, Test read

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
n
Z Q <
S_CURRENT_MODE | & | 0 0 o | & 0 0 | S | S.DFLA | S_CFLA
E‘ (/)l U)l
wn
0 0 0 0 1 0 o0 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 o
— o O |
- - %) N
ojojojo|fojo|o0|o0|&a |&|C|Z S_SYSCLK
(Dl U)I :I Sgl
(9p]
o o o o|O0O O O O/0O O O 1,0 O0 0 O

Figure 49. Global Status register (ME_GS)
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Table 46. ME_GS field descriptions

Field

Description

S_CURRENT_
MODE

Current device mode status
0000 RESET
0001 TEST
0010 SAFE
0011 DRUN
0100 RUNO
0101 RUN1
0110 RUN2
0111 RUN3
1000 HALTO
1001 reserved
1010 STOPO
1011 reserved
1100 reserved
1101 reserved
1110 reserved
1111 reserved

S_MTRANS

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

S_PDO

Output power-down status — This bit specifies output power-down status of 1/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 I/Os 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
sequence driver is disabled. The inputs are level unchanged. In STOPO mode, only pad power
sequence driver is disabled but the state of the output is kept.

S_MVR

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

S_DFLA

Data flash availability status

00 Data flash is not available.

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.

S_CFLA

Code flash availability status

00 Code flash is not available.

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.

S_PLL1

Secondary PLL status
0 Secondary PLL is not stable.
1 Secondary PLL is providing a stable clock.

S_PLLO

System PLL status
0 System PLL is not stable.
1 System PLL is providing a stable clock.

S_XOSCo

XOSC status
0 XOSC is not stable.
1 XOSC is providing a stable clock.
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Table 46. ME_GS field descriptions (continued)

Field

Description

S_16 MHz_IRC |IRC status
0 IRC is not stable.
1 IRC is providing a stable clock.

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

IRC

reserved

XOSC

reserved

System PLL

Secondary (120 MHz) PLL
reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

reserved

System clock is disabled.

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

6.3.3.2 Mode Control register (ME_MCTL)

This register triggers software-controlled mode changes. Depending on the modes as enabled by the
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.

Byte and half-word write accesses are not allowed for this register as a

NOTE

predefined key is required to change its value.

Address: Base + 0x0004

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
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

Reset 1 0

1 oo 1 o 1]0 0 o0 0]
Figure 50. Mode Control register (ME_MCTL)
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Table 47. ME_MCTL field descriptions

Field

Description

TARGET
_MODE

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 HALTO and STOPO
modes on hardware exit events, these are updated with the appropriate RUNO...3 mode value.
RESET

0001 TEST

SAFE

DRUN

RUNO

RUN1

RUN2

RUN3

HALTO

reserved

STOPO

reserved

reserved

reserved

reserved

reserved

0000

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

KEY

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 (Ox5AFO0)

INVERTED KEY: 1010010100001111 (OxA50F)

6.3.3.3

Mode Enable register (ME_ME)

This register allows a way to disable the device modes that are not required for a given device. RESET,
SAFE, DRUN, and RUNO modes are always enabled.

Address: Base + 0x0008

Reset

Reset

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
0 0 0 0 0 0 0 0 0 0 0 0 0 0
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 |z | w 0
o o — =2 2 L
0] 0100710 o) o522z |3l |< |6 |4
= = | S|S5 |5 |||l |Ww]|eg
5 T | | | & =
0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 1

Figure 51. Mode Enable register (ME_ME)
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Table 48. ME_ME field descriptions

Field

Description

STOPO

STOPO mode enable
0 STOPO mode is disabled.
1 STOPO mode is enabled.

HALTO

HALTO mode enable
0 HALTO mode is disabled.
1 HALTO mode is enabled.

RUN3

RUN3 mode enable
0 RUNS3 mode is disabled.
1 RUNS3 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.

6.3.3.4 Interrupt Status register (ME_IS)

This register provides the current interrupt status.
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Address: Base + 0x000C 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

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

o
o
o
o

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

’ AR

0 0 0 0 0 0 0 0 0 0 0 0 3 s (<}:)| §|

— _ — -

w wic | wic | wic | wic

o
o
o
o

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

Figure 52. Interrupt Status register (ME_IS)

Table 49. ME_IS field descriptions

Field Description

I_ICONF | 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 to this bit.

0 No invalid mode configuration interrupt occurred

1 Invalid mode configuration interrupt is pending

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

0 No invalid mode interrupt occurred

1 Invalid mode interrupt is pending

I_SAFE SAFE mode interrupt — This bit is set whenever the device enters SAFE mode on hardware 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

I_MTC Mode transition complete interrupt — This bit is set whenever the mode transition process completes
(S_MTRANS transitions from 1 to 0). It is cleared by writing a 1 to this bit. This mode transition
interrupt bit will not be set while entering low-power modes HALTO, or STOPO.

0 No mode transition complete interrupt occurred

1 Mode transition complete interrupt is pending

6.3.3.5 Interrupt Mask register (ME_IM)

This register controls whether an event generates an interrupt.
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Address: Base + 0x0010 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

Rl 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

o
o
o
o

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
LL L
R| O 0 0 0 0 0 0 0 0 0 0 0 % 8 ; o
w Q| = | 9 =
s s = =
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 53. Interrupt Mask register (ME_IM)
Table 50. ME_IM field descriptions
Field Description
M_ICONF |Invalid mode configuration interrupt mask
0 Invalid mode interrupt is masked
1 Invalid mode interrupt is enabled.
M_IMODE | Invalid mode interrupt mask
0 Invalid mode interrupt is masked
1 Invalid mode interrupt is enabled.
M_SAFE | SAFE mode interrupt mask
0 SAFE mode interrupt is masked
1 SAFE mode interrupt is enabled.
M_MTC Mode transition complete interrupt mask
0 Mode transition complete interrupt is masked
1 Mode transition complete interrupt is enabled.
6.3.3.6 Invalid Mode Transition Status register (ME_IMTS)
This register provides the status bits for each cause of invalid mode interrupt.
Address: Base + 0x0014 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 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 Elzx | S22 |5
ol ofo|o|ofloflo]o|o]|o|o|Z]53 Z | 2 cLHI
2 N I, N PP PP N

W wic | wic | wic | wic | wic

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 54. Invalid Mode Transition Status register (ME_IMTS)
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Table 51. ME_IMTS field descriptions

Field Description

S_MTI 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 refer to Section 6.4.5, “Mode 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.

S_MRI Mode Request lllegal status — This bit 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_DMA 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_NMA 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.

S_SEA 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 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.

6.3.3.7 Debug Mode Transition Status register (ME_DMTS)

Address: Base + 0x0018 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 | o
) @) ua}
) o o o
ofofloflo O |oO|O|O|® o |oO /| |, |]oO0]|oO0]|S
I O o [9p]
o = o
= o &)
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 g g[8s
= |9 | o |7 v | o !
3 8| 8‘ N I T I ;‘
o[Jd|8|o|X|S|a|a|z|oflofo|o|E |z |k
a1 | @ O |0 | < | < o C | c
= | O ®» | @ | | |« o | o | &
[ S|l | | | | :
x 2 7 o o o o o &
=) =) a )
O O ®)
W
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 55. Debug Mode Transition Status register (ME_DMTS)
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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 52. ME_DMTS Field Descriptions

Field Description

MPH_BUSY ME/MC_PCU Handshake Busy indicator — This bit is set if the ME has requested a mode
change from the MC_PCU and the MC_PCU has not yet responded. It is cleared when the
MC_PCU has responded.

0 Handshake is not busy.
1 Handshake is busy.

PMC_PROG 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 processes have
completed.

0 Power-up/down transition is not in progress.
1 Power-up/down transition is in progress.

CORE_DBG Processor is in Debug mode indicator — This bit is set while the processor is in debug mode.
0 The processor is not in debug mode.
1 The processor is in debug mode.

SMR 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
been cleared.

0 A SAFE mode request is not active.
1 A SAFE mode request is active.

PLLO_SC PLLO State Change during mode transition indicator — This bit is set when the System PLL
is requested to change its power up/down state. It is cleared when the System PLL has
completed its state change.

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

X0SC0_SC XOSCO0 State Change during mode transition indicator — This bit is set when the XOSC is
requested to change its power up/down state. It is cleared when the XOSC has completed its
state change.

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

16 MHz_IRC_SC |16 MHz_IRC State Change during mode transition indicator — This bit is set when the IRC is
requested to change its power up/down state. It is cleared when the IRC has completed its
state change.

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

SSCLK_SC Secondary System Clock Sources State Change during mode transition indicator — This bit
is set when a secondary system clock source is requested to change its power up/down state.
Itis cleared when all secondary system clock sources have completed their state changes. (A
secondary system clock source is a system clock source other than 16 MHz_IRC, XOSCO, or
PLLO.)

0 No state change is taking place.
1 A state change is taking place.
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Table 52. ME_DMTS Field Descriptions (continued)

Field Description

SYSCLK_SW System Clock Switching pending status —
0 No system clock source switching is pending.
1 A system clock source switching is pending.

DFLASH_SC 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 completed
its state change.

0 No state change is taking place.

1 A state change is taking place.

CFLASH_SC 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 completed
its state change.

0 No state change is taking place.

1 A state change is taking place.

CDP_PRPH_0_143 | 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_64_95 | 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_32_63 | 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_0_31 | 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.
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6.3.3.8

Address: Base + 0x0020

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

RESET Mode Configuration register (ME_RESET_MC)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
3 5
0 0 0 0 0 0 0 0 |[PDO| O 0 D>'Z 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
R =z
> @)
z z | &6 | ©
O o S s
0 0 0 0 0 0 0 0 N S O N, SYSCLK
O O N T
o a | Q s
©
w | |
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 56. Invalid Mode Transition Status register (ME_IMTS)

This register configures system behavior during RESET mode. Please refer to Table 53 for details.

6.3.3.9

Address: Base + 0x0024

Reset

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

TEST Mode Configuration register (ME_TEST_MC)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
=z
(@)
0 0 0 0 0 0 0 0 0 0 o
PDO E DFLAON CFLAON
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
0 0 0 0 0 0 0 0 Z
= (@)
z pa o Q
@) (@) o s
Y S O N SYSCLK
9]
- - o) I
o o < s
©
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 57. TEST Mode Configuration register (ME_TEST_MC)

This register configures system behavior during TEST mode. Please refer to Table 53 for details.

NOTE

Byte and half-word write accesses are not allowed to this register.
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6.3.3.10 SAFE Mode Configuration register (ME_SAFE_MC)

Address: Base + 0x0028

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 5
0 0 0 0 0 0 0 0 0 0 o DFLAON CFLAON
PDO >
=
w
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
R =z
o (@)
- o O O
5133 &
0 0 0 0 0 0 0 0 o o @) \ SYSCLK
O | O |5 £
o o F =
©
w L[]
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 58. SAFE Mode Configuration register (ME_SAFE_MC)
This register configures system behavior during SAFE mode. Please refer to Table 53 for details.

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

6.3.3.11  DRUN Mode Configuration register (ME_DRUN_MC)
Address: Base + 0x002C 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 5
0 0 0 0 0 0 0 0 |PDO| O 0 o
§ 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
R P
S
Z o
pd pd T
o|lo|lo|o|lo|o|o|o|d |88 |
O 3 O T SYSCLK
17}
| | o} S
o o Q °
w
Reset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 59. DRUN Mode Configuration register (ME_DRUN_MC)

This register configures system behavior during DRUN mode. Please refer to Table 53 for details.
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NOTE
Byte and half-word write accesses are not allowed to this register.

6.3.3.12 RUNO...3 Mode Configuration registers (ME_RUNO...3_MC)

Address: Base + 0x0030 (ME_RUNO)
Base + 0x0034 (ME_RUNT1)
Base + 0x0038 (ME_RUN2)

Base + 0x003C (ME_RUNS3) 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 5
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

28 29 30 31

—
o
—
3
—
o]
—
©
n
o
N
=
N
N
n
w
N
~
N
a
N
o
N
~

=2

" 3

Z |

Z | Z2 | o | =

o|lo|o|lolo|lo|lo]o|8|8 |8 |

_|_|8§

D'D'XCD

W

Reset 0 0 O 0 0O O O 0|0 O O 1,0 0 0 0

Figure 60. RUNO...3 Mode Configuration registers (ME_RUNO...3_MC)

This register configures system behavior during RUNO...3 modes. Please refer to Table 53 for details.

NOTE
Byte and half-word write accesses to this register are not allowed.
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6.3.3.13

Address: Base + 0x0040

0

1

2

HALTO Mode Configuration register (ME_HALTO_MC)

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

7

8

9

10

—_
-

12 13 14 15

Reset

=2
ol ol ololo|o|ol|olro|lolo]g
= | DFLAON | CFLAON
o 0 0 0 0 0 o0 0 0 0 0 1.1 0o 1 o
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
o]lololololo]olo z
| 5
z |z | & |9
O | o0 | & | &
=138 |73 SYSCLK
n
_I_IOI
&&X§
©
o 0 0 o0 0 0 o0 0 0 0 0 1.0 o0 0 o

Figure 61. HALTO Mode Configuration register (ME_HALTO_MC)

This register configures system behavior during HALTO mode. Please refer to Table 53 for details.

NOTE

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

6.3.3.14 STOPO Mode Configuration register (ME_STOPO0_MC)

Address: Base + 0x0048

0

1

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

7

8

9

10

-
—_

12 13 14 15

W

Reset

W

Reset

z
0 0 0 0 0 0 0 0 0 0 8
PDO E DFLAON CFLAON
0 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
z
3
z
z |G| 8| &
0 0 0 0 0 0 0 0 (@) S S N SYSCLK
0 = Q T
0 o 8 =
o Q -
0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Figure 62. STOP0 Mode Configuration register (ME_STOPO_MC)

This register configures system behavior during STOPO mode. Please refer to Table 53 for details.

Pictus_512K Microcontroller Reference Manual, Rev. 6

144

Freescale Semiconductor




NOTE

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

Table 53. ME_STOPO0_MC field descriptions

Field

Description

PDO

I/0 output power-down control — This bit controls the output power-down of I/Os.

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

1 In SAFE/TEST modes, outputs of pads are forced to high impedance state. The inputs are level
unchanged.

MVRON

Main voltage regulator control — This bit specifies whether main voltage regulator is switched off
or not while entering this mode.

0 Main voltage regulator is switched off.

1 Main voltage regulator is switched on.

DFLAON

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

00 Reserved.

01 Data flash is in power-down mode.

10 Data flash is in low-power mode.

11 Data flash is in normal mode.

CFLAON

Code flash power-down control — This bit specifies the operating mode of the code 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.

PLL1ON

Secondary PLL control
0 Secondary PLL is switched off.
1 Secondary PLL is switched on.

PLLOON

System PLL control
0 System PLL is switched off.
1 System PLL is switched on.

XOSCOON

XOSC control
0 XOSC is switched off.
1 XOSC is switched on.
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Table 53. ME_STOPO0_MC field descriptions (continued)

Field Description

16 MHz_IRCON [ IRC control
0 IRC is switched off.
1 IRC is switched on

SYSCLK System clock switch control — These bits specify the s. ystem clock to be used by the system.
0000 IRC

0001 reserved

0010 XOSC

0011 reserved

0100 System PLL

0101 Secondary (120 MHz) PLL
0110 reserved

0111 reserved

1000 reserved

1001 reserved

1010 reserved

1011 reserved

1100 reserved

1101 reserved

1110 reserved

1111 system clock is disabled.

6.3.3.15 Peripheral Status register 0 (ME_PSO0)

Address: Base + 0x0060 Access: User read, Supervisor read, Test read
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0 0 0 0 0 0 0 0 3 3 8 3 0 0 0 0
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W

o
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Reset 0 0 0 0 0 0 0 0 0 0 0
Figure 63. Peripheral Status register 0 (ME_PS0)

This register provides the status of the peripherals. Please refer to Table 54 for details.
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6.3.3.16  Peripheral Status register 1 (ME_PS1)

Address: Base + 0x0064

0

1

Access: User read, Supervisor read, Test read
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-
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This register provides the status of the peripherals. Please refer to Table 54 for details.

6.3.3.17 Peripheral Status register 2 (ME_PS2)

Address: Base + 0x0068

Figure 64. 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
R E‘ %
0 0 0 = 0 0 0 0 0 2] 0 0 0 0 0 0
o 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 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

This register provides the status of the peripherals. Please refer to Table 54 for details.

Figure 65. Peripheral Status register 2 (ME_PS2)
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Table 54. ME_PSO0...4 field descriptions

Field Description

S_<periph> | 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.

6.3.3.18 Run Peripheral Configuration registers (ME_RUN_PCO...7)

Address: Base + 0x0080 (ME_RUN_PCO) Base + 0x0090 (ME_RUN_PCO)
Base + 0x0084 (ME_RUN_PC1) Base + 0x0094 (ME_RUN_PC1) Access:
Base + 0x0088 (ME_RUN_PC2) Base + 0x0098 (ME_RUN_PC2) User read, Supervisor read/write,
Base + 0x008C (ME_RUN_PC3) Base + 0x009C (ME_RUN_PC3) Test read/write
0 1 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
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 I
0 0 0 0 0 0 0 0 2 g > = % L b @
=) =) -] -] o < L o
o o o o a %) =
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 66. Run Peripheral Configuration registers (ME_RUN_PCO0...7)

These registers configure eight different types of peripheral behavior during run modes.
Table 55. ME_RUN_PCO...7 field descriptions

Field Description

RUN3 Peripheral control during RUN3
0 Peripheral is frozen with clock gated.
1 Peripheral is active.

RUN2 Peripheral control during RUN2
0 Peripheral is frozen with clock gated.
1 Peripheral is active.

RUN1 Peripheral control during RUN1
0 Peripheral is frozen with clock gated.
1 Peripheral is active.

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

DRUN Peripheral control during DRUN
0 Peripheral is frozen with clock gated.
1 Peripheral is active.

SAFE Peripheral control during SAFE
0 Peripheral is frozen with clock gated.
1 Peripheral is active.
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Table 55. ME_RUN_PCO...7 field descriptions (continued)

Field Description
TEST Peripheral control during TEST
0 Peripheral is frozen with clock gated.
1 Peripheral is active.
RESET Peripheral control during RESET
0 Peripheral is frozen with clock gated.
1 Peripheral is active.

6.3.3.19 Low-Power Peripheral Configuration registers (ME_LP_PCO...7)

Address: Base + 0x00A0 (ME_LP_PCO0) Base + 0x00B0 (ME_LP_PCO0)
Base + 0x00A4 (ME_LP_PC1) Base + 0x00B4 (ME_LP_PC1) Access:
Base + 0x00A8 (ME_LP_PC2) Base + 0x00B8 (ME_LP_PC2) User read, Supervisor read/write,
Base + 0x00AC (ME_LP_PC3)  Base + 0x00BC (ME_LP_PC3) Test read/write
0 1 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
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 3
Rl O 0 0 0 0 ?5 0 E 0 0 0 0 0 0 0 0
Reset 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 67. Low-Power Peripheral Configuration registers (ME_LP_PCO...7)

These registers configure eight different types of peripheral behavior during non-run modes.
Table 56. ME_LP_PCO...7 field descriptions

Field Description
STOPO Peripheral control during STOPO
0 Peripheral is frozen with clock gated.
1 Peripheral is active.
HALTO Peripheral control during HALTO
0 Peripheral is frozen with clock gated.
1 Peripheral is active.

6.3.3.20 Peripheral Control registers (ME_PCTLO...143)

These registers select the configurations during run and non-run modes for each peripheral.
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Address: See Table 44 for list of

implemented registers. Access: User read, Supervisor read/write, Test read/write
0 1 2 3 ‘ 4 5 6 7
R 0
W DBG_F LP_CFG RUN_CFG
Reset 0 0 0 0 \ 0 0 0 0

Figure 68. Peripheral Control registers (ME_PCTLO...143)

Table 57. ME_PCTLO...143 field descriptions

Field Description

DBG_F 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.

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.

LP_CFG | 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_PCS3 configuration.

100 Selects ME_LP_PC4 configuration.

101 Selects ME_LP_PC5 configuration.

110 Selects ME_LP_PCB6 configuration.

111 Selects ME_LP_PC7 configuration.

RUN_CFG | 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_PC5 configuration.

110 Selects ME_RUN_PCS6 configuration.

111 Selects ME_RUN_PC7 configuration.

6.4 Functional description

6.4.1 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 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:
» The first time with the value of the key (0Ox5AFO0) into the KEY bit field and the required target
mode into the TARGET_MODE bit field

» the second time with the inverted value of the key (0XA50F) into the KEY bit field and the required
target mode into the TARGET_MODE bit field.
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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
refer to Section 6.4.5, “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.

SYSTEM MODES

software
request

non-recoverable
failure

software

request

recoverable
hardware
failure

T

USER MODES

Figure 69. ME mode diagram

6.4.2 Mode details

6.4.2.1 RESET mode

The device enters this mode whenever the system reset is asserted by the MC_RGM. Transition to this

mode is instantaneous, and the system remains in this mode until the reset sequence is finished.
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6.4.2.2 DRUN mode

The device enters this mode on the following events:
» 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 0b0011

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 IRC as the
system clock.

This mode is intended to be used by software to initialize all registers as per the system needs.

NOTE

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.

6.4.2.3 SAFE mode

The device enters this mode on the following events:

e From DRUN, RUNO...3, or TEST mode when the TARGET_MODE bit field of the ME_MCTL
register is written with 0b0011

* From any mode except RESET due to a SAFE mode request generated by the MC_RGM because
of some hardware failure in the system (see Chapter 8, “Reset Generation Module (RGM)” 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 IRC is selected as the system clock.

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.

NOTE

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.
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This mode is intended to be used by software 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
ME_SAFE_MC[PDOY] bit should be set. The input levels remain unchanged.

6.4.2.4 TEST mode

The device enters this mode from the DRUN mode when the ME_MCTL[TARGET_MODE] bit field is
written with Ob0001.

As soon as this event occurs, 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 0b1111, 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 to execute on-chip test routines.

NOTE

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.

6.4.2.5 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 0b0100...0111

* From the HALTO mode when an interrupt event occurs
* From the STOPO mode when an interrupt or wakeup event occurs

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 to execute application routines.

NOTE
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.
6.4.2.6 HALTO mode

The device enters this mode from one of the RUNO...3 modes when the TARGET_MODE bit field of the
ME_MCTL register is written with 0b1000.
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As soon as this occurs, a HALTO mode transition request is generated. The mode configuration
information for this mode is provided by ME_HALTO_MC register. This mode is quite configurable, and
the ME_HALTO_MC register should be programmed according to the system needs. The flashes can be
put in power-down mode as needed. If there is a HALTO 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
» The core clock frozen
* Only a few peripherals running

and to be used by software 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).

6.4.2.7 STOPO mode

The device enters this mode from one of the RUNO...3 modes when the TARGET_MODE bit field of the
ME_MCTL register is written with 0b1010.

As soon as this occurs, a STOPO mode transition request is generated. The mode configuration information
for this mode is provided by the ME_STOPO_MC register. This mode is fully configurable, and the
ME_STOPO_MC register should be programmed according to the system needs. The PLLO is switched off
in this mode. The flashes can be put in power-down mode as needed. If there is a STOPO 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

* The core clock frozen

» Almost all peripherals stopped

and to be used by software to wait until it is required to do something with no need to react quickly (e.g.,
allow for the system clock source to be re-started).

This mode can be used to stop all clock sources, thus preserving the device status. When exiting the STOPO
mode, the IRC clock is selected as the system clock until the target clock is available.

6.4.3 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.
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6.4.3.1 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. Refer to Section 6.4.5, “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 ME is kept in the RESET mode during the entire reset sequence.

The SAFE mode request has the next highest priority (after reset) that 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 can occur in any mode.

6.4.3.2 Target mode configuration loading

On completion of the target mode request (see Section 6.4.3.1, “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.

An overview of resource control possibilities for each mode is shown in Table 58. A “V* indicates that a
given resource is configurable for a given mode.

Table 58. ME resource control overview

Mode
Resource
RESET TEST SAFE DRUN RUNO...3 HALTO STOPO

16 MHz_IRC v v v
on on on on on on on
XOSCO v v v v v
off off off off off off off

PLLO v v v v
off off off off off off off
PLLA1 J J J N N
off off off off off off off
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Table 58. ME resource control overview (continued)

Mode
Resource
RESET TEST SAFE DRUN RUNO...3 HALTO STOPO
CFLASH ~ N N N N
normal normal normal normal normal low-power power-
down
DFLASH ~ N N N N
normal normal normal normal normal low-power power-
down
MVREG V V
on on on on on on on
PDO v v v
off off on off off off off
6.4.3.3 Peripheral clocks disable

On completion of the target mode request (see Section 6.4.3.1, “Target mode request”), the ME requests
each peripheral to enter its stop mode when the peripheral is configured to be disabled via the target mode,
the peripheral configuration registers ME_RUN_PCO0...7 and ME_LP_PCO0...7, and the peripheral control
registers ME_PCTLDO...143.

Each peripheral acknowledges its stop mode request after closing its internal activity. The ME then
disables the corresponding clock(s) to this peripheral.

In the case of a SAFE mode transition request, the 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 refer to Section 6.4.6, “Peripheral clock gating for more details.

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.

6.4.3.4

If, on completion of the peripheral clocks disable (see Section 6.4.3.3, “Peripheral clocks disable), the
mode transition is to the HALTO mode, the ME requests the processor to enter its halted state. The
processor acknowledges its halt state request after completing all outstanding bus transactions.

Processor low-power mode entry

If, on completion of the peripheral clocks disable (see Section 6.4.3.3, “Peripheral clocks disable), the
mode transition is to the STOPO mode, the ME requests the processor to enter its stopped state. The
processor acknowledges its stop state request after completing all outstanding bus transactions.
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6.4.3.5 Processor and system memory clock disable

If, on completion of the processor low-power mode entry (see Section 6.4.3.4, “Processor low-power
mode entry), the mode transition is to the HALTO or STOPO mode and the processor is in its appropriate
halted or stopped state, the 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.
WARNING

Clocks to the whole device including the processor and system memories
can be disabled in TEST mode.

6.4.3.6 Clock sources switch-on

On completion of the processor low-power mode entry (see Section 6.4.3.4, “Processor low-power mode
entry), the 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:

« IRC
+ XOSC
» Secondary PLL

NOTE

The system PLLneeds the main voltage regulator to be stable. Therefore, it
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 that 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.

6.4.3.7 Flash modules switch-on

On completion of the 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 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.

6.4.3.8 PLLO switch-on

On completion of the clock sources switch-on and main voltage regulator switch-on, if the PLLO is to be
switched on from the off state based on the PLLOON bit of the ME_<current mode>_MC and
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ME_<target mode>_MC registers, the ME requests the PLLO digital interface to start the phase locking
process and waits for the PLLO to enter into the locked state. When the PLLO enters the locked state and
starts providing a stable output clock, the ME_GS[S_PLLO] bit is set.

6.4.3.9 Pad outputs on

On completion of the main voltage regulator switch, if the ME_<target mode>_MC[PDOQ] bit is cleared,
then

» All pad outputs are enabled to return to their previous state

» The I/O pads power sequence driver is switched on

6.4.3.10 Peripheral clocks enable

Based on the current and target device modes, the peripheral configuration registers ME_RUN_PCO...7,
ME_LP_PCO...7, and the peripheral control registers ME_PCTLO...143, the ME enables the clocks for

selected modules as required. This step is executed only after the main voltage regulator switch-on process
is completed.

6.4.3.11 Processor and memory clock enable

If the mode transition is from any of the low-power modes HALTO orSTOPO to RUNO...3, the clocks to
the processor and system memories are enabled. The process of enabling these clocks is executed only
after the flash modules switch-on (see Section 6.4.3.7, “Flash modules switch-on) process is completed.

6.4.3.12 Processor low-power mode exit

If the mode transition is from any of the low-power modes HALTOor STOPO to RUNO...3, the ME
requests the processor to exit from its halted or stopped state. This step is executed only after the processor
and memory clock enable (see Section 6.4.3.11, “Processor and memory clock enable) process is
completed.

6.4.3.13 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 IRC is effective only when the ME_GS[S_16 MHz_IRC] bit
is set by hardware (i.e., the IRC has stabilized).
» The target clock configuration for the XOSC is effective only when the ME_GS[S_XOSCO0] bit is
set by hardware (i.e., the XOSC has stabilized).
» The target clock configuration for the system PLL is effective only when the ME_GS[S_PLLO0] bit
is set by hardware (i.e., the System PLL has stabilized).

» The target clock configuration for the Secondary (120 MHz) PLL is effective only when the
ME_GS[S_PLL1] bit is set by hardware (i.e., the secondary PLL has stabilized).

Pictus_512K Microcontroller Reference Manual, Rev. 6

158 Freescale Semiconductor



» If the clock is to be disabled, the SYSCLK bit field should be programmed with 0b1111. This is
possible only in the TEST mode.

The current system clock configuration can be observed by reading the ME_GS[S_SYSCLK] bit field,
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 following events occur:

» The clock sources switch-on process has completed if the target system clock source needs to be
switched on (see Section 6.4.3.6, “Clock sources switch-on)

» The FMPLL_O0 switch-on process has completed if the target system clock is the system PLL (see
“Section 6.4.3.8, “PLLO switch-on)

» The peripheral clocks disable process is completed in order not to change the system clock
frequency before peripherals close their internal activities (see Section 6.4.3.3, “Peripheral clocks
disable)

An overview of system clock source selection possibilities for each mode is shown in Table 59. A “\
indicates that a given clock source is selectable for a given mode.

Table 59. ME system clock selection overview

System Clock Mode
Source
RESET TEST SAFE DRUN RUNO...3 HALTO STOPO
IRC N v V N v v v
(default) (default) (default) (default) (default) (default) (default)
XOSC v v V v v
System PLL N N} N N
Secondary (120 S S \/ S S
MHz) PLL
System clock is N N
disabled
NOTES:

1

Disabling the system clock during TEST mode will require a reset in order to exit TEST mode

6.4.3.14 Pad switch-off

If the ME_<target mode>_ MC[PDO] bit = 1, then the outputs of the pads are forced to the high impedance
state if the target mode is SAFE or TEST.

This step is executed only after the peripheral clocks disable process is completed (see Section 6.4.3.3,
“Peripheral clocks disable).

6.4.3.15 PLLO switch-off

Based on the PLLOON bit of the ME_<current mode>_MC and ME_<target mode>_MC registers, if
PLLO is to be switched off, the ME requests the PLLO to power down and updates its availability status bit
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S _PLLO of the ME_GS register to 0. This step is executed only after the system clock switching process
is completed (see Section 6.4.3.13, “System clock switching).

6.4.3.16 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 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

» System clock switching (see Section 6.4.3.13, “System clock switching) process is completed in
order not to lose the current system clock during mode transition.

* FMPLL_O switch-off (see Section 6.4.3.15, “PLLO switch-off) as the input reference clock of the
PLLO can be among these clock sources. This is needed to prevent an unwanted lock transition
when the PLLO is switched on.

6.4.3.17 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 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 processor and system memory
clock disable (see Section 6.4.3.5, “Processor and system memory clock disable) process is completed.

6.4.3.18 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:

» All the updated status bits in the ME_GS register match the configuration specified in the
ME_<target mode>_MC register

» Power sequences are done
» Clock disable/enable process is finished
» Processor low-power mode (halt/stop) entry and exit processes are finished
Software can monitor the mode transition status by reading the ME_GS[S_MTRANS] bit. 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.
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Figure 70. ME transition diagram
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6.4.4 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.

* 16 MHz_IRC must be on if the system clock is one the following:
— IRC

*  XOSCO must be on if the system clock is one of the following:
— XOSC

NOTE
Software must ensure to switch on the clock source that provides the input
reference clock to the PLLO. There is no automatic protection mechanism to
check this in the ME.
* PLLO must be on if the system clock is the System PLL.
* PLL1 must be on if the system clock is the Secondary (120 MHz) PLL.
» Configuration 0b00 for the CFLAON and DFLAON bit fields are reserved.
» System clock configurations marked as ‘reserved’ may not be selected.
» Configuration Ob1111 for the SYSCLK bit field is allowed only for TEST mode, and only in this
case may all system clock sources be turned off.
WARNING

If the system clock is stopped during TEST mode, the device can exit only
via a system reset.

6.4.5 Mode transition interrupts

The following are the three interrupts related to mode transition implemented in the ME.

6.4.5.1 Invalid mode configuration interrupt

Whenever a write operation is attempted to the ME_<mode>_MC registers that violates the protection
rules mentioned in Section 6.4.4, “Protection of mode configuration registers” the interrupt pending bit
I_ICONF of the ME_IS register is set and an interrupt request is generated if the mask bit
ME_IM[M_ICONF] = 1.

6.4.5.2 Invalid mode transition interrupt

The mode transition request is considered invalid under the following conditions:

» If the 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 If the 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.

Pictus_512K Microcontroller Reference Manual, Rev. 6

162 Freescale Semiconductor



When such a non-existing mode is requested, the ME_IMTS[S_NMA] bit is set. This condition is
detected regardless of whether the proper key mechanism is followed while writing the
ME_MCTL register.

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
ME_IMTS[S_DMA] bit is set. This condition is detected regardless of whether the proper key
mechanism is followed while writing the ME_MCTL register.

If the target mode is not a valid mode with respect to current mode, the mode request illegal status
bit ME_IMTS[S_MRI] 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.

If further new mode requests occur while a mode transition is in progress
(ME_GS[S_MTRANS] = 1), the mode transition illegal status bit ME_IMTS[S_MT]I] 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.

NOTE

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 lowest is 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:

A new request is allowed to enter the RESET or SAFE mode irrespective of the mode transition
status.

As the exit of HALTO0 and STOPO 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.

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.

Self-transition requests (e.g., RUNO — RUNQO) are not considered as invalid even when the mode
transition process is active (i.e., S_ MTRANS = 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. Its not possible to request any other mode or to go
back to the low-power mode again.
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NOTE

If software requests to change to the SAFE or RESET mode and then
reguests 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 or RESET before requesting another mode
change.

Whenever an invalid mode request is detected, the interrupt pending bit ME_IS[I_IMODE] is set, and an
interrupt request is generated if the mask bit ME_IM[M_IMODE] = 1.

6.4.5.3 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 ME_IS[I_SAFE] is set, and an interrupt is generated if the
mask bit ME_IM[M_SAFE] = 1.

The SAFE mode interrupt pending bit can be cleared only when the SAFE mode request is deasserted by
the MC_RGM (see the Chapter 8, “Reset Generation Module (RGM)” 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).

6.4.5.4 Mode transition complete interrupt

Whenever the system completes a mode transition fully (the ME_IS[S_MTRANS] bit transitions from

1 to 0), the interrupt pending bit ME_IS[I_MTC] is set, and interrupt request is generated if the mask bit
ME_IM[M_MTC] = 1. The interrupt bit _MTC is not set when entering low-power modes HALTO and
STOPO in order to avoid the same event requesting the exit of these low-power modes.

6.4.6 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_PCO...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 that 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_PCO...7 are chosen only during the low-power
modes HALTO and STOPO. All configurations are programmable by software according to the needs of
the application. Each configuration register contains a mode bit that 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.
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Any modifications to the ME_RUN_PCO0...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:

» Theclock 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_PCO...7, ME_LP_PCO...7, and ME_PCTLO...143 registers
during a debug session will take affect immediately without requiring any new mode request.

6.4.7 Application example

Figure 71 shows an example application flow for requesting a mode change and then waiting until the
mode transition has completed.
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< START of mode change >
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config N
for target mode
okay?

Y write ME_<target mode>_MC,
ME_RUN_PCO...7, ME_LP_PCO...7,
and ME_PCTLO...143 registers

-
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Y

write ME_MCTL with target mode
and key
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write ME_MCTL with target mode
and inverted key
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write ME_MCTL with current or
SAFE mode and inverted key

Figure 71. ME application example flow diagram
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Chapter 7 Power Control Unit (PCU)

7.1 Introduction
This chapter describes the Power Control Unit (PCU).

The power control unit (PCU) is used to reduce the overall device power consumption. Power can be saved
by disconnecting parts of the device from the power supply via a power switching device. The modules on
the device are grouped into sections called power domains.

When a power domain is disconnected from the supply, the power consumption is reduced to zero in that
domain. Any status information of such a power domain is lost. When re-connecting a power domain to
the supply voltage, the domain draws an increased current until the power domain reaches its operational
voltage.

Power domains are controlled on a device mode basis. For each mode, software can configure whether a
power domain is connected to the supply voltage (power-up state) or disconnected (power-down state).

On each mode change request, the PCU evaluates the power domain settings in the power domain
configuration registers and initiates a power-down or a power-up sequence for each individual power
domain. The power-up/down sequences are handled by finite state machines to ensure a smooth and safe
transition from one power state to the other.

The power control unit (PCU) acts as a bridge for mapping the VREG peripheral to the PCU address space.

PCU

ME

A
\

Registers

RC Platform Interface

A

> core

Power Domain
VREG -< State Machines

(0]
power g —— WKPU
domains 5
£
o
=)
e}
o
= d
3 «—»| Mappe
Q peripheral
[oR
©
=

Figure 7-1. PCU block diagram
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711 Features

The PCU includes the following features:
» support for as many as 16 power domains consisting of one or more of the following:

— Standard logic

— State-retention logic

— Memories

» Support for device modes RESET, DRUN, SAFE, TEST, RUNO...3, HALTO, and STOPO (for
more mode details, see Chapter 6, “Mode Entry Module (ME))

» Power state updating on each mode change and on system wakeup
» Handshake mechanism for power state changes thus guaranteeing operable voltage
» Maps the mapped peripheral registers to the PCU address space

7.1.2 Modes of operation

The PCU is available in all device modes.

7.2 External signal description

The PCU has no connections to any external pins.

7.3 Memory map and register definition

7.3.1 Memory map

Table 7-1. PCU memory map

Offset from

PCU_BASE Register Location
(0xC3FE_8000)
0x0000 PCU_PCONF0—Power Domain #0 Configuration register on page 170
0x0004—-0x003F | Reserved
0x0040 PCU_PSTAT—Power Domain Status register on page 171

0x0044-0x007F

Reserved

0x0080

VREG_CTL—Voltage Regulator Control register

on page 1025

0x0084

VREG_STATUS—Voltage Regulator Status register

on page 1026

0x0088—-0x3FFC

Reserved

NOTE

Accesses to unused registers as well as write accesses to read-only registers
do not change register content, and can cause a transfer error.
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Table 7-2. PCU registers

o | 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
0xC3FE_8000 | PCU_PCONF 0 0 0 0 ojo0o|jo|jO0O|0O|O]O 0 0 0 0 0
0
o 1 O mla|lr|lo |z |w| K
o
Rlo[o|@|o|o[5|0|2|5(5(5|3|2|% |48
e b TlE|E|lE|E | |w |F | X
W
0xC3FE_8040 | PCU_PSTAT |R| O 0 0 0 ojo0o|jo|jO0O|0O|O]O 0 0 0 0 0
W
ROOOOOOOOOOOOOOO§
W
0xC3FE_8044
reserved
0xC3FE_807C
0xC3FE_8080 VREG_CTL1 R| O 0 0 0 oj0|jO0|jO0O|J0O|0O]O 0 0 0 0 0
R| O 0 0 0 ojojoj1j0f(0]O0 0 0 0 0 %f)
<
=
o)
w e
>
To]
OXC3FE_8084 | VREG_STATUS?| R| 0 0 0 0O|O0|O|O]|]O|O|O|O]| O 0 0 0 0
)
D
<
R| O 0 0 0 ojojo|j1|j0|0]O0 0 0 0 0 2
=
>
o]
W
0xC3FE_8088
O0xC3FE_BFF reserved
C

! See Section 35.1.4.1, “Voltage Regulator Control Register (VREG_CTL).
2 See Section 35.1.4.2, “Voltage Regulator Status register (VREG_STATUS).
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7.3.2

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 PDO field of the PCU_PSTAT register may be accessed as a word
at address OXC3FE_8040, as a half-word at address OXC3FE_8042, or as a byte at address OxC3FE_8043.

7.3.21

Address: Base + 0x0000

Reset

R

W
Reset

Power Domain #0 Configuration register (PCU_PCONFO0)

Access: User read-only, Supervisor read-only, Test read-only

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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
0 0 STOBY 0 0 ST(?P 0 H/?)LT RUN3|RUN2 |RUN1|RUNO | DRUN|SAFE|TEST| RST
0 0 1 0 0 1 0 1 1 1 1 1 1 1 1 1

Figure 7-2. Power Domain #0 Configuration register (PCU_PCONFO0)

This register defines for power domain #0 whether it is on or off in each device mode. As power domain
#0 is the always-on power domain (and includes the PCU), none of its bits are programmable. This register
is available for completeness reasons.

Table 7-3. PCU_PCONFO field descriptions

Field

Description

RST

Power domain control during RESET mode
0 Power domain off.
1 Power domain on.

TEST

Power domain control during TEST mode
0 Power domain off.
1 Power domain on.

SAFE

Power domain control during SAFE mode
0 Power domain off.
1 Power domain on.

DRUN

Power domain control during DRUN mode
0 Power domain off.
1 Power domain on.

RUNO

Power domain control during RUNO mode
0 Power domain off.
1 Power domain on.

RUN1

Power domain control during RUN1 mode
0 Power domain off.
1 Power domain on.

MPC5604P Microcontroller Reference Manual, Rev. 6

170

Freescale Semiconductor




Table 7-3. PCU_PCONFO field descriptions (continued)

Field Description

RUN2 | Power domain control during RUN2 mode
0 Power domain off.
1 Power domain on.

RUNS | Power domain control during RUN3 mode
0 Power domain off.
1 Power domain on.

HALTO | Power domain control during HALTO mode
0 Power domain off.
1 Power domain on.

STOPO | Power domain control during STOPO mode
0 Power domain off.
1 Power domain on.

STBYO |Power domain control during STANDBYO mode
0 Power domain off.
1 Power domain on.

7.3.2.2 Power Domain Status register (PCU_PSTAT)

Address: Base + 0x0004 Access: User read-only, Supervisor read-only, Test read-only

1 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 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|PD15|PD14|PD13|PD12|PD11|PD10| PD9 | PD8 | PD7 | PD6 | PD5 | PD4 | PD3 | PD2 | PD1 | PDO

Reset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Figure 7-3. Power Domain Status register (PCU_PSTAT)

This register reflects the power status of all available power domains.
Table 7-4. PCU_PSTAT field descriptions

Field Description

PDn Power status for power domain #n
0 Power domain is inoperable.
1 Power domain is operable.
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7.4 Functional description

7.4.1 General

The PCU controls all available power domains on a device mode basis. The PCU_PCONFn registers
specify during which system/user modes a power domain is powered up. The power state for each
individual power domain is reflected by the bits in the PCU_PSTAT register.

On a mode change, the PCU evaluates which power domain(s) must change power state. The power state
is controlled by a state machine (FSM) for each individual power domain, which ensures a clean and safe
state transition.

7.4.2 Reset / Power-on reset

After any reset, the MPC5604P device transitions to the RESET mode, during which all power domains
are powered up (see the Chapter 6, “Mode Entry Module (ME)). Once the reset sequence has been
completed, the DRUN mode is entered and software can begin the PCU configuration.

7.4.3 PCU configuration

Per default, all power domains are powered in all modes other than STANDBY 0. Software can change the
configuration for each power domain on a mode basis by programming the PCU_PCONFn registers.

Each power domain which is powered down is held in a reset state. Read/write accesses to peripherals in
those power domains will result in a transfer error.

7.4.4 Mode transitions

On a mode change requested by the ME, the PCU evaluates the power configurations for all power
domains. It compares the settings in the PCU_PCONFn registers for the new mode with the settings for
the current mode. If the configuration for a power domain differs between the modes, a power state change
request is generated. These requests are handled by a finite state machine to ensure a smooth and safe
transition from one power state to another.

7.4.41 DRUN, SAFE, TEST, RUNO...3, HALTO, and STOPO mode transition

The DRUN, SAFE, TEST, RUNO...3, HALTO, and STOPO modes allow an increased power saving. The
level of power saving is software-controllable via the settings in the PCU_PCONFn registers for power
domain #2 onwards. The settings for power domains #0 and #1 can not be changed. Therefore, power
domains #0 and #1 remain connected to the power supply for all modes beside STANDBYO.

Figure 7-4 shows an example for a mode transition from RUNO to HALTO and back, which will result in
power domain #2 being powered down during the HALTO mode. In this case, PCU_PCONF2[HALTO0] is
cleared.
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When the PCU receives the mode change request to HALTO mode, it starts its power-down phase. During
the power-down phase, clocks are disabled and the reset is asserted resulting in a loss of all information
for this power domain.

Then the power domain is disconnected from the power supply (power-down state).

new mode
requested by ME __ RUNO_ X HALTO X RuNo
PSTAT.PD2 \ /
voltage in

power domain #2

current mode RUNO >< HALTO >< RUNO
N R N - M—A—\/‘
power-up state power-down power-down state power-up phase power-up stai
Notes: phase

Not drawn to scale; PCONF2[RUNO] = 1; PCONF2[HALTO] = 0

Figure 7-4. PCU events during power sequences

When the PCU receives a mode change request to RUNO, it starts its power-up phase if
PCU_PCONF2[RUNO] = 1. The power domain is re-connected to the power supply, and the voltage in
power domain #2 will increase slowly. Once the voltage of power domain #2 is within an operable range,
its clocks are enabled, and its resets are deasserted (power-up state).

NOTE

It is possible that, due to a mode change, power-up is requested before a
power domain completed its power-down sequence. In this case, the
information in that power domain is lost.

7.4.5 Power domain control state machine

The MC_PCU controls the power cells (isolation cells, switches, etc.) for each power domain. Each power
domain has its own finite state machine (FSM) in the MC_PCU. The internal structure of each state
machine is the same and is described in Figure 7-5. The state machine is divided into three phases: idle,
power-down, and power-up.

Unless otherwise noted, the term “power domain” refers to the power domain controlled by this FSM.
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ipg_hard_async_reset_dest_b

IDLE PHASE

STANDBYO request e L i L
mode change requiring power-down ipe_iso_active[n] ==
DISABLE_
CLOCKS abort
power-down'’

ipg_stop_ack_pd[n] = 1

abort
power-down

1

ipe_iso_active[n] = 1

SW_HOHM_
CLOSE

SW_OPEN
abort

power-down

ipe_switch_ closed[n] = main_Ilvd ==

PWR_DOWN

ipg_hard_async_reset_b =0
wakeup = 1 during STANDBYO

mode change requiring power-up

POWER-DOWN PHASE POWER-UP PHASE

Figure 7-5. PCU state machine for one power domain

1. 'See Section 7.4.5.2.5, “Aborting power-down for details on when a power-down is aborted
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7.4.51 Idle phase

During the idle phase, the power domain is fully powered, and the peripherals residing in that power
domain are operational. The state for this phase and the conditions for transitioning to and from this state
are described below.

7.451.1 IDLE state

This state is entered from any state on a destructive reset, via the assertion of
ipg_hard_async_reset_dest_b, on exit from ITFUNLOCK, or on a power-down abort from
DISABLE_CLOCKS. The state machine exits IDLE and enters DISABLE_CLOCKS on one of the
following events:

* The ME indicates a change to a new mode during which requires the power domain to be
powered-down
During this state, the power domain is fully powered. In the case of power domain #0, the MC_PCU
requests one of the following:

» The 16 MHz internal RC oscillator to be disabled by asserting rc_disable (the ME can override
the 16 MHz internal RC oscillator control directly)

» The high-power voltage regulator to be disabled based on configuration data from the ME by
passing the high_power_vreg_dis_me value to high_power_vreg_dis

7.4.5.2 Power-down phase

During the power-down phase, the power domain is powered down in the following order:
1. Disable the clocks for all peripherals residing in the power domain.
2. Lock the interface between the power domain and other power domains to a fixed state.
3. Disconnect the power domain from the main power supply.

The states for this sequence and the conditions for transitioning to and from these states are described
below.

7.4.5.2.1 DISABLE_CLOCKS state

This state is entered on exit from IDLE. The state machine exits DISABLE_CLOCKS and either

* Enters ITFLOCK on the completion of peripheral clock disabling, indicated by the assertion of
ipg_stop_ack_pd[n], or

» Enters IDLE on a power-down abort (see Section 7.4.5.2.5, “Aborting power-down).
During this state, the MC_PCU requests
* The ME to disable the clocks to all peripherals residing in the power domain by asserting
ipg_stop_pd[n]

* Inthe case of power domain #0, the 16 MHz internal RC oscillator to be enabled by deasserting
rc_disable

* Inthe case of power domain #0, the high-power voltage regulator to be enabled by deasserting
high_power_vreg_dis
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7.4.5.2.2 ITFLOCK state

This state is entered on exit from DISABLE_CLOCKS. The state machine exits ITFLOCK and either

» Enters SW_OPEN on the completion of isolation cell activation, indicated by the assertion of
ipe_iso_active[n], or
» Enters ITFUNLOCK on a power-down abort (see Section 7.4.5.2.5, “Aborting power-down).
NOTE
In the case of power domain #0, the minimum duration of ITFLOCK before
transitioning to SW_OPEN is DELAY_ST_TR ipg_clk_p cycles.

During this state, the MC_PCU requests all isolation cells associated with the power domain to be
activated by asserting ipe_iso[n].

7.4.5.2.3 SW_OPEN state

This state is entered on exit from ITFLOCK. The state machine exits SW_OPEN and either
» Enters PWR_DOWN on the completion of power gate opening, indicated by the assertion of
ipe_switch_closed[n], or
* Enters SW_HOHM_CLOSE on a power-down abort (see Section 7.4.5.2.5, “Aborting
power-down).
NOTE
In the case of power domain #0, the minimum duration of
ITFLOCK + SW_OPEN before transitioning to PWR_DOWN s
DELAY_END_TRipg_clk p cycles.
During this state, the MC_PCU requests

» All power gates connecting the power domain to the main power supply to be opened by
deasserting ipe_switch_b[n] and ipe_short_b[n]
» All embedded memories in the power domain to exit full-power mode by asserting ipe_pd[n]
NOTE

In the case of power domain #0, ipe_pd[0] is asserted when entering STOPO
mode and ipg_clk_sys_en has been deasserted. This may occur before
entering the SW_OPEN state.

* Inthe case of power domain #0, the main low-voltage detector to be disabled by asserting
main_lvd_dis
74.5.24 PWR_DOWN state

This state is entered on exit from SW_OPEN. The state machine exits PWR_DOWN and enters PWR_UP
on any of the following events:

» A PHASES3 reset via the assertion of the ipg_hard_async_reset_b input

* A mode change request during one of the non-powered-down states requiring a power-up
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During this state, the MC_PCU requests
» All embedded memories in the power domain to enter low-power mode by asserting
ipe_pd_mode[n]
NOTE

In the case of power domain #0, ipe_pd_mode[0] is asserted when entering
STOPO mode and ipg_clk_sys_en has been deasserted. This may occur
before entering the PWR_DOWN state.

* Inthe case of power domain #0, the 16 MHz internal RC oscillator to be disabled based on
configuration data from the ME by passing the captured value of rc_disable_from_me to rc_disable

* Inthe case of power domain #0, the high- and low-power voltage regulators to be disabled by
asserting high_power_vreg_dis and low_power_vreg_dis

7.4.5.2.5 Aborting power-down

The power-down phase is immediately terminated and the power-up phase entered at the appropriate state
in the case of one of the following events:
» A PHASES reset via the assertion of the ipg_hard_async_reset_b input
* A mode change request during one of the non-powered-down states requiring a power-up
NOTE
A power-down abort always has priority over other state changing events.
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STANDBYO request
mode change requiring power-down

state  DLE ) Upacws X 1TFLOCK  { sw_OPEN X PWR_DOWN
Fd A A4
power_seq_in_prog’ / / /

ipg_stop_pd[n]? { /

ipg_stop_ack_pd[n] —\ \ l

ipe_iso[n]

l power-down phase
—

ipe_iso_active[n]

ipe_switch_b[n]

ipe_voltage_ok[n] \

ipe_short_b[n]

ipe_pd[n]

ipe_switch_closed[n]

ipe_pd_mode[n] PD_MODE
main_Ivd \
for power

domain #0 only:

rc_disable

. 1
rc_disable _from_me

high_power_

high_power_vreg_dis vreg_dis_me

low_power_vreg_dis

main_lvd_dis

1power_seq_in_prog is deasserted and rc_disable asserted only when the last power domain transitions to PWR_DOWN.
2ipg_stop_pd[O] is always deasserted (i.e., power domain #0 is never powered down in a low-power mode).

Figure 7-6. PCU power-down sequence
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7.4.5.3 Power-up phase

During the power-up phase, the power domain is powered up in the following order:
1. Ensure that the main power supply voltage is sufficient.
2. Connect the power domain to the main power supply.
3. Unlock the interface between the power domain and other power domains to allow normal
communication between them.

The states for this sequence and the conditions for transitioning to and from these states are described
below.

7.4.5.3.1 PWR_UP state

This state is entered on exit from PWR_DOWN. The state machine exits PWR_UP and enters
SW_HOHM_CLOSE on confirmation that the main power supply voltage is okay, indicated by the
assertion of main_Ivd.

During this state, the MC_PCU requests

* Inthe case of power domain #0, the high- and low-power voltage regulators to be enabled by
deasserting high_power_vreg_dis and low_power_vreg_dis

» Inthe case of power domain #0, the main low-voltage detector to be enabled by deasserting
main_lvd_dis

7.4.5.3.2 SW_HOHM_CLOSE state

This state is entered either on exit from PWR_UP or on a power-down abort from SW_OPEN. The state
machine exits SW_HOHM_CLOSE and enters SW_LOHM_CLOSE on confirmation that the power
domain’s voltage is okay, indicated by the assertion of ipe_voltage ok[n].

During this state, the MC_PCU requests all power gates (in the two-stage gate, only the high-impedance
part) connecting the power domain to the main power supply to be closed by asserting ipe_switch_b[n].

7.4.5.3.3 SW_LOHM_CLOSE state

This state is entered on exit from SW_HOHM_CLOSE. The state machine exits SW_LOHM_CLOSE and
enters ITFUNLOCK on confirmation that all the power domain’s power gates have completely closed,
indicated by the assertion of ipe_switch_closed[n].

During this state, the MC_PCU requests the following:

* The low-impedance part of all two-stage power gates connecting the power domain to the main
power supply to be closed by asserting ipe_short_b[n]

» All embedded memories in the power domain to exit low-power mode by deasserting
ipe_pd_mode
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7.4.5.3.4 ITFUNLOCK state

This state is entered either on exit from SW_LOHM_CLOSE or on a power-down abort from ITFLOCK.
The state machine exits ITFUNLOCK and enters IDLE on completion of isolation cell deactivation,
indicated by the deassertion of ipe_iso_active[n].

During this state, the MC_PCU requests

» All isolation cells associated with the power domain to be deactivated by deasserting ipe_iso[n]

» All clocks to the peripherals residing in the power domain to be released for enabling by
deasserting ipg_stop_pd[n]

» All embedded memories in the power domain to enter full-power mode by deasserting ipe_pd
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ipg_hard_async_reset_b =0
wakeup = 1 during STANDBYO
mode change requiring power-up

power-down phase l power-up phase

SV, N -

state PWR_DOWN X PWR UP X Vi SEV N SULICEM A irrunLock ) IpLE
4 A A4 A
power_seq_in_prog’ / / /

ipg_stop_pd[n]? / / /

ipg_stop_ack_pd[n] I I

ipe_iso[n]

ipe_iso_active[n]

ipe_switch_b[n]

ipe_voltage_ok[n]

ipe_short_b[n]

ipe_pd[n]

ipe_switch_closed[n]

ipe_pd_mode[n] PD-MODE

main_Ivd

for power domain #0 only:

) ’ rc_disable_
rc_disable' from_me

high_power_
high_power_vreg_dis vreg_dis_me

low_power_vreg_dis

main_lvd_dis

1power_seq_in_prog is deasserted and rc_disable asserted only when the last power domain transitions to IDLE.
2ipg_stop_pd[O] is always deasserted (i.e., power domain #0 is never powered down in a low-power mode).

Figure 7-7. PCU power-up sequence
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PR 4

7.5 Initialization information

To initialize the PCU, the registers PCU_PCONF2...15 should be programmed. After programming is
done, those registers should no longer be changed.
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Chapter 8 Reset Generation Module (RGM)

8.1 Introduction

The reset generation module (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 that controls the
different phases (PHASEO, PHASE1, PHASE2, PHASE3, and IDLE) of the reset sequence and control the
reset signals generated in the system. Figure 8-1 depicts the RGM block diagram.

Power-on — » RGM
- ME
Registers
Platform Interface
Destructive Resets
* 1.2V Low Voltage Detected CGM
¢ Software Watchdog Timer
e 2.7V Low Voltage Detected (VREG) 3
e 2.7 V Low Voltage Detected (flash) B
. ' E a—
2.7 V Low Voltage Detected (I/O) £3 RSL
o)
Qo
External Reset <«———> Reset
State
Machine
Functional Resets
e JTAG-initiated Reset < > Core
» Core Reset o
* Software Reset <2
* Checkstop Reset y Qi
o FMPLL_O Fail - o
* Oscillator Frequency i
Lower than Reference
e CMUO Clock Frequency
Higher/Lower than Reference Power
* 4.5V Low Voltage Detected Domains
* Code or Data Flash Fatal Error
e FMPLL_1 Fail
e CMU1 Clock Frequency
Higher/Lower than Reference
Boot Mode —— » Bg%tp%?ge » SSCM

Figure 8-1. RGM Block Diagram
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8.2 Features

The RGM contains the functionality for the following features:
» Destructive reset 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 Chapter 6, “Mode Entry Module (ME))

» Short reset sequence configuration
» Bidirectional reset behavior configuration
* Boot mode capture on ipg_rst_external_b deassertion

NOTE

The RGM also provides test features for reset controlling. While the device
is in test mode, it is possible to directly control the reset sources, thus
avoiding unwanted reset generation, or to bypass the reset control.

8.3 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 error or dysfunction,
usually in hardware. When a destructive reset event occurs, the full reset sequence is applied to the
device starting from PHASEOQ. This resets the full device ensuring a safe start-up state for both
digital and analog modules. Destructive resets typically include:

— Power-on reset
— Low voltage detection
— Watchdog timer

» A functional reset source is associated with an event related to a less critical error or dysfunction,
usually non-hardware. When a functional reset event occurs, a partial reset sequence is applied to
the device starting from PHASELX. In this case, most digital modules are reset normally, while the
state of analog modules or specific digital modules (e.g., debug modules, flash modules) is
preserved. Functional resets are typically

— External reset

— Clock monitor failure (e.g., PLL lock, clock quality)

— Machine check

— Software reset from mode entry

— Boundary scan instructions
When a reset is triggered, the RGM state machine is activated and proceeds through the different phases
(i.e., PHASEN states). Each phase is associated with a particular device reset being provided to the system.

A phase is completed when all corresponding phase completion gates from either the system or internal to
the RGM are acknowledged. The device reset associated with the phase is then released, and the state
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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 8.5.1.4, “Destructive Event Reset Disable register (RGM_DERD), and Section 8.5.1.3,
“Functional Event Reset Disable register (RGM_FERD), and Section 8.5.1.5, “Functional Event Alternate
Request register (RGM_FEAR) for functional resets).

8.4 External signal description

Table 8-1 describes the signals that are connected to the 1/0 pad ring.

Table 8-1. RGM external signals

Signal Name

Direction | Reset value

Description

ipg_rst_external_b

in —

Active low external reset

ipg_rst_external_out out — Active high external reset output, used to assert the
external reset pad (in case of bidirectional reset)
chip_mode_in[CM_SIZE-1:0] in — Boot mode from external pin(s)

ipt_test

in —

Test mode from external test pin

The RGM interfaces to the bidirectional reset pin RESET and the boot mode PADI[4:2].

8.5 Memory map and registers description

Table 8-2 lists the registers for the RGM. Table 8-3 provides the memory map for the RGM.
Table 8-2. RGM registers

Offset from
RGM_BASE Register Location
(0xC3FE_4000)
0x0000 RGM_FES—Functional Event Status register on page 188
0x0002 RGM_DES—Destructive Event Status on page 189
0x0004 RGM_FERD—Functional Event Reset Disable on page 191
0x0006 RGM_DERD—Destructive Event Reset Disable on page 192
0x0008-0x000F | Reserved
0x0010 RGM_FEAR—Functional Event Alternate Request on page 193
0x0012-0x0017 | Reserved
0x0018 RGM_FESS—Functional Event Short Sequence on page 194
0x001A-0x001B | Reserved
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Table 8-2. RGM registers (continued)

Offset from
RGM_BASE Register Location
(0xC3FE_4000)

0x001C RGM_FBRE—Functional Bidirectional Reset Enable on page 196

0x001E—-Ox3FFF | Reserved

NOTE

Any access to unused registers as well as write accesses to read-only
registers will not change register content and can cause a transfer error.

Table 8-3. RGM memory map
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Table 8-3. RGM memory map (continued)
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8.5.1 Registers description

8.5.1.1 Functional Event Status register (RGM_FES)

Address: Base + 0x0000 Access: User read-only, Supervisor read/write, Test read/write
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R T z |5 a
T (@)
o I'|'| 3 0 7)) < |.|_| o| S = f % o
< - S | < a =3 o o @ o) o) i
W 0 0 0 g o o 7|3 g 2 | & X @ | o |5
L S o w oo S 3 w O TR YL TS
L TR LLl L
W| wic wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic | wic
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 8-2. 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 when written with 1.

Table 8-4. RGM_FES field descriptions

Field Description
F_EXR Flag for External Reset
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.

F_CMU1_FHL |Flag for CMU1 clock frequency higher/lower than reference

0 No CMUI1 clock frequency higher/lower than reference event has occurred since either the last
clear or the last destructive reset assertion.

1 A CMU1 clock frequency higher/lower than reference event has occurred.

F_PLL1 Flag for PLL1 fail

0 No PLL1 fail event has occurred since either the last clear or the last destructive reset
assertion.

1 A PLLA1 fail event has occurred.

F_FLASH Flag for code or data flash fatal error

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.

F_LVD45 Flag for 4.5 V low-voltage detected

0 No 4.5V low-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.

F_CMUO_FHL |Flag for CMUO clock frequency higher/lower than reference

0 No CMUO clock frequency higher/lower than reference event has occurred since either the last
clear or the last destructive reset assertion.

1 A CMUO clock frequency higher/lower than reference event has occurred.
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Table 8-4. RGM_FES field descriptions (continued)

Field Description

F_CMUO_OLR | Flag for oscillator frequency lower than reference

0 No oscillator frequency lower than reference event has occurred since either the last clear or
the last destructive reset assertion.

1 A oscillator frequency lower than reference event has occurred.

F_PLLO Flag for PLLO fail

0 No PLLO fail event has occurred since either the last clear or the last destructive reset
assertion.

1 A PLLO fail event has occurred.

F_CHKSTOP | Flag for checkstop reset

0 No checkstop reset event has occurred since either the last clear or the last destructive reset
assertion.

1 A checkstop reset event has occurred.

F_SOFT Flag for software reset

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.

F_CORE Flag for core reset

0 No core reset event has occurred since either the last clear or the last destructive reset
assertion.

1 A core reset event has occurred.

F_JTAG Flag for JTAG initiated reset

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.

8.5.1.2 Destructive Event Status register (RGM_DES)

Address: Base + 0x0002 Access: User read-only, Supervisor read/write, Test read/write
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Figure 8-3. Destructive Event Status register (RGM_DES)

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 when written with 1.
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Table 8-5. RGM_DES field descriptions

Field Description
F_POR Flag for Power-On reset
0 No power-on event has occurred since the last clear.
1 A power-on event has occurred.
F_LVD27_10 |Flag for 2.7 V low-voltage detected (I/O)

0 No 2.7 V low-voltage detected (I/O) event has occurred since either the last clear or the last
power-on reset assertion.
1 A 2.7 V low-voltage detected (I/O) event has occurred.

F_LvD27_FLASH

Flag for 2.7 V low-voltage detected (flash)

0 No 2.7 V low-voltage detected (flash) event has occurred since either the last clear or the last
power-on reset assertion.

1 A 2.7 V low-voltage detected (flash) event has occurred.

F_LVD27_VREG

Flag for 2.7 V low-voltage detected (VREG)

0 No 2.7 V low-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.

F_SWT Flag for software watchdog timer
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.
F_LVD12_PDO |Flag for 1.2 V low-voltage detected

0 No 1.2 V low-voltage detected event has occurred since either the last clear or the last
power-on reset assertion.
1 A 1.2V low-voltage detected event has occurred.

NOTE

The F_POR flag is automatically cleared on a 1.2 V low-voltage detected
ora 2.7 V low-voltage detected (VREG). 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 F_LVD12 PDO or F_LVD27_VREG flag is set on exiting the reset
sequence. Therefore, if the F_POR, F_LVD12 PDO or F_LVD27_VREG
flags are set on reset exit, software should interpret the reset cause as
power-on.

NOTE

In contrast to all other reset sources, the 1.2 V low-voltage detected event is
captured on its deassertion. Therefore, the status bit F_LVD12_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.
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8.5.1.3 Functional Event Reset Disable register (RGM_FERD)

Address: Base + 0x0004

Access: User read-only, Supervisor read/write, Test read/write
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Figure 8-4. 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 destructive event will trigger either a SAFE mode request or an interrupt request
(see Section 8.5.1.5, “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. Register
bits can be written only once after power-on reset.

Table 8-6. RGM_FERD field descriptions

Field

Description

D_EXR

Disable External Reset
0 An external reset event triggers a reset sequence.
1 An external reset event generates a SAFE mode request.

D_CMU1_FHL

Disable CMU1 clock frequency higher/lower than reference

0 A CMUI1 clock frequency higher/lower than reference event triggers a reset sequence.

1 A CMU1 clock frequency higher/lower than reference event generates either a SAFE mode or an
interrupt request depending on the value of RGM_FEAR[AR_CMU1_FHL].

D_PLLA

Disable PLL1 fail

0 A PLL1 fail event triggers a reset sequence.

1 A PLL1 fail event generates either a SAFE mode or an interrupt request depending on the value
of RGM_FEAR[AR_PLLT1].

D_FLASH

Disable code or data flash fatal error

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].

D_LVD45

Disable 4.5 V low-voltage detected

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_LVDA45].

D_CMUO_FHL

Disable CMUO clock frequency higher/lower than reference

0 A CMUO clock frequency higher/lower than reference event triggers a reset sequence

1 A CMUO clock frequency higher/lower than reference event generates either a SAFE mode or an
interrupt request depending on the value of RGM_FEAR[AR_CMUO_FHL]
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Table 8-6. RGM_FERD field descriptions (continued)

Field

Description

D_CMUO_OL
R

Disable oscillator frequency lower than reference

0 A oscillator frequency lower than reference event triggers a reset sequence

1 A oscillator frequency lower than reference event generates either a SAFE mode or an interrupt
request depending on the value of RGM_FEAR[AR_CMUO_OLR]

D_PLLO

Disable PLLO fail

0 A PLLO fail event triggers a reset sequence.

1 A PLLO fail event generates either a SAFE mode or an interrupt request depending on the value
of RGM_FEAR[AR_PLLO].

D_CHKSTOP

Disable checkstop reset

0 A checkstop reset event triggers a reset sequence.

1 A checkstop reset event generates either a SAFE mode or an interrupt request depending on the
value of RGM_FEAR[AR_CHKSTOP].

D_SOFT

Disable software reset

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].

D_CORE

Disable core reset

0 A core reset event triggers a reset sequence.

1 Acore reset event generates either a SAFE mode or an interrupt request depending on the value
of RGM_FEAR[AR_CORE].

D_JTAG

Disable JTAG initiated reset

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].

8.5.1.4 Destructive Event Reset Disable register (RGM_DERD)

Address: Base + 0x0006 Access: read-only
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This register provides dedicated bit to disable a particular destructive reset source. It can be accessed in
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Figure 8-5. Destructive Event Reset Disable register (RGM_DERD)

read-only in supervisor mode, test mode, and user mode.
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Table 8-7. RGM_DERD field descriptions

Field

Description

D_LvD27_IO

Disable 2.7 V low-voltage detected (I/O)
0 A 2.7V low-voltage detected (I/O) event triggers a reset sequence.

H

D_LvVD27_FLAS

Disable 2.7 V low-voltage detected (flash)
0 A 2.7V low-voltage detected (flash) event triggers a reset sequence.

D_LvD27_VREG

Disable 2.7 V low-voltage detected (VREG)
0 A 2.7V low-voltage detected (VREG) event triggers a reset sequence.

D_SWT Disable software watchdog timer
0 A software watchdog timer event triggers a reset sequence.
D_LVD12_PDO0O |Disable 1.2 V low-voltage detected

0 A 1.2V low-voltage detected event triggers a reset sequence.

8.5.1.5 Functional Event Alternate Request register (RGM_FEAR)

Address: Base + 0x0010 Access: User read-only, Supervisor read/write, Test read/write
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Figure 8-6. Functional Event Alternate Request register (RGM_FEAR)

This register defines alternate request to be generated when reset on functional event has been disabled.
Alternate request can be either a SAFE mode request to 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 8-8. RGM_FEAR field descriptions

Field

Description

AR_CMU1_FHL

Alternate Request for CMU1 clock frequency higher/lower than reference

0 Generate a SAFE mode request on a CMU1 clock frequency higher/lower than reference event
if the reset is disabled.

1 Generate an interrupt request on a CMU1 clock frequency higher/lower than reference event if

the reset is disabled.

AR_PLLA

Alternate Request for PLL1 fail
0 Generate a SAFE mode request on a PLL1 fail event if the reset is disabled.
1 Generate an interrupt request on a PLL1 fail event if the reset is disabled.

AR_FLASH

Alternate Request for code or data flash fatal error
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.
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Table 8-8. RGM_FEAR field descriptions (continued)

Field

Description

AR_LVD45

Alternate Request for 4.5 V low-voltage detected
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.

AR_CMUO_FHL

Alternate Request for CMUO clock frequency higher/lower than reference

0 Generate a SAFE mode request on a CMUO clock frequency higher/lower than reference event
if the reset is disabled.

1 Generate an interrupt request on a CMUO clock frequency higher/lower than reference event if
the reset is disabled.

R

AR_CMUO_OL

Alternate Request for oscillator frequency lower than reference

0 Generate a SAFE mode request on a oscillator frequency lower than reference event if the reset
is disabled.

1 Generate an interrupt request on a oscillator frequency lower than reference event if the reset
is disabled.

AR_PLLO

Alternate Request for PLLO fail
0 Generate a SAFE mode request on a PLLO fail event if the reset is disabled.
1 Generate an interrupt request on a PLLO fail event if the reset is disabled.

AR_CHKSTOP

Alternate Request for checkstop reset
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.

AR_SOFT

Alternate Request for software reset
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.

AR_CORE

Alternate Request for core reset
0 Generate a SAFE mode request on a core reset event if the reset is disabled.
1 Generate an interrupt request on a core reset event if the reset is disabled.

AR_JTAG

Alternate Request for JTAG initiated reset
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 reset event if the reset is disabled.

8.5.1.6 Functional Event Short Sequence register (RGM_FESS)
Address: Base + 0x0018 Access: User read-only, Supervisor read/write, Test read/write
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This register defines which reset sequence is performed when a functional reset sequence is triggered. The
functional reset sequence can either start from PHASEL, enforcing reset of all modules or from PHASES3,

Figure 8-7. Functional Event Short Sequence register (RGM_FESS)

skipping PHASE1 and PHASE?2 and thus asserting reset only on modules associated with PHASE3.
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NOTE

This could be useful for fast reset sequence, for example to skip flash reset.

Table 8-9. RGM_FESS field descriptions

Field

Description

SS_CMU1_FH
L

Short Sequence for CMU1 clock frequency higher/lower than reference

0 The reset sequence triggered by a CMU1 clock frequency higher/lower than reference event will
start from PHASE1.

1 The reset sequence triggered by a CMU1 clock frequency higher/lower than reference event will
start from PHASES3, skipping PHASE1 and PHASE2.

SS_PLL1

Short Sequence for PLL1 fail

0 The reset sequence triggered by a PLL1 fail event will start from PHASE1.

1 The reset sequence triggered by a PLL1 fail event will start from PHASES3, skipping PHASE1
and PHASE2.

SS_FLASH

Short Sequence for code or data flash fatal error

0 The reset sequence triggered by a code or data flash fatal error event will start from PHASE1.

1 The reset sequence triggered by a code or data flash fatal error event will start from PHASES,
skipping PHASE1 and PHASE2.

SS_LVvD45

Short Sequence for 4.5 V low-voltage detected

0 The reset sequence triggered by a 4.5 V low-voltage detected event will start from PHASE1.

1 The reset sequence triggered by a 4.5 V low-voltage detected event will start from PHASES,
skipping PHASE1 and PHASEZ2.

SS_CMUO_FH
L

Short Sequence for CMUO clock frequency higher/lower than reference

0 The reset sequence triggered by a CMUO clock frequency higher/lower than reference event will
start from PHASE1.

1 The reset sequence triggered by a CMUO clock frequency higher/lower than reference event will
start from PHASES3, skipping PHASE1 and PHASE2.

SS_CMUO0_OL
R

Short Sequence for oscillator frequency lower than reference

0 The reset sequence triggered by a oscillator frequency lower than reference event will start from
PHASE1.

1 The reset sequence triggered by a oscillator frequency lower than reference event will start from
PHASES, skipping PHASE1 and PHASE2.

SS_PLLO

Short Sequence for PLLO fail

0 The reset sequence triggered by a PLLO fail event will start from PHASE1.

1 The reset sequence triggered by a PLLO fail event will start from PHASES3, skipping PHASE1
and PHASE2.

SS_CHKSTOP

Short Sequence for checkstop reset

0 The reset sequence triggered by a checkstop reset event will start from PHASE1.

1 The reset sequence triggered by a checkstop reset event will start from PHASES, skipping
PHASE1 and PHASE2.

SS_SOFT

Short Sequence for software reset

0 The reset sequence triggered by a software reset event will start from PHASE1.

1 The reset sequence triggered by a software reset event will start from PHASE3, skipping
PHASE1 and PHASE?2.
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Table 8-9. RGM_FESS field descriptions (continued)

Field Description

SS_CORE Short Sequence for core reset

0 The reset sequence triggered by a core reset event will start from PHASE1.

1 The reset sequence triggered by a core reset event will start from PHASES, skipping PHASE1
and PHASE2.

SS_JTAG Short Sequence for JTAG initiated reset

0 The reset sequence triggered by a JTAG initiated reset event will start from PHASE1.

1 The reset sequence triggered by a JTAG initiated reset event will start from PHASES, skipping
PHASE1 and PHASE2.

8.5.1.7 Functional Bidirectional Reset Enable register (RGM_FBRE)

Address: Base + 0x001C Access: User read-only, Supervisor read/write, Test read/write
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Figure 8-8. Functional Bidirectional Reset Enable register (RGM_FBRE)

This register enables the generation of an external reset on functional reset. It can be accessed in read/write
in either supervisor mode or test mode. It can be accessed in read in user mode.

Table 8-10. RGM_FBRE field descriptions

Field Description

BE_CMU1_FH | Bidirectional Reset Enable for CMU1 clock frequency higher/lower than reference

L 0 RESET_Bis asserted on a CMU1 clock frequency higher/lower than reference event if the reset
is enabled.
1 RESET_B is not asserted on a CMU1 clock frequency higher/lower than reference event.

BE_PLLA1 Bidirectional Reset Enable for PLL1 fail
0 RESET_B is asserted on a PLL1 fail event if the reset is enabled.
1 RESET_Bis not asserted on a PLL1 fail event.

BE_FLASH |Bidirectional Reset Enable for code or data flash fatal error
0 RESET_B is asserted on a code or data flash fatal error event if the reset is enabled.
1 RESET_B is not asserted on a code or data flash fatal error event.

BE_LVD45 |Bidirectional Reset Enable for 4.5 V low-voltage detected
0 RESET_Bis asserted on a 4.5 V low-voltage detected event if the reset is enabled.
1 RESET_B is not asserted on a 4.5 V low-voltage detected event.

BE_CMUO_FH | Bidirectional Reset Enable for CMUO clock frequency higher/lower than reference

L 0 RESET_Bis asserted on a CMUO clock frequency higher/lower than reference event if the reset
is enabled.
1 RESET_B is not asserted on a CMUO clock frequency higher/lower than reference event.
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Table 8-10. RGM_FBRE field descriptions (continued)

Field Description
BE_CMUO_OL | Bidirectional Reset Enable for oscillator frequency lower than reference
R 0 RESET_Bis asserted on a oscillator frequency lower than reference event if the reset is

enabled.
1 RESET_B is not asserted on a oscillator frequency lower than reference event.

BE_PLLO Bidirectional Reset Enable for PLLO fail
0 RESET_Bis asserted on a PLLO fail event if the reset is enabled.
1 RESET_Bis not asserted on a PLLO fail event.

BE_CHKSTOP | Bidirectional Reset Enable for checkstop reset

0 RESET_B is asserted on a checkstop reset event if the reset is enabled.
1 RESET_B is not asserted on a checkstop reset event.

BE_SOFT Bidirectional Reset Enable for software reset
0 RESET_B is asserted on a software reset event if the reset is enabled.
1 RESET_B is not asserted on a software reset event.

BE_CORE Bidirectional Reset Enable for core reset
0 RESET_B is asserted on a core reset event if the reset is enabled.
1 RESET_B is not asserted on a core reset event.

BE_JTAG Bidirectional Reset Enable for JTAG initiated reset
0 RESET_B is asserted on a JTAG initiated reset event if the reset is enabled.
1 RESET_Bis not asserted on a JTAG initiated reset event.

8.6  Functional description

8.6.1

The main role of RGM is the generation of the reset sequence that ensures that the correct parts of the
device are reset based on the reset source event. This is summarized in Table 8-11.

Reset state machine

Table 8-11. RGM reset implications

External Boot Mode
Source What Gets Reset Reset
. Capture
Assertion

Power-on reset All yes yes
Destructive resets All except some clock/reset management yes yes
External reset All except some clock/reset management and yes yes

debug
Functional resets All except some clock/reset management and programmable | programmable

debug 1 2
Shortened functional resets® | Flip-flops except some clock/reset management programmable | programmable

1 2

T the assertion of the external reset is controlled via the RGM_FBRE register
2 the boot mode is captured if the external reset is asserted
3 the short sequence is enabled via the RGB_FESS register
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The reset sequence is composed of five phases managed by a state machine, which ensures that all phases
are correctly processed through waiting for a minimum duration and until all processes that need to occur
during that phase have been completed before proceeding to the next phase.

The state machine used to produce the reset sequence is shown in Figure 8-9.

power-on or
enabled
destructive
reset PHASEO
power-up has completed
16 MHz internal RC oscillator clock is running
duration > 3 clock cycles of 16 MHz internal RC oscillator
16 MHz IRC stable, VREG voltage okay done
enabled Y

external or
non-shortened
functional reset

PHASE1

duration > 350 clock cycles of 16 MHz internal RC oscillator

PHASEZ2

duration > 8 clock cycles of 16 MHz internal RC oscillator

code and data flash initialization done

PHASES3

@

enabled
shortened
functional reset

duration > 40 clock cycles of 16 MHz internal RC oscillator

code and data flash initialization done

Figure 8-9. RGM state machine
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8.6.1.1 PHASEO

This phase is entered immediately from any phase on a power-on or enabled destructive reset event. The
reset state machine exits PHASEO and enters PHASE1 on verification of the following:

» Power-up has completed

» 16 MHz internal RC oscillator clock is running

» All enabled destructive resets have been processed

» All processes that need to be done in PHASEO are completed
— 16 MHz IRC stable, VREG voltage okay

* A minimum of three 16 MHz internal RC oscillator clock cycles have elapsed since power-up
completion and the last enabled destructive reset event

8.6.1.2 PHASE1

This phase is entered either on exit from PHASEO or immediately from PHASE2, PHASES3, or IDLE on
a non-masked external or functional reset event if it has not been configured to trigger a *short’ sequence.
The reset state machine exits PHASE1 and enters PHASE?2 on verification of the following:

» All enabled, non-shortened functional resets have been processed

* A minimum of 350 16 MHz internal RC oscillator clock cycles have elapsed since the last enabled
external or non-shortened functional reset event

8.6.1.3 PHASE2
This phase is entered on exit from PHASEL. The reset state machine exits PHASE2 and enters PHASE3
on verification of the following:
o All processes that need to be done in PHASE?2 are completed
— code and data flash initialization

* A minimum of eight 16 MHz internal RC oscillator clock cycles have elapsed since entering
PHASE2

8.6.1.4 PHASE3

This phase is a entered either on exit from PHASE?2 or immediately from IDLE on an enabled, shortened
functional reset event. The reset state machine exits PHASE3 and enters IDLE on verification of the
following:
» All processes that need to be done in PHASE3 are completed
— code and data flash initialization

* A minimum of forty 16 MHz internal RC oscillator clock cycles have elapsed since the last
enabled, shortened functional reset event
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8.6.1.5 IDLE

This is a the final phase and is entered on exit from PHASE3. When this phase is reached, the RGM
releases control of the system to the platform and waits for new reset events that can trigger a reset
sequence.

8.6.2 Destructive resets

A destructive reset indicates that an event has occurred after which critical register or memory content can
no longer be guaranteed.

The status flag associated with a given destructive reset event (RGM_DES[F_<destructive reset>] bit) is
set when the destructive reset is asserted and the power-on reset is not asserted.

The destructive reset can be optionally disabled by writing bit RGM_DERD[D_<destructive reset>].

NOTE

The RGM_DERD register can be written only once between two power-on
reset events.

The device’s low-voltage detector threshold ensures that, when 1.2 V low-voltage detected is enabled, the
supply is sufficient to have the destructive event correctly propagated through the digital logic. Therefore,
if a given destructive reset is enabled, the RGM ensures that the associated reset event will be correctly
triggered to the full system. However, if the given destructive reset is disabled and the voltage goes below
the digital functional threshold, functionality can no longer be ensured, and the reset may or may not be
asserted.

An enabled destructive reset will trigger a reset sequence starting from the beginning of PHASEQO.

8.6.3 External reset

The RGM manages the external reset coming from RESET. The detection of a falling edge on RESET will
start the reset sequence from the beginning of PHASE1.

The status flag associated with the external reset falling edge event (the RGM_FES[F_EXR] bit) is set
when the external reset is asserted and the power-on reset is not asserted.

The external reset can optionally be disabled by writing the RGM_FERD[D_EXR] bit.

NOTE

The RGM_FERD register can be written only once between two power-on
reset events.

An enabled external reset will normally trigger a reset sequence starting from the beginning of PHASEL.
Nevertheless, the RGM_FESS register enables the further configuring of the reset sequence triggered by
the external reset. When RGM_FESS.SS_EXR is set, the external reset will trigger a reset sequence
starting directly from the beginning of PHASES3, skipping PHASE1 and PHASE?2. This can be useful
especially when an external reset should not reset the flash.

The RGM may also assert the external reset if the reset sequence was triggered by one of the following:
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* A power-on reset

* Adestructive reset event

* Anexternal reset event

» A functional reset event configured via the RGM_FBRE register to assert the external reset

In this case, the external reset is asserted until the end of PHASES.

8.6.4 Functional resets

A functional reset indicates that an event has occurred after which it can be guaranteed that critical register
and memory content is still intact.

The status flag associated with a given functional reset event (the RGM_FES[F_<functional reset>] bit) is
set when the functional reset is asserted and the power-on reset is not asserted.

The functional reset can be optionally disabled by software writing bit
RGM_FERDI[D_<functional reset>].

NOTE

The RGM_FERD register can be written only once between two power-on
reset events.

An enabled functional reset will normally trigger a reset sequence starting from the beginning of PHASE1.
Nevertheless, the RGM_FESS register enables the further configuring of the reset sequence triggered by
a functional reset. When RGM_FESS[SS_<functional reset>] is set, the associated functional reset will
trigger a reset sequence starting directly from the beginning of PHASE3, skipping PHASE1 and PHASEZ2.
This can be useful especially in case a functional reset should not reset the flash module.

8.6.5 Alternate event generation

The RGM provides alternative events to be generated on reset source assertion. When a reset source is
asserted, the RGM normally enters the reset sequence. Alternatively, it is possible for each reset source
event (except the power-on reset event) to be converted from a reset to either a SAFE mode request issued
to the MC_ME or to an interrupt request issued to the core.

Alternate event selection for a given reset source is made via the RGM_DERD and RGM_FEAR registers
as shown in Table 8-12.

Table 8-12. RGM alternate event selection

RGM_FERD bit value

RGM_FEAR bit value

Generated event

0

X

Reset

1

0

SAFE mode request

1

1

Interrupt request

The alternate event is cleared by deasserting the source of the request (i.e., at the reset source that caused
the alternate request) and also clearing the appropriate RGM_FES status bit.
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NOTE

Alternate requests (SAFE mode as well as interrupt requests) are generated
asynchronously.

8.6.6 Boot mode capturing

The RGM samples PAD[4:2] whenever RESET is asserted until five 16 MHz internal RC oscillator clock
cycles before its deassertion edge. The result of the sampling is used at the beginning of reset PHASE3 for
boot mode selection and is retained after RESET has been deasserted for subsequent boots after reset
sequences during which RESET is not asserted.

NOTE

In order to ensure that the boot mode is correctly captured, the application
needs to apply the valid boot mode value the entire time that RESET is
asserted.

NOTE

RESET can be asserted as a consequence of the internal reset generation.
This will force re-sampling of the boot mode pins. (See Table 8-11 for
details.)
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Chapter 9 Interrupt Controller (INTC)

9.1 Introduction

The INTC provides priority-based preemptive scheduling of interrupt service requests (ISRs). This
scheduling scheme is suitable for statically scheduled hard real-time systems. The INTC supports 147
interrupt requests. It is targeted to work with Power Architecture technology and automotive applications
where the ISRs nest to multiple levels, but it also can be used with other processors and applications.For
high-priority interrupt requests in these target applications, the time from the assertion of the peripheral’s
interrupt request to when the processor is performing useful work to service the interrupt request needs to
be minimized. The INTC supports this goal by providing a unique vector for each interrupt request source.
It also provides 16 priorities so that lower priority ISRs do not delay the execution of higher priority ISRs.
Because each individual application will have different priorities for each source of interrupt request, the
priority of each interrupt request is configurable.

When multiple tasks share a resource, coherent accesses to that resource need to be supported. The INTC
supports the priority ceiling protocol for coherent accesses. By providing a modifiable priority mask, the
priority can be raised temporarily so that tasks sharing the resource will not preempt each other.

Multiple processors can assert interrupt requests to each other through software configurable interrupt
requests. These software configurable interrupt requests can also be used to separate the work involved in
servicing an interrupt request into a high-priority portion and a low-priority portion. The high-priority
portion is initiated by a peripheral interrupt request, but then the ISR can assert a software configurable
interrupt request to finish the servicing in a lower priority ISR. Therefore these software configurable
interrupt requests can be used instead of the peripheral ISR scheduling a task through the RTOS.

9.2 Features

e Supports 139 peripheral interrupt and 8 software-configurable interrupt request sources
» Unique 9-bit vector per interrupt source
» Each interrupt source programmable to one of 16 priorities
* Preemption
— Preemptive prioritized interrupt requests to processor
— ISR at a higher priority preempts ISRs or tasks at lower priorities
— Automatic pushing or popping of preempted priority to or from a LIFO

— Ability to modify the ISR or task priority; modifying the priority can be used to implement the
priority ceiling protocol for accessing shared resources.

» Low latency—3 clock cycles from receipt of interrupt request from peripheral to interrupt request
to processor

Table 9-1. Interrupt sources available

Interrupt sources (147) Number available
Software 8
ECSM 3
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Table 9-1. Interrupt sources available (continued)

Interrupt sources (147) Number available
eDMA2x 17
SWT 1
STM 4
SIUL 4
MC_ME 4
MC_RGM 1
XOSC 1
PIT 4
ADC 6
FlexCAN 8
FlexRay 8
eTimer 15
FlexPWM 14
CTU 15
Safety Port 8
DSPI 20
LINFlex 6
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9.3 Block diagram
Figure 9-1 shows a block diagram of the interrupt controller (INTC).
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Peripheral Interrupt Interrupt Interrupt Y Interrupt
Interrupt 8 Y Requests Request Vector Processor 0 Vector
Requests n' « | Priority n' | Request n' Vector 9, Interrupt 9
| Arbitrator | Sselector | Encoder | Acknowledge
. L Register
4 Highest Priority A
Pushed New
Priority Priority Y Interrupt
< 2 <2 Request to
< Processor 0 [ Update Interrupt Vector 1 Processor
Processor 0 | popped Current Current Priority
Priority Priority Priority Priority | Gomparator 1 >
LIFO 4 > Register 4 > g
AAA A A A A A
Interrupt Acknowledge 1
Push/Update/Acknowledge 1 Slave Perioh |
Interface el’l_p era
Pop 1 for Reads
& Writes

D Memory Mapped Registers
l:| Non-Memory Mapped Logic

1 The total number of interrupt sources is 147, which includes 16 reserved sources and 8 software sources.
Figure 9-1. INTC block diagram

9.4 Modes of operation

9.4.1 Normal mode

In normal mode, the INTC has two handshaking modes with the processor: software vector mode and
hardware vector mode.

NOTE

To correctly configure the interrupts in both software and hardware vector
mode, the user must also configure the IVPR. The core register IVPR
contains the base address for the interrupt handlers. Please refer to the core
reference manual for more information.

9.4.1.1 Software vector mode

In software vector mode, the interrupt exception handler software must read a register in the INTC to
obtain the vector associated with the interrupt request to the processor. The INTC will use software vector
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mode for a given processor when its associated HVEN bit in INTC_MCR is negated. The hardware vector
enable signal to processor 0 or processor 1 is driven as negated when its associated HVEN bit is negated.
The vector is read from INC_IACKR. Reading the INTC_IACKR negates the interrupt request to the
associated processor. Even if a higher priority interrupt request arrived while waiting for this interrupt
acknowledge, the interrupt request to the processor will negate for at least one clock. The reading also
pushes the PRI value in INTC_CPR onto the associated LIFO and updates PRI in the associated
INTC_CPR with the new priority.

Furthermore, the interrupt vector to the processor is driven as all 0s. The interrupt acknowledge signal
from the associated processor is ignored.

9.4.1.2 Hardware vector mode

In hardware vector mode, the hardware signals the interrupt vector from the INTC in conjunction with a
processor that can use that vector. This hardware causes the first instruction to be executed in handling the
interrupt request to the processor to be specific to that vector. Therefore, the interrupt exception handler is
specific to a peripheral or software configurable interrupt request rather than being common to all of them.
The INTC uses hardware vector mode for a given processor when the associated HVEN bit in the
INTC_MCR is asserted. The hardware vector enable signal to the associated processor is driven as
asserted. When the interrupt request to the associated processor asserts, the interrupt vector signal is
updated. The value of that interrupt vector is the unique vector associated with the preempting peripheral
or software configurable interrupt request. The vector value matches the value of the INTVEC field in the
INTC_IACKR field in the INTC_IACKR, depending on which processor was assigned to handle a given
interrupt source.

The processor negates the interrupt request to the processor driven by the INTC by asserting the interrupt
acknowledge signal for one clock. Even if a higher priority interrupt request arrived while waiting for the
interrupt acknowledge, the interrupt request to the processor will negate for at least one clock.

The assertion of the interrupt acknowledge signal for a given processor pushes the associated PRI value in
the associated INTC_CPR register onto the associated LIFO and updates the associated PRI in the
associated INTC_CPR register with the new priority. This pushing of the PRI value onto the associated
LIFO and updating PRI in the associated INTC_CPR does not occur when the associated interrupt
acknowledge signal asserts and INTC_SSCIRO_3-INTC_SSCIR4 7 is written at a time such that the PRI
value in the associated INTC_CPR register would need to be pushed and the previously last pushed PRI
value would need to be popped simultaneously. In this case, PRI in the associated INTC_CPR is updated
with the new priority, and the associated LIFO is neither pushed or popped.

9.4.1.3 Debug mode

The INTC operation in debug mode is identical to its operation in normal mode.

9.4.1.4 Stop mode

The INTC supports stop mode. The INTC can have its clock input disabled at any time by the clock driver
on the device. While its clocks are disabled, the INTC registers are not accessible.
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The INTC requires clocking in order for a peripheral interrupt request to generate an interrupt request to
the processor.

9.5 Memory map and registers description

9.5.1 Module memory map

Table 9-2 shows the INTC memory map.
Table 9-2. INTC memory map

Offset from
INTC_BASE Register Location
0xFFF4_8000

0x0000 INTC Module Configuration Register (INTC_MCR) on page 208
0x0004 Reserved
0x0008 INTC Current Priority Register (INTC_CPR) on page 209
0x000C Reserved
0x0010 INTC Interrupt Acknowledge Register(INTC_IACKR) on page 210
0x0014 Reserved
0x0018 INTC End-of-Interrupt Register (INTC_EOIR) on page 211
0x001C Reserved

0x0020-0x0027 INTC Software Set/Clear Interrupt Registers on page 211

(INTC_SSCIR0_3-INTC_SSCIR4._7)

0x0028— 0x003C Reserved

0x0040-0x011C INTC Priority Select Registers on page 212
(INTC_PSRO0_3-INTC_PSR220_221)"

0x0120-0x3FFF Reserved

' The PRI fields are “reserved” for peripheral interrupt requests whose vectors are labeled as
Reserved in Table 9-9.

9.5.2 Registers description

With exception of the INTC_SSCIn and INTC_PSRn, all registers are 32 bits in width. Any combination
of accessing the four bytes of a register with a single access is supported, provided that the access does not
cross a register boundary. These supported accesses include types and sizes of 8 bits, aligned 16 bits,
misaligned 16 bits to the middle 2 bytes, and aligned 32 bits.

Although INTC_SSCIn and INTC_PSRn are 8 bits wide, they can be accessed with a single 16-bit or
32-bit access, provided that the access does not cross a 32-bit boundary.

In software vector mode, the side effects of a read of INTC_IACKR are the same regardless of the size of
the read. In either software or hardware vector mode, the size of a write to either
INTC_SSCIR0_3-INTC_SSCIR4_7 or INTC_EOIR does not affect the operation of the write.
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INTC registers are accessible only when the core is in supervisor mode (see Section 15.4.3,
“ECSM_reg_protection).

9.5.2.1 INTC Module Configuration Register (INTC_MCR)
The module configuration register configures options of the INTC.

Address: Base + 0x0000 Access: User read/write

w
IN
(4]
()
~
[e)
©
-
o
vy

0 1 2 12 13 14 15
Rl 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

VTES HVEN

Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 9-2. INTC Module Configuration Register (INTC_MCR)

Table 9-3. INTC_MCR field descriptions

Field Description

26 Vector table entry size
VTES Controls the number of Os to the right of INTVEC in Section 9.5.2.3, “INTC Interrupt Acknowledge
Register(INTC_IACKR). If the contents of INTC_IACKR are used as an address of an entry in a vector
table as in software vector mode, then the number of right most Os will determine the size of each
vector table entry. VTES impacts software vector mode operation but also affects
INTC_IACKRIINTVEC] position in both hardware vector mode and software vector mode.
0 4 bytes
1 8 bytes

31 Hardware vector enable
HVEN Controls whether the INTC is in hardware vector mode or software vector mode. Refer to Section 9.4,
“Modes of operation, for the details of the handshaking with the processor in each mode.
0 Software vector mode
1 Hardware vector mode
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9.5.2.2 INTC Current Priority Register (INTC_CPR)

Address: Base + 0x0008 Access: User read/write

0 1 2

w
~
6]
[«
~
©
©
-
o
-
-
=
n
-
w
.
~
-
6]

PRI

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1
Figure 9-3. INTC Current Priority Register (INTC_CPR)

Table 9-4. INTC_CPR field descriptions

Field Description

28-31 | Priority
PRI[0:3] | PRI is the priority of the currently executing ISR according to the following:
1111 Priority 15—highest priority

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

Priority 14
Priority 13
Priority 12
Priority 11
Priority 10
Priority 9
Priority 8
Priority 7
Priority 6
Priority 5
Priority 4
Priority 3
Priority 2
Priority 1

0000 Priority 0—lowest priority

The INTC_CPR masks any peripheral or software settable interrupt request set at the same or lower
priority as the current value of the INTC_CPR[PRI] field from generating an interrupt request to the
processor. When the INTC interrupt acknowledge register (INTC_IACKR) is read in software vector
mode or the interrupt acknowledge signal from the processor is asserted in hardware vector mode, the
value of PRI is pushed onto the LIFO, and PRI is updated with the priority of the preempting interrupt
request. When the INTC end-of-interrupt register (INTC_EOIR) is written, the LIFO is popped into the
INTC_CPR’s PRI field.

The masking priority can be raised or lowered by writing to the PRI field, supporting the PCP. Refer to
Section 9.7.5, “Priority ceiling protocol.
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NOTE

A store to modify the PRI field that closely precedes or follows an access to
a shared resource can result in a non-coherent access to the resource. Refer
to Section 9.7.5.2, “Ensuring coherency, for example code to ensure
coherency.

9.5.2.3 INTC Interrupt Acknowledge Register(INTC_IACKR)

Address Base + 0x0010 Access: User read/write

0 1 2 3‘4 5 6 7‘8 9 10 11‘12 13 14 15

VTBA (most significant 16 bits)

Resetoooo\oooo\oooo\oooo

16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R VTBA INTVEC! 0 0
W (least significant 5 bits) | | | | | |
Reset 0 0 0 0 ‘ 0 0 0 0 0 0 0 0 0 0 0 0
1 When the VTES bit in INTC_MCR is asserted, INTVEC is shifted to the left one bit. Bit 29 is read as a

‘0’. VTBA is narrowed to 20 bits in width.

Figure 9-4. INTC Interrupt Acknowledge Register (INTC_IACKR)

Table 9-5. INTC_IACKR field descriptions

Field Description
0-20 Vector Table Base Address
or Can be the base address of a vector table of addresses of ISRs. The VTBA only uses the leftmost
0-19 20 bits when the VTES bit in INTC_MCR is asserted.
VTBA
21-29 Interrupt Vector
or Itis the vector of the peripheral or software configurable interrupt request that caused the interrupt
20-28 request to the processor. When the interrupt request to the processor asserts, the INTVEC is
INTVEC updated, whether the INTC is in software or hardware vector mode.
Note: If INTC_MCRI[VTES] = 1, then the INTVEC field is shifted left one position to bits 20-28.
VTBA is then shortened by one bit to bits 0—19.

The interrupt acknowledge register provides a value that can be used to load the address of an ISR from a
vector table. The vector table can be composed of addresses of the ISRs specific to their respective
interrupt vectors.

In software vector mode, the INTC_IACKR has side effects from reads. Therefore, it must not be
speculatively read while in this mode. The side effects are the same regardless of the size of the read.
Reading the INTC_IACKR does not have side effects in hardware vector mode.
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9.5.2.4 INTC End-of-Interrupt Register (INTC_EOIR)
Address Base + 0x0018 Access: Write-only
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 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 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 9-5. INTC End-of-Interrupt Register (INTC_EOIR)

Writing to the end-of-interrupt register signals the end of the servicing of the interrupt request. When the
INTC_EOIR is written, the priority last pushed on the LIFO is popped into INTC_CPR. An exception to
this behavior is described in Section 9.4.1.2, “Hardware vector mode. The values and size of data written
to the INTC_EOIR are ignored. The values and sizes written to this register neither update the
INTC_EOIR contents or affect whether the LIFO pops. For possible future compatibility, write four bytes

of all Os to the INTC_EOIR.

Reading the INTC_EOIR has no effect on the LIFO.

9.5.2.5

Address Base + 0x0020

INTC Software Set/Clear Interrupt Registers
(INTC_SSCIR0_3-INTC_SSCIR4_7)

Access: User 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 |cLR| © 0 0 0 0 0 0 |CLR
W SETo| O SET1| 1
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 0 0 0 |cLR| © 0 0 0 0 0 0 |CLR
w SET2| 2 SET3| 3
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 9-6. INTC Software Set/Clear Interrupt Register 0—3 (INTC_SSCIR[0:3])
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Address Base + 0x0024

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 |CcLR| O 0 0 0 0 0 0 |CLR
w SET4| 4 SET5| 5
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 |CLR| O 0 0 0 0 0 0 |CLR
w SET6| 6 SET7| 7
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 9-7. INTC Software Set/Clear Interrupt Register 4-7 (INTC_SSCIR[4:7])
Table 9-6. INTC_SSCIR[0:7] field descriptions
Field Description
6, 14,22,30 |Set Flag Bits
SET[0:7] Writing a ‘1’ sets the corresponding CLRx bit. Writing a ‘0’ has no effect. Each SETx always will
beread asa ‘0.
7,15, 23, 31 Clear Flag Bits
CLRI[0:7] CLRx s the flag bit. Writing a ‘1’ to CLRx clears it provided that a ‘1’ is not written simultaneously
to its corresponding SETx bit. Writing a ‘0’ to CLRx has no effect.
0 Interrupt request not pending within INTC
1 Interrupt request pending within INTC

The software set/clear interrupt registers support the setting or clearing of software configurable interrupt
request. These registers contain eight independent sets of bits to set and clear a corresponding flag bit by
software. Excepting being set by software, this flag bit behaves the same as a flag bit set within a
peripheral. This flag bit generates an interrupt request within the INTC like a peripheral interrupt request.
Writing a ‘1’ to SETx will leave SETx unchanged at 0 but sets CLRx. Writing a ‘0’ to SETx has no effect.
CLRx s the flag bit. Writing a *1” to CLRx clears it. Writing a ‘0’ to CLRx has no effect. If a ‘1" is written
simultaneously to a pair of SETx and CLRXx bits, CLRx will be asserted, regardless of whether CLRx was
asserted before the write.

9.5.2.6 INTC Priority Select Registers (INTC_PSRO0_3-INTC_PSR220_221)

Address Base + 0x0040 Access: User read/write

0 1 2 11 12 13 14 15

Rl O 0 0 0 0 0 0 0
PRIO
W

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

w
~
o
o
~
®
©
-
o

PRI1

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
PRI2
W

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 9-8. INTC Priority Select Register 0-3 (INTC_PSR[0:3])

PRI3
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Address Base + 0x011C Access: User read/write

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

0
PRI220 PRI221

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 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 9-9. INTC Priority Select Register 220-221 (INTC_PSR[220:221])

Table 9-7. INTC_PSRO_3-INTC_PSR220-221 field descriptions

Field Description

4-7,12-15, Priority Select
20-23, 28-31 PRIx selects the priority for interrupt requests. Refer to Section 9.6, “Functional description.

PRI[0:3]-
PRI220:221
Table 9-8. INTC Priority Select Register address offsets
INTC_PSRx_x Offset Address INTC_PSRx_x Offset Address
INTC_PSRO0_3 0x0040 INTC_PSR112_115 0x00BO
INTC_PSR4_7 0x0044 INTC_PSR116_119 0x00B4
INTC_PSR8_11 0x0048 INTC_PSR120_123 0x00B8
INTC_PSR12_15 0x004C INTC_PSR124_127 0x00BC
INTC_PSR16_19 0x0050 INTC_PSR128_131 0x00CO0
INTC_PSR20_23 0x0054 INTC_PSR132_135 0x00C4
INTC_PSR24_27 0x0058 INTC_PSR136_139 0x00C8
INTC_PSR28_31 0x005C INTC_PSR140_143 0x00CC
INTC_PSR32_35 0x0060 INTC_PSR144_147 0x00DO0
INTC_PSR36_39 0x0064 INTC_PSR148_151 0x00D4
INTC_PSR40_43 0x0068 INTC_PSR152_155 0x00D8
INTC_PSR44_47 0x006C INTC_PSR156_159 0x00DC
INTC_PSR48_51 0x0070 INTC_PSR160_163 0x00EO
INTC_PSR52_55 0x0074 INTC_PSR164_167 Ox00E4
INTC_PSR56_59 0x0078 INTC_PSR168_171 O0x00E8
F60_63 0x007C INTC_PSR172_175 0x00EC
INTC_PSR64_67 0x0080 INTC_PSR176_179 0x00F0
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Table 9-8. INTC Priority Select Register address offsets (continued)

INTC_PSRx_x Offset Address INTC_PSRx_x Offset Address
INTC_PSR68_71 0x0084 INTC_PSR180_183 0x00F4
INTC_PSR72_75 0x0088 INTC_PSR184_187 0x00F8
INTC_PSR76_79 0x008C INTC_PSR188_191 0x00FC
INTC_PSR80_83 0x0090 INTC_PSR192_195 0x0100
INTC_PSR84_87 0x0094 INTC_PSR196_199 0x0104
INTC_PSR88_91 0x0098 INTC_PSR200_203 0x0108
INTC_PSR92_95 0x009C INTC_PSR204_207 0x010C
INTC_PSR96_99 0x00A0 INTC_PSR208_211 0x0110

INTC_PSR100_103 0x00A4 INTC_PSR212_215 0x0114
INTC_PSR104_107 0x00A8 INTC_PSR216_219 0x0118
INTC_PSR108_111 0x00AC INTC_PSR220_221 0x011C
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9.6 Functional description

The functional description involves the areas of interrupt request sources, priority management, and

handshaking with the processor.

NOTE

The INTC has no spurious vector support. Therefore, if an asserted
peripheral or software settable interrupt request, whose PRIn value in
INTC_PSRO-INTC_PSR221 is higher than the PRI value in INTC_CPR,
negates before the interrupt request to the processor for that peripheral or
software settable interrupt request is acknowledged, the interrupt request to
the processor still can assert or will remain asserted for that peripheral or
software settable interrupt request. In this case, the interrupt vector will
correspond to that peripheral or software settable interrupt request. Also, the
PRI value in the INTC_CPR will be updated with the corresponding PRIn
value in INTC_PSRn. Furthermore, clearing the peripheral interrupt
request’s enable bit in the peripheral or, alternatively, setting its mask bit has
the same consequences as clearing its flag bit. Setting its enable bit or
clearing its mask bit while its flag bit is asserted has the same effect on the
INTC as an interrupt event setting the flag bit.

Table 9-9. Interrupt vector table

IRQ # Offset Interrupt Module
On-Platform Peripherals
Software Interrupts
0 0x0800 Software configurable flag 0 Software
1 0x0804 Software configurable flag 1 Software
2 0x0808 Software configurable flag 2 Software
3 0x080C Software configurable flag 3 Software
4 0x0810 Software configurable flag 4 Software
5 0x0814 Software configurable flag 5 Software
6 0x0818 Software configurable flag 6 Software
7 0x081C Software configurable flag 7 Software
8 0x0820 Reserved
ECSM
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Table 9-9. Interrupt vector table (continued)

IRQ # Offset Interrupt Module
9 0x0824 Platform Flash Bank 0 Abort | ECSM
Platform Flash Bank 0 Stall |

Platform Flash Bank 1 Abort |

Platform Flash Bank 1 Stall |

Platform Flash Bank 2 Abort |

Platform Flash Bank 2 Stall |

Platform Flash Bank 3 Abort |

Platform Flash Bank 3 Stall

DMA2x
10 0x0828 Combined Error DMA2x
11 0x082C Channel 0 DMA2x
12 0x0830 Channel 1 DMA2x
13 0x0834 Channel 2 DMA2x
14 0x0838 Channel 3 DMA2x
15 0x083C Channel 4 DMA2x
16 0x0840 Channel 5 DMA2x
17 0x0844 Channel 6 DMA2x
18 0x0848 Channel 7 DMA2x
19 0x084C Channel 8 DMA2x
20 0x0850 Channel 9 DMA2x
21 0x0854 Channel 10 DMA2x
22 0x0858 Channel 11 DMA2x
23 0x085C Channel 12 DMA2x
24 0x0860 Channel 13 DMA2x
25 0x0864 Channel 14 DMA2x
26 0x0868 Channel 15 DMA2x
27 0x086C Reserved
SWT
28 0x0870 Timeout Software Watchdog (SWT)
29 0x0874 Reserved
STM

30 0x0878 Match on channel 0 STM
31 0x087C Match on channel 1 STM
32 0x0880 Match on channel 2 STM
33 0x0884 Match on channel 3 STM
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Table 9-9. Interrupt vector table (continued)

IRQ # Offset Interrupt Module
34 0x0888 Reserved
ECSM
35 0x088C ECC_DBD_PlatformFlash | ECSM
ECC_DBD_PlatformRAM
36 0x0890 ECC_SBC_PlatformFlash | ECSM
ECC_SBC_PlatformRAM
37 0x0894 Reserved
38 0x0898 Reserved
39 0x089C Reserved
40 0x08A0 Reserved
SIUL
41 0x08A4 SIU External IRQ_0 System Integration Unit Lite (SIUL)
42 0x08A8 SIU External IRQ_1 System Integration Unit Lite (SIUL)
43 0x08AC SIU External IRQ_2 System Integration Unit Lite (SIUL)
44 0x08B0 SIU External IRQ_3 System Integration Unit Lite (SIUL)
45 0x08B4 Reserved
46 0x08B8 Reserved
47 0x08BC Reserved
48 0x08CO0 Reserved
49 0x08C4 Reserved
50 0x08C8 Reserved
MC_ME
51 0x08CC | Safe Mode Interrupt Mode Entry module (MC_ME)
52 0x08D0 Mode Transition Interrupt Mode Entry module (MC_ME)
53 0x08D4 Invalid Mode Interrupt Mode Entry module (MC_ME)
54 0x08D8 Invalid Mode Configuration Mode Entry module (MC_ME)
55 0x08DC Reserved
MC_RGM
56 0x08E0 Functional and destructive reset alternate | Reset Generation Module (MC_RGM)
event interrupt
X0scC
57 0x08E4 XOSC counter expired XOSC
PIT
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Table 9-9. Interrupt vector table (continued)

IRQ # Offset Interrupt Module
58 0x08E8 Reserved
59 0x08EC PITimer Channel 0 Periodic Interrupt Timer (PIT)
60 0x08F0 PITimer Channel 1 Periodic Interrupt Timer (PIT)
61 0x08F4 PITimer Channel 2 Periodic Interrupt Timer (PIT)
ADCO
62 0x08F8 ADC_EOC Analog to Digital Converter 0 (ADCO)
63 0x08FC ADC_ER Analog to Digital Converter 0 (ADCO)
64 0x0900 ADC_WD Analog to Digital Converter 0 (ADCO)
FlexCANO
65 0x0904 FLEXCAN_ESR[ERR_INT] FlexCAN 0 (CANO)
66 0x0908 FLEXCAN_ESR_BOFF | FlexCAN 0 (CANO)
FLEXCAN_Transmit_Warning |
FLEXCAN_Receive_Warning
67 0x090C |FLEXCAN_ESR_WAK FlexCAN 0 (CANO)
68 0x0910 FLEXCAN_BUF_00_03 FlexCAN 0 (CANO)
69 0x0914 FLEXCAN_BUF_04_07 FlexCAN 0 (CANO)
70 0x0918 FLEXCAN_BUF_08_11 FlexCAN 0 (CANO)
71 0x091C | FLEXCAN_BUF_12_15 FlexCAN 0 (CANO)
72 0x0920 FLEXCAN_BUF_16_31 FlexCAN 0 (CANO)
73 0x0924 Reserved
DSPIO
74 0x0928 DSPI_SR[TFUF] DSPI 0
DSPI_SR[RFOF]
75 0x092C | DSPI_SR[EOQF] DSPI 0
76 0x0930 DSPI_SR[TFFF] DSPI 0
77 0x0934 DSPI_SR[TCF] DSPI 0
78 0x0938 DSPI_SR[RFDF] DSPI 0
LINFlex0
79 0x093C | LINFlex_RXI LINFlex O
80 0x0940 LINFlex_TXI LINFlex O
81 0x0944 LINFlex_ERR LINFlex O
ADCA1
82 0x0948 ADC_EOC Analog to Digital Converter 1 (ADC1)
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Table 9-9. Interrupt vector table (continued)

IRQ # Offset Interrupt Module
83 0x094C ADC_ER Analog to Digital Converter 1 (ADC1)
84 0x0950 ADC_WD Analog to Digital Converter 1 (ADC1)

FlexCAN1

85 0x0954 FLEXCAN_ESR[ERR_INT] FlexCAN 1 (CAN1)
86 0x0958 FLEXCAN_ESR_BOFF | FlexCAN 1 (CAN1)

FLEXCAN_Transmit_Warning |

FLEXCAN_Receive_Warning
87 0x095C | FLEXCAN_ESR_WAK FlexCAN 1 (CAN1)
88 0x0960 FLEXCAN_BUF_00_03 FlexCAN 1 (CAN1)
89 0x0964 FLEXCAN_BUF_04_07 FlexCAN 1 (CAN1)
90 0x0968 FLEXCAN_BUF_08_11 FlexCAN 1 (CAN1)
91 0x096C | FLEXCAN_BUF_12_15 FlexCAN 1 (CAN1)
92 0x0970 FLEXCAN_BUF_16_31 FlexCAN 1 (CAN1)
93 0x0974 Reserved

DSPI1

94 0x0978 DSPI_SR[TFUF] DSPI 1

DSPI_SR[RFOF]
95 0x097C | DSPI_SR[EOQF] DSPI 1
96 0x0980 DSPI_SR[TFFF] DSPI 1
97 0x0984 DSPI_SR[TCF] DSPI 1
98 0x0988 DSPI_SR[RFDF] DSPI 1

LINFlex1

99 0x098C | LINFlex_RXI LINFlex 1
100 0x0990 LINFlex_TXI LINFlex 1
101 0x0994 LINFlex_ERR LINFlex 1
102 0x0998 Reserved
1083 0x099C Reserved
104 0x09A0 Reserved
105 0x09A4 Reserved
106 0x09A8 Reserved
107 0x09AC Reserved
108 0x09B0 Reserved
109 0x09B4 Reserved
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Table 9-9. Interrupt vector table (continued)

IRQ # Offset Interrupt Module

110 0x09B8 Reserved

111 0x09BC Reserved

112 0x09CO0 Reserved

113 0x09C4 Reserved

DSPI2
114 0x09C8 | DSPI_SR[TFUF] DSPI 2
DSPI_SR[RFOF]

115 0x09CC | DSPI_SR[EOQF] DSPI 2

116 0x09D0 | DSPI_SR[TFFF] DSPI 2

117 0x09D4 | DSPI_SR[TCF] DSPI 2

118 0x09D8 | DSPI_SR[RFDF] DSPI 2

119 0x09DC Reserved

120 0x09E0 Reserved

121 0x09E4 Reserved

122 0x09E8 Reserved

123 0x09EC Reserved

124 0x09F0 Reserved

125 0x09F4 Reserved

126 0x09F8 Reserved

PIT

127 0x09FC PITimer Channel 3 Periodic Interrupt Timer (PIT)
128 0x0A00 Reserved

129 0x0A04 Reserved

130 0x0A08 Reserved

131 0x0A0C Reserved

132 0x0A10 Reserved

FlexRay

133 0x0A14 | CIFRR.FNEAIF FlexRay Controller (FlexRay)
134 0x0A18 | CIFRR.FNEBIF FlexRay Controller (FlexRay)
135 0x0A1C CIFRR.WUPIF FlexRay Controller (FlexRay)
136 0x0A20 CIFRR.PRIF FlexRay Controller (FlexRay)
137 0x0A24 CIFRR.CHIF FlexRay Controller (FlexRay)
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Table 9-9. Interrupt vector table (continued)

IRQ # Offset Interrupt Module
138 0x0A28 CIFRR.TBIF FlexRay Controller (FlexRay)
139 0x0A2C CIFRR.RBIF FlexRay Controller (FlexRay)
140 0x0A30 CIFRR.MIF FlexRay Controller (FlexRay)
141 0x0A34 Reserved
142 0x0A38 Reserved
143 0x0A3C Reserved
144 0x0A40 Reserved
145 0x0A44 Reserved
146 0x0A48 Reserved
147 0x0A4C Reserved
148 0x0A50 Reserved
149 0x0A54 Reserved
150 0x0A58 Reserved
151 0x0A5C Reserved
152 0x0A60 Reserved
153 0x0A64 Reserved
154 0x0A68 Reserved
155 0x0A6C Reserved
156 0x0A70 Reserved

eTimer
157 0x0A74 TCOIR eTimer_0
158 0x0A78 TC1IR eTimer_0
159 0x0A7C TC2IR eTimer_0
160 0x0A80 TC3IR eTimer_0
161 0x0A84 TC4IR eTimer_0
162 0x0A88 TC5IR eTimer_0
163 0x0A8C Reserved
164 0x0A90 Reserved
165 0x0A94 WTIF eTimer_0
166 0x0A98 Reserved
167 0x0A9C |RCF eTimer_0
168 0x0AA0 | TCOIR eTimer_1
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Table 9-9. Interrupt vector table (continued)

IRQ # Offset Interrupt Module
169 0x0AA4 | TC1IR eTimer_1
170 0x0AA8 |TC2IR eTimer_1
171 OX0AAC |TC3IR eTimer_1
172 0x0ABO |TC4IR eTimer_1
173 0x0AB4 | TC5IR eTimer_1
174 0x0AB8 Reserved
175 0x0ABC Reserved
176 0x0ACO Reserved
177 0x0AC4 Reserved
178 0xOAC8 RCF eTimer_1

FlexPWM
179 0X0ACC |RFO FlexPWM_0
180 0x0ADO |COFO FlexPWM_0
181 0x0AD4 |CAFO FlexPWM_0
182 O0x0AD8 |RF1 FlexPWM_0
183 O0x0ADC | COF1 FlexPWM_0
184 OX0AEO | CAF1 FlexPWM_0
185 Ox0AE4 |RF2 FlexPWM_0
186 Ox0AE8 |COF2 FlexPWM_0
187 OX0AEC |CAF2 FlexPWM_0
188 Ox0AF0 |RF3 FlexPWM_0
189 Ox0AF4 | COF3 FlexPWM_0
190 Ox0AF8 | CAF3 FlexPWM_0
191 Ox0AFC |FFLAG FlexPWM_0
192 0x0B00 REF FlexPWM_0
CTU
193 0x0B04 MRS_I CTU_O
194 0x0B08 | TO_I CTU_O0
195 0x0BOC | T1_l CTU_O
196 0x0B10 T2_| CTU_O
197 0x0B14 T3_I CTU_O
198 0x0B18 T4_| CTU_O
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Table 9-9. Interrupt vector table (continued)

IRQ # Offset Interrupt Module
199 0x0B1C | T5_I CTU_O
200 0x0B20 | T6._l CTU_O
201 0x0B24 [ T7_I CTU_O
202 0x0B28 FIFO1_I CTU_O
203 0x0B2C |FIFO2_lI CTU_O
204 0x0B30 FIFO3_I CTU_O
205 0x0B34 FIFO4_I CTU_O
206 0x0B38 |ADC_I CTU_O
207 0x0B3C |ERR_I CTU_O
SafetyPort

208 0x0B40 FLEXCAN_ESR[ERR_INT] SafetyPort (FlexCAN)
209 0x0B44 FLEXCAN_ESR_BOFF | SafetyPort (FlexCAN)

FLEXCAN_Transmit_Warning |

FLEXCAN_Receive_Warning
210 0x0B48 FLEXCAN_ESR_WAK SafetyPort (FlexCAN)
211 0x0B4C FLEXCAN_BUF_0_3 SafetyPort (FlexCAN)
212 0x0B50 FLEXCAN_BUF_4 7 SafetyPort (FlexCAN)
213 0x0B54 FLEXCAN_BUF_8_11 SafetyPort (FlexCAN)
214 0x0B58 FLEXCAN_BUF_12_15 SafetyPort (FlexCAN)
215 0x0B5C FLEXCAN_BUF_16_31 SafetyPort (FlexCAN)
216 0x0B60 Reserved

DSPI3

217 0x0B64 DSPI_SR[TFUF] DSPI_3

DSPI_SR[RFOF]
218 0x0B68 DSPI_SR[EOQF] DSPI_3
219 0x0B6C | DSPI_SR[TFFF] DSPI_3
220 0x0B70 DSPI_SR[TCF] DSPI_3
221 0x0B74 DSPI_SR[RFDF] DSPI_3

9.6.1

The INTC has two types of interrupt requests, peripheral and software configurable. These interrupt

Interrupt request sources

requests can assert on any clock cycle.

MPC5604P Microcontroller Reference Manual, Rev. 6

Freescale Semiconductor

223



9.6.1.1 Peripheral interrupt requests

An interrupt event in a peripheral’s hardware sets a flag bit that resides in the peripheral. The interrupt
request from the peripheral is driven by that flag bit.

The time from when the peripheral starts to drive its peripheral interrupt request to the INTC to the time
that the INTC starts to drive the interrupt request to the processor is three clocks.

External interrupts are handled by the SIU (see Section 11.6.4, “External interrupts).

9.6.1.2 Software configurable interrupt requests

An interrupt request is triggered by software by writing a ‘1’ to a SETx bit in
INTC_SSCIR0_3-INTC_SSCIR4_7. This write sets the corresponding flag bit, CLRX, resulting in the
interrupt request. The interrupt request is cleared by writing a “1” to the CLRXx bit.

The time from the write to the SETx bit to the time that the INTC starts to drive the interrupt request to the
processor is four clocks.

9.6.1.3 Unique vector for each interrupt request source

Each peripheral and software configurable interrupt request is assigned a hardwired unique 9-bit vector.
Software configurable interrupts 0-7 are assigned vectors 0—7 respectively. The peripheral interrupt
requests are assigned vectors 8 to as high as needed to include all the peripheral interrupt requests. The
peripheral interrupt request input ports at the boundary of the INTC block are assigned specific hardwired
vectors within the INTC (see Table 9-1).

9.6.2 Priority management

The asserted interrupt requests are compared to each other based on their PRIx values set in INTC Priority
Select Registers (INTC_PSRO_3-INTC_PSR220 221). The result is compared to PRI in the associated
INTC_CPR. The results of those comparisons manage the priority of the ISR executed by the associated
processor. The associated LIFO also assists in managing that priority.

9.6.2.1 Current priority and preemption

The priority arbitrator, selector, encoder, and comparator subblocks shown in Figure 9-1 compare the priority of the asserted
interrupt requests to the current priority. If the priority of any asserted peripheral or software configurable interrupt request is
higher than the current priority for a given processor, then the interrupt request to the processor is asserted. Also, a unique vector
for the preempting peripheral or software settable interrupt request is generated for INTC interrupt acknowledge register
(INTC_IACKR), and if in hardware vector mode, for the interrupt vector provided to the processor.

9.6.2.1.1 Priority arbitrator subblock

The priority arbitrator subblock for each processor compares all the priorities of all of the asserted interrupt
requests assigned to that processor, both peripheral and software configurable. The output of the priority
arbitrator subblock is the highest of those priorities assigned to a given processor. Also, any interrupt
requests that have this highest priority are output as asserted interrupt requests to the associated request
selector subblock.
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9.6.2.1.2 Request selector subblock

If only one interrupt request from the associated priority arbitrator subblock is asserted, then it is passed
as asserted to the associated vector encoder subblock. If multiple interrupt requests from the associated
priority arbitrator subblock are asserted, only the one with the lowest vector passes as asserted to the
associated vector encoder subblock. The lower vector is chosen regardless of the time order of the
assertions of the peripheral or software configurable interrupt requests.

9.6.2.1.3 Vector encoder subblock

The vector encoder subblock generates the unique 9-bit vector for the asserted interrupt request from the
request selector subblock for the associated processor.

9.6.2.1.4 Priority comparator subblock

The priority comparator submodule compares the highest priority output from the priority arbitrator submodule with PRI in
INTC_CPR. If the priority comparator submodule detects that this highest priority is higher than the current priority, then it asserts
the interrupt request to the processor. This interrupt request to the processor asserts whether this highest priority is raised above
the value of PRI in INTC_CPR or the PRI value in INTC_CPR is lowered below this highest priority. This highest priority then
becomes the new priority that will be written to PRI in INTC_CPR when the interrupt request to the processor is acknowledged.
Interrupt requests whose PRInin INTC_PSRn are zero will not cause a preemption because their PRIn will not be higher than
PRI'in INTC_CPR.

9.6.2.2 Last-in first-out (LIFO)

The LIFO stores the preempted PRI values from the INTC_CPR. Therefore, because these priorities are
stacked within the INTC, if interrupts need to be enabled during the ISR, at the beginning of the interrupt
exception handler the PRI value in the INTC_CPR does not need to be loaded from the INTC_CPR and
stored onto the context stack. Likewise at the end of the interrupt exception handler, the priority does not
need to be loaded from the context stack and stored into the INTC_CPR.

The PRI value in the INTC_CPR is pushed onto the LIFO when the INTC_IACKR is read in software
vector mode or the interrupt acknowledge signal from the processor is asserted in hardware vector mode.
The priority is popped into PRI in the INTC_CPR whenever the INTC_EOIR is written.

Although the INTC supports 16 priorities, an ISR executing with PRI in the INTC_CPR equal to 15 will
not be preempted. Therefore, the LIFO supports the stacking of 15 priorities. However, the LIFO is only
14 entries deep. An entry for a priority of 0 is not needed because of how pushing onto a full LIFO and
popping an empty LIFO are treated. If the LIFO is pushed 15 or more times than it is popped, the priorities
first pushed are overwritten. A priority of 0 would be an overwritten priority. However, the LIFO will pop
Os if it is popped more times than it is pushed. Therefore, although a priority of 0 was overwritten, it is
regenerated with the popping of an empty LIFO.

The LIFO is not memory mapped.

9.6.3 Handshaking with processor

9.6.3.1 Software vector mode handshaking

This section describes handshaking in software vector mode.
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9.6.3.1.1 Acknowledging interrupt request to processor

A timing diagram of the interrupt request and acknowledge handshaking in software vector mode and the
handshake near the end of the interrupt exception handler, is shown in Figure 9-10. The INTC examines
the peripheral and software configurable interrupt requests. When it finds an asserted peripheral or
software configurable interrupt request with a higher priority than PRI in the associated INTC_CPR, it
asserts the interrupt request to the processor. The INTVEC field in the associated INTC _IACKR is
updated with the preempting interrupt request’s vector when the interrupt request to the processor is
asserted. The INTVEC field retains that value until the next time the interrupt request to the processor is
asserted. The rest of handshaking process is described in Section 9.4.1.1, “Software vector mode.

9.6.3.1.2 End of interrupt exception handler

Before the interrupt exception handling completes, INTC end-of-interrupt register (INTC_EOIR) must be written.When written,
the associated LIFO is popped so the preempted priority is restored into PRI of the INTC_CPR. Before it is written, the peripheral
or software configurable flag bit must be cleared so that the peripheral or software configurable interrupt request is negated.

NOTE

To ensure proper operation across all eSys MCUs, execute an MBAR oOr
MSYNC instruction between the access to clear the flag bit and the write to
the INTC_EOIR.

When returning from the preemption, the INTC does not search for the peripheral or software settable
interrupt request whose ISR was preempted. Depending on how much the ISR progressed, that interrupt
request may no longer even be asserted. When PRI in INTC_CPR is lowered to the priority of the
preempted ISR, the interrupt request for the preempted ISR or any other asserted peripheral or software
settable interrupt request at or below that priority will not cause a preemption. Instead, after the restoration
of the preempted context, the processor will return to the instruction address that it was to next execute
before it was preempted. This next instruction is part of the preempted ISR or the interrupt exception
handler’s prolog or epilog.
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Peripheral interrupt request 100 / .- -- --\

Figure 9-10. Software vector mode handshaking timing diagram

9.6.3.2 Hardware vector mode handshaking

A timing diagram of the interrupt request and acknowledge handshaking in hardware vector mode, along
with the handshaking near the end of the interrupt exception handler, is shown in Figure 9-11. As in
software vector mode, the INTC examines the peripheral and software settable interrupt requests, and
when it finds an asserted one with a higher priority than PRI in INTC_CPR, it asserts the interrupt request
to the processor. The INTVEC field in the INTC_IACKR is updated with the preempting peripheral or
software settable interrupt request’s vector when the interrupt request to the processor is asserted. The
INTVEC field retains that value until the next time the interrupt request to the processor is asserted. In
addition, the value of the interrupt vector to the processor matches the value of the INTVEC field in the
INTC_IACKR. The rest of the handshaking is described in” Section 9.4.1.2, “Hardware vector mode.

The handshaking near the end of the interrupt exception handler, that is the writing to the INTC_EOIR, is
the same as in software vector mode. Refer to Section 9.6.3.1.2, “End of interrupt exception handler.
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Figure 9-11. Hardware vector mode handshaking timing diagram

9.7 Initialization/application information

9.7.1 Initialization flow

After exiting reset, all of the PRIn fields in INTC Priority Select Registers
(INTC_PSRO_3-INTC_PSR220 _221) will be zero, and PRI in INTC current priority register
(INTC_CPR) will be 15. These reset values will prevent the INTC from asserting the interrupt request to
the processor. The enable or mask bits in the peripherals are reset such that the peripheral interrupt requests
are negated. An initialization sequence for allowing the peripheral and software settable interrupt requests
to cause an interrupt request to the processor is: interrupt_request_initialization:

interrupt_request_initialization:

configure VTES and HVEN in INTC_MCR

configure VTBA in INTC_IACKR

raise the PRIn fields in INTC_PSRn

set the enable bits or clear the mask bits for the peripheral interrupt requests

lower PRI in INTC_CPR to zero
enable processor recognition of interrupts

9.7.2 Interrupt exception handler

These example interrupt exception handlers use Power Architecture assembly code.
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9.7.2.1 Software vector mode

interrupt_exception_handler:
code to create stack frame, save working register, and save SRRO and SRR1

lis r3, INTC_IACKR@ha # form adjusted upper half of INTC_IACKR address

lwz r3, INTC_I1ACKR@I(r3) # load INTC_IACKR, which clears request to processor
lwz r3,0x0(r3) # load address of ISR from vector table

wrteei 1 # enable processor recognition of interrupts

code to save rest of context required by e500 EABI

mtlr r3 # move INTC_IACKR contents into link register

birl # branch to ISR; link register updated with epilog
# address

epilog:

code to restore most of context required by e500 EABI

# Popping the LIFO after the restoration of most of the context and the disabling of processor
# recognition of interrupts eases the calculation of the maximum stack depth at the cost of
# postponing the servicing of the next interrupt request.

mbar # ensure store to clear flag bit has completed

lis r3, INTC_EOIR@ha # form adjusted upper half of INTC_EOIR address

li r4,0x0 # form 0 to write to INTC_EOIR

wrteei O # disable processor recognition of interrupts

stw r4,INTC_EOIR@I(r3) # store to INTC_EOIR, informing INTC to lower priority

code to restore SRRO and SRR1, restore working registers, and delete stack frame

rfi

vector_table_base_address:
address of ISR for interrupt with vector O
address of ISR for interrupt with vector 1

address of ISR for interrupt with vector 510
address of ISR for interrupt with vector 511

ISRx:
code to service the interrupt event
code to clear flag bit that drives interrupt request to INTC

blr # return to epilog

9.7.2.2 Hardware vector mode

This interrupt exception handler is useful with processor and system bus implementations that support a
hardware vector. This example assumes that each interrupt_exception_handlerx only has space for four
instructions, and therefore a branch to interrupt_exception_handler_continuedx is needed.

interrupt_exception_handlerx:
b interrupt_exception_handler_continuedx# 4 instructions available, branch to continue
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interrupt_exception_handler_continuedx:
code to create stack frame, save working register, and save SRRO and SRR1

wrteei 1 # enable processor recognition of interrupts

code to save rest of context required by e500 EABI

bl 1SRx # branch to ISR for interrupt with vector x

epilog:

code to restore most of context required by e500 EABI

# Popping the LIFO after the restoration of most of the context and the disabling of processor

# recognition of interrupts eases the calculation of the maximum stack depth at the cost of
# postponing the servicing of the next interrupt request.

mbar # ensure store to clear flag bit has completed

lis r3, INTC_EOIR@ha # form adjusted upper half of INTC_EOIR address

li r4,0x0 # form O to write to INTC_EOIR

wrteei O # disable processor recognition of interrupts

stw r4,INTC_EOIR@I(r3) # store to INTC_EOIR, informing INTC to lower priority

code to restore SRRO and SRR1, restore working registers, and delete stack frame
rfi

I1SRx:

code to service the interrupt event

code to clear flag bit that drives interrupt request to INTC
blr # branch to epilog

9.7.3 ISR, RTOS, and task hierarchy

The RTOS and all of the tasks under its control typically execute with PRI in INTC current priority register
(INTC_CPR) having a value of 0. The RTOS will execute the tasks according to whatever priority scheme
that it may have, but that priority scheme is independent and has a lower priority of execution than the
priority scheme of the INTC. In other words, the ISRs execute above INTC_CPR priority 0 and outside
the control of the RTOS, the RTOS executes at INTC_CPR priority 0, and while the tasks execute at
different priorities under the control of the RTOS, they also execute at INTC_CPR priority 0.

If a task shares a resource with an ISR and the PCP is being used to manage that shared resource, then the
task’s priority can be elevated in the INTC_CPR while the shared resource is being accessed.

An ISR whose PRIn in INTC Priority Select Registers (INTC_PSRO_3-INTC_PSR220 221) has a value
of 0 will not cause an interrupt request to the processor, even if its peripheral or software settable interrupt
request is asserted. For a peripheral interrupt request, not setting its enable bit or disabling the mask bit
will cause it to remain negated, which consequently also will not cause an interrupt request to the
processor. Since the ISRs are outside the control of the RTOS, this ISR will not run unless called by another
ISR or the interrupt exception handler, perhaps after executing another ISR.
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9.74

Order of execution

An ISR with a higher priority can preempt an ISR with a lower priority, regardless of the unique vectors
associated with each of their peripheral or software configurable interrupt requests. However, if multiple
peripheral or software configurable interrupt requests are asserted, more than one has the highest priority,

and that priority is high enough to cause preemption, the INTC selects the one with the lowest unique

vector regardless of the order in time that they asserted. However, the ability to meet deadlines with this
scheduling scheme is no less than if the ISRs execute in the time order that their peripheral or software

configurable interrupt requests asserted.

The example in Table 9-10 shows the order of execution of both ISRs with different priorities and the same

priority
Table 9-10. Order of ISR execution example
Code Executing at End of Step PRI in
Step . INTC_CPR
# Step Description ISR108 | ISR20 | ISR30 | ISR40 | JMEMUPL | "o Erg of
RTOS 1 Exception
8 8 8 Step
Handler

1 | RTOS at priority 0 is executing. X 0

2 | Peripheral interrupt request 100 at X 1
priority 1 asserts. Interrupt taken.

3 | Peripheral interrupt request 400 at X 4
priority 4 is asserts. Interrupt taken.

4 | Peripheral interrupt request 300 at X 4
priority 3 is asserts.

5 | Peripheral interrupt request 200 at X 4
priority 3 is asserts.

6 |ISR408 completes. Interrupt X 1
exception handler writes to
INTC_EOIR.

7 | Interrupt taken. ISR208 starts to X 3
execute, even though peripheral
interrupt request 300 asserted first.

8 |ISR208 completes. Interrupt X 1
exception handler writes to
INTC_EOIR.

9 | Interrupt taken. ISR308 starts to X 3
execute.

10 [ISR308 completes. Interrupt X 1
exception handler writes to
INTC_EOIR.

11 |ISR108 completes. Interrupt X 0
exception handler writes to
INTC_EOIR.

12 | RTOS continues execution. X 0
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T ISR108 executes for peripheral interrupt request 100 because the first eight ISRs are for software configurable
interrupt requests.

9.7.5 Priority ceiling protocol

9.7.5.1 Elevating priority

The PRI field in INTC_CPR is elevated in the OSEK PCP to the ceiling of all of the priorities of the ISRs
that share a resource. This protocol allows coherent accesses of the ISRs to that shared resource.

For example, ISR1 has a priority of 1, ISR2 has a priority of 2, and ISR3 has a priority of 3. They share
the same resource. Before ISR1 or ISR2 can access that resource, they must raise the PRI value in
INTC_CPR to 3, the ceiling of all of the ISR priorities. After they release the resource, the PRI value in
INTC_CPR can be lowered. If they do not raise their priority, ISR2 can preempt ISR1, and ISR3 can
preempt ISR1 or ISR2, possibly corrupting the shared resource. Another possible failure mechanism is
deadlock if the higher priority ISR needs the lower priority ISR to release the resource before it can
continue, but the lower priority ISR cannot release the resource until the higher priority ISR completes and
execution returns to the lower priority ISR.

Using the PCP instead of disabling processor recognition of all interrupts eliminates the time when
accessing a shared resource that all higher priority interrupts are blocked. For example, while ISR3 cannot
preempt ISR1 while it is accessing the shared resource, all of the ISRs with a priority higher than 3 can
preempt ISR1.

9.7.5.2 Ensuring coherency

A scenario can cause non-coherent accesses to the shared resource. For example, ISR1 and ISR2 are both
running on the same core and both share a resource. ISR1 has a lower priority than ISR2. ISR1 is executing
and writes to the INTC_CPR. The instruction following this store is a store to a value in a shared coherent
data block. Either immediately before or at the same time as the first store, the INTC asserts the interrupt
request to the processor because the peripheral interrupt request for ISR2 has asserted. As the processor is
responding to the interrupt request from the INTC, and as it is aborting transactions and flushing its
pipeline, it is possible that both stores will be executed. ISR2 thereby thinks that it can access the data
block coherently, but the data block has been corrupted.

OSEK uses the GetResource and ReleaseResource system services to manage access to a shared resource.
To prevent corruption of a coherent data block, modifications to PRI in INTC_CPR can be made by those
system services with the code sequence:

disable processor recognition of interrupts
PRI modification
enable processor recognition of interrupts

9.7.6 Selecting priorities according to request rates and deadlines

The selection of the priorities for the ISRs can be made using rate monotonic scheduling (RMS) or a
superset of it, deadline monotonic scheduling (DMS). In RMS, the ISRs that have higher request rates have
higher priorities. In DMS, if the deadline is before the next time the ISR is requested, then the ISR is
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assigned a priority according to the time from the request for the ISR to the deadline, not from the time of
the request for the ISR to the next request for it.

For example, ISR1 executes every 100 us, ISR2 executes every 200 s, and ISR3 executes every 300 s.
ISR1 has a higher priority than ISR2, which has a higher priority than ISR3; however, if ISR3 has a
deadline of 150 ps, then it has a higher priority than ISR2.

The INTC has 16 priorities, which may be less than the number of ISRs. In this case, the ISRs should be
grouped with other ISRs that have similar deadlines. For example, a priority could be allocated for every
time the request rate doubles. ISRs with request rates around 1 ms would share a priority, ISRs with request
rates around 500 us would share a priority, ISRs with request rates around 250 ps would share a priority,
etc. With this approach, a range of ISR request rates of 216 could be included, regardless of the number of
ISRs.

Reducing the number of priorities reduces the processor’s ability to meet its deadlines. However, reducing
the number of priorities can reduce the size and latency through the interrupt controller. It also allows
easier management of ISRs with similar deadlines that share a resource. They do not need to use the PCP
to access the shared resource.

9.7.7 Software configurable interrupt requests

The software configurable interrupt requests can be used in two ways. They can be used to schedule a
lower priority portion of an ISR and they may also be used by processors to interrupt other processors in
a multiple processor system.

9.7.71 Scheduling a lower priority portion of an ISR

A portion of an ISR needs to be executed at the PRIx value in INTC Priority Select Registers
(INTC_PSRO_3-INTC_PSR220 221), which becomes the PRI value in INTC_CPR with the interrupt
acknowledge. The ISR, however, can have a portion that does not need to be executed at this higher
priority. Therefore, executing the later portion that does not need to be executed at this higher priority can
prevent the execution of ISRs that do not have a higher priority than the earlier portion of the ISR but do
have a higher priority than what the later portion of the ISR needs. This preemptive scheduling inefficiency
reduces the processor’s ability to meet its deadlines.

One option is for the ISR to complete the earlier higher priority portion, but then schedule through the
RTOS a task to execute the later lower priority portion. However, some RTOSs can require a large amount
of time for an ISR to schedule a task. Therefore, a second option is for the ISR, after completing the higher
priority portion, to set a SETx bit in INTC_SSCIR0_3-INTC_SSCIR4_7. Writing a ‘1’ to SETx causes a
software configurable interrupt request. This software configurable interrupt request will usually have a
lower PRIx value in the INTC_PSRx_x and will not cause preemptive scheduling inefficiencies. After
generating a software settable interrupt request, the higher priority ISR completes. The lower priority ISR
is scheduled according to its priority. Execution of the higher priority ISR is not resumed after the
completion of the lower priority ISR.
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9.7.7.2 Scheduling an ISR on another processor

Because the SETx bits in the INTC_SSCIRx_x are memory mapped, processors in multiple-processor
systems can schedule ISRs on the other processors. One application is that one processor wants to
command another processor to perform a piece of work and the initiating processor does not need to use
the results of that work. If the initiating processor is concerned that the processor executing the software
configurable ISR has not completed the work before asking it to again execute the ISR, it can check if the
corresponding CLRx bit in INTC_SSCIRx_x is asserted before again writing a ‘1’ to the SETx bit.

Another application is the sharing of a block of data. For example, a first processor has completed
accessing a block of data and wants a second processor to then access it. Furthermore, after the second
processor has completed accessing the block of data, the first processor again wants to access it. The
accesses to the block of data must be done coherently. To do this, the first processor writes a ‘1’ to a SETx
bit on the second processor. After accessing the block of data, the second processor clears the
corresponding CLRx bit and then writes 1 to a SETX bit on the first processor, informing it that it can now
access the block of data.

9.7.8 Lowering priority within an ISR

A common method for avoiding preemptive scheduling inefficiencies with an ISR whose work spans
multiple priorities (see Section 9.7.7.1, “Scheduling a lower priority portion of an ISR) is to lower the
current priority. However, the INTC has a LIFO whose depth is determined by the number of priorities.

NOTE

Lowering the PRI value in INTC_CPR within an ISR to below the ISR’s
corresponding PRI value in INTC Priority Select Registers
(INTC_PSRO_3-INTC_PSR220 _221) allows more preemptions than the
LIFO depth can support.

Therefore, the INTC does not support lowering the current priority within an ISR as a way to avoid
preemptive scheduling inefficiencies.

9.7.9 Negating an interrupt request outside of its ISR

9.7.9.1 Negating an interrupt request as a side effect of an ISR

Some peripherals have flag bits that can be cleared as a side effect of servicing a peripheral interrupt
request. For example, reading a specific register can clear the flag bits and their corresponding interrupt
requests. This clearing as a side effect of servicing a peripheral interrupt request can cause the negation of
other peripheral interrupt requests besides the peripheral interrupt request whose ISR presently is
executing. This negating of a peripheral interrupt request outside of its ISR can be a desired effect.

9.7.9.2 Negating multiple interrupt requests in one ISR

An ISR can clear other flag bits besides its own. One reason that an ISR clears multiple flag bits is because
it serviced those flag bits, and therefore the ISRs for these flag bits do not need to be executed.
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9.7.9.3 Proper setting of interrupt request priority

Whether an interrupt request negates outside its own ISR due to the side effect of an ISR execution or the
intentional clearing a flag bit, the priorities of the peripheral or software configurable interrupt requests for
these other flag bits must be selected properly. Their PRIx values in INTC Priority Select Registers
(INTC_PSRO_3-INTC_PSR220 221) must be selected to be at or lower than the priority of the ISR that
cleared their flag bits. Otherwise, those flag bits can cause the interrupt request to the processor to assert.
Furthermore, the clearing of these other flag bits also has the same timing relationship to the writing to
INTC_SSCIR0_3-INTC_SSCIR4_7 as the clearing of the flag bit that caused the present ISR to be
executed (see Section 9.6.3.1.2, “End of interrupt exception handler).

A flag bit whose enable bit or mask bit negates its peripheral interrupt request can be cleared at any time,
regardless of the peripheral interrupt request’s PRIx value in INTC_PSRx_x.

9.7.10 Examining LIFO contents

In normal mode, the user does not need to know the contents of the LIFO. He may not even know how
deeply the LIFO is nested. However, if he wants to read the contents, such as in debug mode, they are not
memory mapped. The contents can be read by popping the LIFO and reading the PRI field in either
INTC_CPR. The code sequence is:

pop_lifo:

store to INTC_EOIR

load INTC_CPR, examine PRI, and store onto stack
if PRI is not zero or value when interrupts were enabled, branch to pop_lifo

When the examination is complete, the LIFO can be restored using this code sequence:

push_lifo:

load stacked PRI value and store to INTC _CPR

load INTC_IACKR

if stacked PRI values are not depleted, branch to push_lifo
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Chapter 10 System Status and Configuration Module
(SSCM)

10.1 Introduction

10.1.1  Overview

The System Status and Configuration Module (SSCM), pictured in Figure 10-1, provides central device
functionality.

System Status and Configuration Module

RevID

Hardmacro

Deb Core t
POI'L':g e—— Logic
] _

Bus Peripheral

Interface g Bus

Interface

System ‘

Status

] Password

Comparator

Figure 10-1. SSCM block diagram

10.1.2 Features

The SSCM includes these features:

» System configuration and status
— Memory sizes/status
— Device mode and security status
— Determine boot vector
— Search Code Flash for bootable sector
— DMA status

» Debug status port enable and selection
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» Bus and peripheral abort enable/disable

10.1.3 Modes of operation

The SSCM operates identically in all system modes.

10.2 Memory map and register description

This section provides a detailed description of all memory-mapped registers in the SSCM.

10.2.1 Memory map

Table 10-1 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 10-1. SSCM memory map

Offset from
SSCM_BASE Register Location

(0xC3FD_8000)
0x0000 STATUS—System Status register on page 239
0x0002 MEMCONFIG—System Memory Configuration register on page 240
0x0004 Reserved (Reads/Writes have no effect)
0x0006 ERROR—Etror Configuration register on page 241
0x0008 DEBUGPORT—Debug Status Port register on page 242
0x000A Reserved (Reads/Writes have no effect)
0x000C PWCMPH—Password Comparison High Word register on page 244
0x0010 PWCMPL—Password Comparison Low Word register on page 244

0x0014-0x3FFF | Reserved

All registers are accessible via 8, 16 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 MEMCONFIG
register is accessible by a 16-bit read/write to address Base + 0x0002, but performing a 16-bit access to
Base + 0x0003 is illegal.

10.2.2 Register description

Each description includes a standard register diagram. Details of register bit and field function follow the
register diagrams, in bit order. The numbering convention of the registers is MSB = 0, however the
numbering of the internal fields is LSB = 0, for example, register SSCM_STATUS[8] = BMODE[2].
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Always| 1 | Always| O R/W | BIT | Read-|BIT | Write- Write 1| BIT Self-| 0 N/A

reads 1 reads O bit only bit only bit to clear clear
BIT wi bit | BIT

Figure 10-2. Key to register fields

10.2.2.1 System Status register (STATUS)

The system status register is a read-only register that reflects the current state of the system.

Address: Base + 0x0000 Access: Read-only
1 4 5 6 7 8 9 10 11 12 13 14 15
Rl o| o | o] o |5 |pPuBlSEC| O BMODE[2:0] o |ABD| 0 | 0o | O
<
z
W
RESET: 0 0 0 0 0 0 0 o 01 01 01 0 0 0 0 0

Figure 10-3. Status (STATUS) register

Table 10-2. STATUS allowed register accesses

Access width

Access type

8-bit 16-bit 32-bit"
Read Allowed Allowed Allowed
Write Not allowed Not allowed Not allowed

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

Table 10-3. STATUS field descriptions

Field Description

NXEN | Nexus enabled

PUB Public Serial Access Status

This bit indicates whether serial boot mode with public password is allowed.

1: Serial boot mode with public password allowed

0: Serial boot mode with private Flash password allowed, provided the key has not been swallowed

SEC Security Status

This bit reflects the current security state of the Flash.
1: Flash secured

0: Flash not secured

BMODE | Device Boot Mode

[2:0] 000: Reserved for FlexRay boot serial boot loader
001: Legacy bootstrap via CAN (no autobaud)
010: Legacy bootstrap via UART (no autobaud)
011: Single Chip
100-111: Reserved
This field is updated only during reset.
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Table 10-3. STATUS field descriptions (continued)

Field Description

ABD | Autobaud
Indicates that autobaud detection is active when in SCI or CAN serial boot loader mode. No meaning in
other modes.

10.2.2.2 System Memory Configuration register (MEMCONFIG)

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

Address: Base + 0x0002 Access: Read-only
0 1 2 3 ‘ 4 5 6 7 ‘ 8 9 10 1 ‘ 12 13 14 15
R O 1 0 0 0 1 0 0 1 1 |IVLD| O 0 1 1 |DVLD
we | ] [ |

Reset 0 1 o0 o0 0 1 o0 o041 1 1 o0 0 1 1 1
Figure 10-4. System memory configuration (MEMCONFIG) register

Table 10-4. MEMCONFIG field descriptions

Field Description

0:9 Reserved (Read only)
A write to these bits has no effect. A read of this bit field is always 0100010011.

CFlash Valid

IVLD | This bit identifies whether or not the on-chip CFlash is accessible in the system memory map. The Flash
may not be accessible due to security limitations.

1: CFlash accessible

0: CFlash not accessible

Note: This is a status bit only and writing to this bit does not enable the CFlash if it has been disabled due
to specific mode of operation.

11:14 | Reserved (Read only)
A write to these bits has no effect. A read of this bit field is always 0011.

DVLD |DFlash Valid

This bit identifies whether or not the on-chip DFlash is visible in the system memory map. The Flash may
not be accessible due to security limitations.

1: DFlash visible

0: DFlash not visible

Note: This is a status bit only and writing to this bit does not enable the CFlash if it has been disabled due
to specific mode of operation.
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Table 10-5. MEMCONFIG allowed register accesses

Access width
Access type
8-bit 16-bit 32-bit
Read Allowed Allowed Allowed
(also reads STATUS
register)
Write Not allowed Not allowed Not allowed

10.2.2.3

Error Configuration (ERROR) register

The Error Configuration register is a read-write register that controls the error handling of the system.

Address: Base + 0x0006

Access: User 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 0 0 0
PAE | RAE
w
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 10-5. Error Configuration (ERROR) register
Table 10-6. ERROR field descriptions
Field Description
PAE Peripheral Bus Abort Enable
This bit enables bus aborts on any access to a peripheral slot that is not used on the device. This 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.
RAE 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.
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.

NOTE

Transfers to Peripheral Bus resources may be aborted even before they
reach the Peripheral Bus (i.e., at the PRIDGE level). In this case, the PAE

and RAE register bits will have no effect on the abort.

Table 10-7. ERROR allowed register accesses

Access type

Access width

8-bit 16-bit 32-bit
Read Allowed Allowed Allowed
Write Allowed Allowed Not allowed
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10.2.2.4 Debug Status Port (DEBUGPORT) register
The Debug Status Port register provides debug data on a set of pins.

Address: Base + 0x0008 Access: User read/write

0 1 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 DEBUG_MODE
W [2:0]

Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 10-6. Debug Status Port (DEBUGPORT) register

Table 10-8. DEBUGPORT field descriptions

Field Description

13-15
DEBUG_MODE[2:0]

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

011: Mode 3 selected

100: Mode 4 selected

101: Mode 5 selected

110: Mode 6 selected

111: Mode 7 selected

Table 10-9 describes the functionality of the Debug Status Port in each mode.

Table 10-9. Debug Status Port modes

P1in Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7

0 | STATUS|0]| STATUS[8] | MEMCONFIG[0 | MEMCONFIG[8] | Reserved Reserved Reserved
]

1 | STATUS[1]| STATUS[9] | MEMCONFIG[1 | MEMCONFIG[9] Reserved Reserved Reserved
]

2 | STATUS[2] | STATUS[10] | MEMCONFIG[2 | MEMCONFIG[10 | Reserved Reserved Reserved
] ]

3 | STATUS[3] | STATUS[11] | MEMCONFIG[3 | MEMCONFIG[11 Reserved Reserved Reserved
] ]

4 | STATUS[4] | STATUS[12] | MEMCONFIG[4 | MEMCONFIG[12 Reserved Reserved Reserved
] ]

5 | STATUS[5] | STATUS[13] | MEMCONFIG[5 | MEMCONFIG[13| Reserved Reserved Reserved
] ]

6 |STATUS[6] | STATUS[14] | MEMCONFIG[6 | MEMCONFIG[14| Reserved Reserved Reserved
] ]

7 | STATUS[7] | STATUS[15] | MEMCONFIG[7 | MEMCONFIG[15| Reserved Reserved Reserved
] ]

All signals are active high, unless otherwise noted
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Table 10-10. DEBUGPORT allowed register accesses

Access width
Access type

8-bit 16-bit 32-bit’
Read Allowed Allowed Not allowed
Write Allowed Allowed Not allowed

T All 32-bit accesses must be aligned to 32-bit addresses (i.e., 0x0, 0x4, 0x8 or 0xC).
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10.2.2.5 Password comparison registers

These registers allow to unsecure the device, if the correct password is known.

Address: Base + 0x000C Access: User read/write

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

RRoJoJoJo]JoJoJo|JoJoJo]Jo]o]JoJo]o]o
w PWD_HI[31:16]

Resetoooo]oooo]oooo]oooo

RRoJoJoJo|JoJo[o]JoJoJo[o]o|]o]o]Jo]o
w PWD_HI[15:0]

Resetoooo\oooo\oooo\oooo

Figure 10-7. Password Comparison Register High Word (PWCMPH) register
Address: Base + 0x0010 Access: User read/write

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

RRroJofJofJo]Jo]Jo]o]Jo]o]JoJ]o[oJo]Jo]Jo]o
w PWD_LO[31:16]

Reset 0 0 0 o\o 0 0 o\o 0

o
o
-
o
o
o

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Ro\o\o\o o\o\o\o o\o\
W PWD_LO[15:0]

o
o
o
o
o
o

Resst 0 0 0 oO0/0 0 o0 O[O0 o o0 0[O0 0 0 O
Figure 10-8. Password Comparison Register Low Word (PWCMPL) register
Table 10-11. PWCMPH/L field descriptions
Field Description
PWD_HI[31:0] Upper 32 bits of the password
PWD_LO[31:0] Lower 32 bits of the password
Table 10-12. PWCMPH/L allowed register accesses
Access width
Access type
8-bit 16-bit 32-bit’
Read Allowed Allowed Allowed
Write Not allowed Not allowed Allowed

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

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.

10.4 |Initialization/application information

10.4.1 Reset

The reset state of each individual bit is shown in Section 10.2.2, “Register description.
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Chapter 11 System Integration Unit Lite (SIUL)

11.1 Introduction

This chapter describes the System Integration Unit Lite (SIUL), which is used for the management of the
pads and their configuration. It controls the multiplexing of the alternate functions used on all pads and is
responsible for managing the external interrupts to the device.

11.2 Overview

The System Integration Unit Lite (SIUL) controls the MCU pad configuration, ports, general-purpose
input and output (GPIO) signals and external interrupts with trigger event configuration. Figure 11-1isa
block diagram of the SIUL and its interfaces to other system components.

The module provides dedicated general-purpose pads that can be configured as either inputs or outputs.
When configured as an output, you can write to an internal register to control the state driven on the
associated output pad. When configured as an input, you can detect the state of the associated pad by
reading the value from an internal register. When configured as an input and output, the pad value can be
read back, which can be used a method of checking if the written value appeared on the pad.
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SIUL Module
Pad Config (IOMUXC)
108

< » Pad Cfg (PCRs)

GPIO Functionality

Y Y
108
- g M > 10 PADS
MUX
108 108
<€—  Pad Input - < >
IPS
Master |
Interrupt Functionality
32 Interrupt
< »| Interrupt ) Controller
- Configuration 4
- Glitch Filter >
IPS
BUS

Figure 11-1. System Integration Unit Lite block diagram

11.3 Features

The System Integration Unit Lite provides these features:
* GPIO
— GPIO function on up to 106 1/O pins
— Dedicated input and output registers for each GP1O pin
» External interrupts
— 4 system interrupt vectors for up to 32 interrupt sources
— 32 programmable digital glitch filters
— Independent interrupt mask
— Edge detection
» System configuration
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— Pad configuration control

11.3.1 Register protection

Most of the configuration registers of the System Integration Unit Lite are protected from accidental
writes, see Appendix A, “Registers Under Protection.

11.4 External signal description

The pad configuration allows flexible, centralized control of the pin electrical characteristics of the MCU
with the GP10O control providing centralized general purpose 1/O for an MCU that multiplexes GP1O with
other signals at the 1/0 pads. These other signals, or alternate functions, will normally be the peripherals
functions. The internal multiplexing allows user selection of the input to chip-level signal multiplexers.
Each GPIO port communicates via 16 1/0 channels. In order to use the pad as a GPIO, the corresponding
Pad Configuration Registers (PCR[0:107]) for all pads used in the port must be configured as GPIO rather
than as the alternate pad function.

Table 11-1 lists the external pins used by the SIUL.
' Table 11-1. SIUL signal properties

GPIO category Name 1/0 direction Function
System configuration GPIOI[0:19], Input/Output | General-purpose input/output
GPIO[22],
GPIO[35:62]
GPIO[77:107]
GPIO[23:34], Input Analog precise channel pins
GPIO[63:76]
External interrupt EIRQ[0:31] Input Pins with External Interrupt Request functionality.
Please refer to the signal description chapter of this
reference manual for details.

11.4.1 Detailed signal descriptions

11.4.1.1 General-purpose I/O pins (GPIO[0:107])

The GPIO pins provide general-purpose input and output function. The GPIO pins are generally
multiplexed with other 1/0 pin functions. Each GP1O input and output is separately controlled by an input
(GPDIn_n) or output (GPDON_n) register.

See Section 11.5.2.10, “GPI10 Pad Data Output registers 0_3-104 107 (GPDOJ[0_3:104_107]) and
Section 11.5.2.11, “GPIO Pad Data Input registers 0_3-104_107 (GPDI[0_3:104_107]).

11.4.1.2 External interrupt request input pins (EIRQ[0:31])

The EIRQJ0:31] are connected to the SIUL inputs. Rising or falling edge events are enabled by setting the
corresponding bits in the “n” SIUL_IREER or the SIUL_IFEER register. See Section 11.5.2.5, “Interrupt
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Rising-Edge Event Enable Register (IREER) and Section 11.5.2.6, “Interrupt Falling-Edge Event Enable
Register (IFEER).
11.5 Memory map and register description

This section provides a detailed description of all registers accessible in the SIUL module.

11.5.1 SIUL memory map

Table 11-2 lists the SIUL registers.
Table 11-2. SIUL memory map

Offset from
SIUL_BASE Register Location
(0xC3F9_0000)

0x0000—-0x0003 | Reserved

0x0004 MCU ID Register #1 (MIDR1) on page 251

0x0008 MCU ID Register #2 (MIDR2) on page 253

0x000C—0x0013 | Reserved

0x0014 Interrupt Status Flag Register (ISR) on page 254

0x0018 Interrupt Request Enable Register (IRER) on page 254

0x001C—-0x0027 | Reserved

0x0028 Interrupt Rising-Edge Event Enable Register (IREER) on page 255
0x002C Interrupt Falling-Edge Event Enable Register (IFEER) on page 255
0x0030 Interrupt Filter Enable Register (IFER) on page 256

0x0034—-0x003F | Reserved

0x0040-0x0116 | Pad Configuration Registers (PCR[0:1071]) on page 256

0x0118—0x04FF | Reserved

0x0500-0x0520 |Pad Selection for Multiplexed Inputs registers (PSMI[0_3:32_35]) | on page 258

0x0524—0x05FF | Reserved

0x0600-0x0668 | GPIO Pad Data Output registers 0_3-104_107 on page 264
(GPDO[0_3:104_107])

0x066C—0x07FF | Reserved

0x0800-0x0868 | GPIO Pad Data Input registers 0_3-104_107 on page 264
(GPDI[0_3:104_107])

0x086C—0x0BFF | Reserved

0x0C00-0x0COC | Parallel GPIO Pad Data Out register 0-3 (PGPDO[0:3]) on page 265

0x0C10-0x0C3F | Reserved

0x0C40-0x0C4C | Parallel GPIO Pad Data In register 0-3 (PGPDI[0:3]) on page 265
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Table 11-2. SIUL memory map (continued)

Offset from
SIUL_BASE
(0xC3F9_0000)

Register Location

Reserved

Masked Parallel GPIO Pad Data Out register 0-6 (MPGPDO[0:6])

0x0C50-0x0C7F

0x0C80-0x0C98 on page 266

0x0C9C—-OxOFFF | Reserved

0x1000-0x107C | Interrupt Filter Maximum Counter registers 0-31 (IFMC[0:31]) on page 267

0x1080 Interrupt Filter Clock Prescaler Register (IFCPR) on page 267

0x1084—0x3FFF | Reserved

NOTE

A transfer error will be issued when trying to access completely reserved
register space.

11.5.2

This section describes in address order all the SIUL registers. Each description includes a standard register
diagram. Details of register bit and field function follow the register diagrams, in bit order. The numbering
convention of register is MSB = 0, however the numbering of internal field is LSB = 0, for example
PARTNUM][5] = MIDR1[10].

Register description

Always | 1 |Always | ¢ Read- | BIT | Write- Write1 | BIT| Self- 0 N/A
reads 1 reads 0 R/W BIT only bit only bit to clear clear
i bit
bit BIT wi BIT
c
Figure 11-2. Key to register fields
11.5.2.1 MCU ID Register #1 (MIDR1)
This register contains the part number and the package 1D of the device.
Address: Base + 0x0004 Access: User read-only
0 1 2 3 ’ 4 5 6 7 ’ 8 9 10 11 ’ 12 13 14 15
R PARTNUM[15:0]
we [ [ [ [ ] [ [ ] |
Reset 0 1 0 1 0 1 1 0 0 0 0 0 0 1 0 0
16 17 18 19 ‘ 20 21 22 23 | 24 25 26 27 | 28 29 30 3t
R| CSP PKG[4:0] 0 0 MAJOR_MASKI3:0]" MINOR_MASK[3:0]'
w | | [ [ ] |
Reset 0 0 1 1 0 1 0 0 0 0 0 0 0 0 0 0

Figure 11-3. MCU ID Register #1 (MIDR1)
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1 See Table 11-3.

Table 11-3. MIDR1 field descriptions

Field Description

PARTNUM[15:0] |MCU Part Number

Device part number of the MCU.
0101_0110_0000_0001: 192 KB
0101_0110_0000_0010: 256 KB
0101_0110_0000_0011:384 KB
0101_0110_0000_0100: 512 KB

For the full part number this field needs to be combined with MIDR2.PARTNUM[23:16]

CSP Always reads back 0

PKG[4:0] Package Settings

Can by read by software to determine the package type that is used for the particular device:
01001: 100-pin LQFP

01101: 144-pin LQFP

MAJOR_MASK]3:0] | Major Mask Revision
Counter starting at 0x0. Incremented each time a resynthesis is done.

MINOR_MASK]3:0] | Minor Mask Revision
Counter starting at 0x0. Incremented each time a mask change is done.
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11.5.2.2 MCU ID Register #2 (MIDR2)

This register contains additional configuration information about the device.

Address: Base + 0x0008

0 1

Access: User read-only

23‘4567‘8

©
-
o

11 12 13 14 15

R| SF FLASH_SIZE_1[3:0] FLASH_SIZE_2[3:0] 0 0 0 0 0 0 0

W

Reset 0 0

16 17

1 0 1 0 0 0 0 0 0 0 0 0 0 0

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

R

PARTNUM[23:16] 0 0 0 EE 0 0 0 FR

W |

Reset 0 1

0 1 0 0 0 0 0 0 0 x! 0 0 0 1
Figure 11-4. MCU ID Register #2 (MIDR2)

" The reset value of this bit depends on the device sales type.

Table 11-4. MIDR2 field descriptions

Field Description
SF Manufacturer
0: Freescale
1: Reserved

FLASH_SIZE_1[3:0]

Coarse granularity for Flash memory size

Needs to be combined with FLASH_SIZE_2 to calculate the actual memory size.
0011: 128 KB

0100: 256 KB

0101: 512 KB

Other values are reserved.

FLASH_SIZE_2[3:0]

Fine granularity for Flash memory size

Needs to be combined with FLASH_SIZE_1 to calculate the actual memory size.
0000: 0 x (FLASH_SIZE_1/8)

0010: 2 x (FLASH_SIZE_1/8)

0100: 4 x (FLASH_SIZE_1/8)

Other values are reserved.

PARTNUM[23:16]

ASCII character in MCU Part Number
0x50: P family (Steering)

EE Data Flash present
0: No Data Flash present
1: Data Flash present
FR FlexRay present

0: No FlexRay present
1: FlexRay present
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11.5.2.3
This register holds the interrupt flags.

Address: Base + 0x0014

Interrupt Status Flag Register (ISR)

7‘8

Access: User read/write

11 ‘ 12 13 14 15

0 1 2 9 10
R EIF[31:16]
w wic
Resetoooo]oooo]oooo]oooo

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

R EIF[15:0]
W wic
Resetoooo\oooo\oooo\oooo

Figure 11-5. Interrupt Status Flag Register (ISR)

Table 11-5. ISR field descriptions

Field Description
EIFn External Interrupt Status Flag n
This flag can be cleared only by writing a 1. Writing a 0 has no effect. If enabled (IRERn), EIFn
causes an interrupt request.
0: No interrupt event has occurred on the pad.
1: An interrupt event as defined by IREERn and IFEERn has occurred.
11.5.2.4 Interrupt Request Enable Register (IRER)

This register enables the interrupt messaging to the interrupt controller.

Address: Base + 0x0018 Access: User read/write

0 1 2

7 ‘ 8 9 10 11 ‘ 12 13 14 15

R
W
Reset 0 0 0

IRE[31:16]

16 17 18 27 ‘ 28 29 30 31

R
w
Reset 0 0 0

IRE[15:0]

o/o o o o]0 0 0O O] O0 0 0 O
Figure 11-6. Interrupt Request Enable Register (IRER)

Table 11-6. IRER field descriptions

Field Description

IREn External Interrupt Request Enable n
0: Interrupt requests from the corresponding EIFn bit are disabled.

1: A set EIFn bit causes an interrupt request.
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11.5.2.5

Interrupt Rising-Edge Event Enable Register (IREER)

This register allows rising-edge triggered events to be enabled on the corresponding interrupt pads.

Address: Base + 0x0028

7‘8 9 10

Access: User read/write

11 ‘ 12 13 14

0 1 2 15
R
IREE[31:16]
w
Resst 0 0 0 o]0 o0 o0 0|0 o o0 0[O0 0 o0 O
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
IREE[15:0]
w
Resst 0 0 o0 o]0 o o0 0|0 o o 0[]0 0o o0 O
Figure 11-7. Interrupt Rising-Edge Event Enable Register (IREER)
Table 11-7. IREER field descriptions
Field Description
IREEn Enable rising-edge events to cause the EIFn bit to be set.

0: Rising-edge event disabled
1: Rising-edge event enabled

11.5.2.6

Interrupt Falling-Edge Event Enable Register (IFEER)

This register allows falling-edge triggered events to be enabled on the corresponding interrupt pads.

Address: Base + 0x002C

7’8 9 10

Access: User read/write

11 ’ 12 13 14

0 1 2 15
R
IFEE[31:16]
w
Resst 0 0 o0 o]0 o o0 0|0 o0 o0 0[O0 0 o0 O
16 17 18 19 ‘ 20 21 22 23 ‘ 24 25 26 27 ‘ 28 29 30 31
R
IFEE[15:0]
w
Reset 0 0 0 o000 O0 o0 o000 o0 0 O0[0 0 0 O
Figure 11-8. Interrupt Falling-Edge Event Enable Register (IFEER)
Table 11-8. IFEER field descriptions
Field Description
IFEEn Enable falling-edge events to cause the EIFn bit to be set.

0: Falling-edge event disabled
1: Falling-edge event enabled
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NOTE

If both the IREER.IREE and IFEER.IFEE bits are cleared for the same

interrupt source, the interrupt status flag for the corresponding external
interrupt will never be set.

11.5.2.7 Interrupt Filter Enable Register (IFER)

This register enables a digital filter counter on the corresponding interrupt pads to filter out glitches on the
inputs.

Address: Base + 0x0030

Access: User read/write

0 1 2 3‘4 5 6 7‘8 9 10 11‘12 13 14 15

R
IFE[31:16]
w

Reset 0 0 0 o\o 0 0 o\o 0 0

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

R
IFE[15:0]
w

Reset 0 0 0 o\o 0 0 o\o 0 0

Figure 11-9. Interrupt Filter Enable Register (IFER)

Table 11-9. IFER field descriptions

Field Description

IFEn Enable digital glitch filter on the interrupt pad input.
0: Filter disabled
1: Filter enabled

11.5.2.8 Pad Configuration Registers (PCR[0:107])

The Pad Configuration Registers allow configuration of the static electrical and functional characteristics
associated with 1/0 pads. Each PCR controls the characteristics of a single pad.

Address: Base + 0x0040 (PCRO) Access: User read/write

Base + 0x0116 (PCR107) 108 registers
0 1 2 3 4 5 6 7 8 9 10 11 12

Rl O 0 0 0 0
W SMC | APC PA[1:0] |OBE | IBE ODE

Reset' 0 0 0 0 0 0 0 0 0 0 0 0 0

SRC | WPE | WPS

Figure 11-10. Pad Configuration Registers 0-107 (PCR[0:107])
1 See Table 11-11.

NOTE
16/32-bit access is supported for the PCR[0:107] registers.
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Table 11-10. PCR[0:107] field descriptions

Field

Description

SMC

Safe Mode Control

This bit supports the overriding of the automatic deactivation of the output buffer of the associated
pad upon entering Safe mode of the device.

0: In Safe mode, output buffer of the pad disabled

1: In Safe mode, output buffer remains functional

APC

Analog Pad Control

This bit enables the usage of the pad as analog input.

0: Analog input path from the pad is gated and cannot be used.
1: Analog input path switch can be enabled by the ADC.

PA[1:0]

Pad Output Assignment

This field selects the function that is allowed to drive the output of a multiplexed pad. The PA field

size can vary from 0 to 2 bits, depending on the number of output functions associated with this

pad.

00: Alternative mode 0: GPIO

01: Alternative mode 1 (see Chapter 3, “Signal Description)

10: Alternative mode 2 (see Chapter 3, “Signal Description)

11: Alternative mode 3 (see Chapter 3, “Signal Description)

Note: The number of bits in the PA bitfield depends of the number of actual alternate functions
provided for each pad. Please see the MPC5604P Datasheet (MPC5604P).

OBE

Output Buffer Enable

This bit enables the output buffer of the pad in case the pad is in GPIO mode.
0: Output buffer of the pad disabled when PA = 00

1: Output buffer of the pad enabled when PA = 00

IBE

Input Buffer Enable

This bit enables the input buffer of the pad.
0: Input buffer of the pad disabled

1: Input buffer of the pad enabled

ODE

Open Drain Output Enable

This bit controls output driver configuration for the pads connected to this signal. Either open drain
or push/pull driver configurations can be selected. This feature applies to output pads only.

0: Open drain enable signal negated for the pad

1: Open drain enable signal asserted for the pad

SRC

Slew Rate Control
0: Slowest configuration
1: Fastest configuration

WPE

Weak Pull Up/Down Enable

This bit controls whether the weak pull up/down devices are enabled/disabled for the pad
connected to this signal.

0: Weak pull device enable signal negated for the pad

1: Weak pull device enable signal asserted for the pad

WPS

Weak Pull Up/Down Select

This bit controls whether weak pull up or weak pull down devices are used for the pads connected
to this signal when weak pull up/down devices are enabled.

0: Pull down enabled

1: Pull up enabled
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Table 11-11. PCR[n] reset value exceptions

Field Description
PCR[2] These registers correspond to the ABS[0], ABS[1], and FAB boot pins, respectively. Their default
PCR[3] state is input, pull enabled. Their reset value is 0x0102.
PCRI[4]
PCR[20] This register corresponds to the TDO pin. Its default state is ALT1, slew rate = 1. Its reset value is
0x0604.
PCR[21] This register corresponds to the TDI pin. Its default state is input, pull enabled, pull selected, slew
enabled. So its reset value is 0x0107.
PCR[n] For other PCR([n] registers, the reset value is 0x0000.

In addition to the bit map above, the following Table 11-12 [PCR bit implementation by pad type]
describes the PCR depending on the pad type (refer to Section 3.3.3, “Pin muxing for pad types
description). The bits in shaded fields are not implemented for the particular 1/O type. The PA field
selecting the number of alternate functions may or may not be present depending on the number of

alternate functions actually mapped on the pad.
Table 11-12. PCR bit implementation by pad type

PCR bit No.
Pad type
0 1 2 3 4 5 6 7 8 |9 10 |11 (12| 13 14 15
S, M, F (Pad
with GPIO
and digital SMC [APC PA [1:0] OBE | IBE ODE SRC | WPE |WPS
alternate

functionality)

| (Pad with

GPIO and
analog SMC | APC PA[1:0] |OBE |IBE ODE SRC |WPE | WPS

functionality)

11.5.2.9 Pad Selection for Multiplexed Inputs registers (PSMI[0_3:32_35])

The purpose of the PSMI[0_3:32_35] registers is to allow connecting a single input pad to one of several
peripheral inputs. Thus, it is possible to define different pads to be possible inputs for a certain peripheral

function.
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Address:

Base + 0x0500 (PSMIQ_3)
Base + 0x0504 (PSMI4_7)
Base + 0x0508 (PSMI8_11)
Base + 0x050C (PSMI12_15)
Base + 0x0510 (PSMI16_19)

Base + 0x0514 (PSMI20_23)
Base + 0x0518 (PSMI024_27)
Base + 0x051C (PSMI28_31)
Base + 0x0520 (PSMI32_35)

Access: User read/write

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R 0 0 0 0 0
W PADSELO[3:0] PADSEL1[3:0]
Reset O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
16 17 18 19 | 20 21 2 23 | 24 25 26 27 | 28 29 30 31
Rl O 0 0 0 0 0 0 0
W PADSEL2[3:0] PADSELS3[3:0]
Reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 11-11. Pad Selection for Multiplexed Inputs register