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About This Book

This manual describes the capabilities, openatand function of the Freescale MPC561/MPC563
microcontrollers. The documentation follows the madwlonstruction of thdevices in the MPC500
family product line. Each microcontroller in tMPC500 family has a comprehensive reference manual
that provides sufficient information for normal oggon of the device. The reference manual is
supplemented by module-specifiéaence manuals that providetaiéed informaion about module
operation and applications. Where imf@tion in this manual varies fromformation inother references,
this manual takes precedence. Refesuggested Readirfgr further information.

Unless otherwise noted, referente@she MPC561 and MPC563 also apply to their code compressed
counterparts, the MPC562 and MPC564, respdygtivay functional differences between the
MPC561/MPC563 and MPC562/MPC5&r noted. MPC562/MPC564-specififormation is located in
Appendix A, “MPC562/MPC564 Compression Features

Audience

This manual is intended for systeswmftware and hardware developarsl applications programmers who
want to develop products for the MPC561/MPC56% #ssumed that the reader understands operating
systems and microprocessor anitrocontroller system design.

Organization

Following is a summary andibf description of the major sections of this manual:

» Chapter 1, “Overvievi provides an overview of the MPB1/MPC563 microcondller, including
a block diagram showing the major modular poments, a featurestiand a summary of
differences between the MPC561/MPC563 and the MPC555.

» Chapter 2, “Signal Descriptiofiddescribes the MPC561/MPC563crocontroller’s external
signals.

» Chapter 3, “Central Processing Uhdescribes the RISC proces¢RCPU) used in the MPC500
family of microcontrollers.

» Chapter 4, “Burst Buffer Controller 2 Modylelescribes the three mdianctional parts: the bus
interface unit (BIU), the instation memory protection unit (IMP), and the instruction code
decompressor unit (ICDU).

» Chapter 5, “Unified System tarface Unit (USIU) Overview The unified system interface unit
(USIU) of the MPC561/MPC563 consists of saldunctional modulethat control system
start-up, system initiezation and operation, system proieant and the external system bus.

» Chapter 6, “System Configuration and Protectidihe MPC561/MPC563 incorporates many
system functions that noatly must be provided iexternal circuits. In@dition, it is designed to
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provide maximum system safegusiabainst hardware and softwéaalts. This chapter provides
a detailed explanation of this functionality.

Chapter 7, “ResétThis section describes the MPC5BIEC563 reset sources, operation, control,
and status.

Chapter 8, “Clocks and Power Conttaescribes the main timingnd power control reference for
the MPC561/MPC563.

Chapter 9, “External Bus Interfatelescribes the functionaligf the MPC561/MPC563 external
bus.

Chapter 10, “Memory Controllgrgenerates interface signalssiopport a glueless interface to
external memory and peripheral devices.

Chapter 11, “L-Bus to U-Bus Interface (L2Udlescribes the interfadetween the load/store bus
(L-bus) and the unifieBus (U-bus). The L2U ntule includes the Datdemory Protection Unit
(DMPU), which provides protedn for data memory accesses.

Chapter 12, “U-Bus to IMB3 Bus Interface (UIMB)'he U-bus to IMB3 bus interface (UIMB)
structure is used to connect the CPU interndleohbus (U-bus) to thetermodule bus 3 (IMB3).
It controls bus communication teeeen the U-bus and the IMB3.

Chapter 13, “QADC64E Legacy Mode Operatiofhe two queued analam-digital converter
(QADC) modules on MPC561/MPC563 devices Hbebit, unipolar, successive approximation
converters. The modules can loafigured to operate in onewio modes, legacy mode (MPC555
compatible) and enhanced mode. This chapteridbeschow the modules epate in legacy mode,
which is the default mode of operation.

Chapter 14, “QADC64E Enhanced Mode Operatidime two queued analag-digital converter
(QADC) modules on the MPC561/NMI363 devices are ifit, unipolar, succssive approximation
converters. The modules can be configured toaipen one of two modes, legacy mode (for
MPC555 compatibility) and enhanced mode. Tdhiapter describes how the module operates in
enhanced mode.

Chapter 15, “Queued Serial Multi-Channel Modulehe MPC561/MPC563 contains one queued
serial multi-channel module @MCM) which provides three saficommunication interfaces: the
gueued serial peripheral interfa@@SPI) and two serial commuaitions interfaces (SCI/UART).
This chapter describesdlunctionality of each.

Chapter 16, “CAN 2.0B Controller Moduledescribes the threeAN 2.0B controller modules
(TouCAN) implemented on the MPC561/MPC563ack TouCAN is a communication controller
that implements the Controtl&rea Network (CAN)rotocol, an asynchronous communications
protocol used in automotive and industrial consgatems. It is a high spgééone Mbit/sec), short
distance, priority based protocol titan run over a veety of mediums.

Chapter 17, “Modular Input/Output Subsystem (MIOS14he modular 1/0O system (MIOS)
consists of a library of flexibl#O and timer functionsicluding 1/0 port, counters, input capture,
output compare, pulse and perimgéasurement, and PWM. Becaube MIOS14 is composed of
submodules, it is easily configuralite different kindsof applications.

Chapter 18, “Peripheral Pin Multiplexing (PPM) Modtl€he PPM functions as a
parallel-to-serial communicatiomsodule that reduces the numbésignals required to connect
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the MPC561/MPC563 to an external device; dmats internal signals to increase access to
multiple functions multiplexa& on the same external signal.

» Chapter 19, “Time Processor Unit 8lescribes an enhanced versof the original TPU, an
intelligent, semi-autonomous microcorteo designed for timing control.

* Chapter 20, “Dual-Port TPU3 RAM (DPTRAM)The dual-port RAM (DPTRAM) module
consists of a control register block and an 8-Klaytay of static RAM thatan be used either as
microcode storage for the TPU3 or as gahpurpose memory. The MPC561/MPC563 has one
DPTRAM module that serves two TPU3 modules.

* Chapter 21, “CDR3 Flash (UC3F) EEPROMhe MPC563 U-bus CDR3 (UC3F) EEPROM
module is designed for use in erdded microcontroller applicationargeted for high-speed read
performance and high-densibyte count requirements.

» Chapter 22, “CALRAM Operatiai This module provides the MPC561/MPC563 with a general
purpose memory that may be read from or writteas either bytes, half-words, or words. In
addition to this, a portion of 6/CALRAM, called the overlay regn, can be used for calibration
(i.e., overlaying portions of the U-busaBh with a portion of the CALRAM array).

» Chapter 23, “Development Suppg@rtovers program flow tracking support,
breakpoint/watchpoint support,\ad#dopment system interfacegport (debug mode) and software
monitor debugger support. Theeatures allow efficiency idebugging systems based on the
MPC561/MPC563.

» Chapter 24, “READI Modulé The READI module provides deldment support capabilities for
MCUs in single chip mode, without requiring adsls and data signals for internal visibility.

» Chapter 25, “IEEE 1149.1-Compliant Interface (JTA@escribes MPC561/MPC563
compatibility with the IEEE 1149.1 Standard TAstess Port and BoundaBgan Architecture as
well as any potential incompatibility issues.

* Appendix A, “MPC562/MPC564 Compression Featyrasludes information about code
compression features of the MPC562/MPC564.

* Appendix B, “Internal Memory Map provides memory mapsfthe MPC561/MPC563 modules.

* Appendix C, “Clock and Board Guideline§he MPC561/MPC563 built-in PLL, oscillator, and
other analog and sensitie&cuits require that the board dgsifollow special layout guidelines to
ensure proper operation of the chip clocks. Hpigendix describes hawe clock supplies and
external components should be connected in a system.

e Appendix D, “TPU3 ROM Functionsprovides a brief descrijain of the pre-programmed
functions in the TPU3.

* Appendix E, “Memory Access Timinglists memory access timindar internal and external
memory combinations.

* Appendix F, “Electrical Characteristi¢contains detailed inforation on power considerations,
DCJ/AC electrical charactetics, and AC timing characteries of the MPC561/MPC563 at the
default 40 MHz and optional 56 MHz operating frequencies.

* Appendix G, “66-MHz Eleaical Characteristi¢ contains detailethformation on power
considerations, DC/AC electatcharacteristics, and AGriing characteristics of the
MPC561/MPC563 at the optional operating frequency of 66 MHz.

This document also includes a =gr index and comprehensive index.
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Suggested Reading

This section lists additional reading that provideskbemund for the information ithis manual as well as
general informatiombout the PowerPC architecture. Also listed are dguents that further complement
this manual by providing in-depth funatial descriptions of certain modules:

* QSM (Queued Serial Module) Reference MariQg8 MRM/AD)

* TPU (Time Processor Unit) documentati( TPULITPAK/D, including the TPURM/AD)

 RCPU (RISC Central Processor Unit) Reference Mai®@PURM/AD)

* Nexus Standard Specification ReN (IEEE-ISTO 5001-1999) available at:
http://www.nexus5001.org/

» JTAG IEEE 1149.1 Specification

The following general documentaticavailable through Morgan-Kauémn Publishers, 340 Pine Street,
Sixth Floor, San Francisco, CArovides useful informatiorbaut the PowerPC architecture:

» The PowerPC Architecture: A Specificatiomna New Family of RISC Processp8econd Edition,
by International Business Machines, Inc.

Freescale documentation is avai@blom the sources listed on thack cover of this manual. A brief
summary of available doclentation is listed below:

* Programming Environments Manual for 32-Bit Irapientations of the RaerPC Architecture
(MPCFPE32B/AD)—Describes resourcedined by the PowerPC architecture.

» Reference manuals—These books provide desdibut individual implaentations and are
intended for use with thRrogramming Environments Manual.

* Addenda/errata to reference manuals—Because gwocessors have follow-on parts, an
addendum is provided that ded&s the additional features afiothctionality changes and are
intended for use with the corresponding reference manuals.

* Product Briefs—Each device has a product brief phatides an overview of its features. This
document is roughly the equivalent to the ovesvaapter (Chapter 1) of an implementation’s
reference manual.

» The Programmer’s Reference Guide for the PowerPC Archite@iPEPRG/D)—This concise
reference includes the registensuary, exception vectors, ane&tRowerPC ISA instruction set.

» Application notes—These short documents addspssific design issuesefsil to programmers
and engineers working with Freescale processors.

Additional literature is published agw processors becomeadable. For a curretist of documentation,
refer tohttp://www.motorola.com/semiconductors

Conventions and Nomenclature

This document uses the folling notational conventions:

cleared/set When a bit takes the wahero, it is said to be clesl; when it thkes a value of
one, it is said to be set.

MPC561/MPC563 Reference Manual, Rev. 1.2
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ACTIVE_HIGH

ACTIVE_LOW

0x0
(0] 0]0)
italics

REG[FIELD]

S5 X

—

&

I

Logic level one
Logic level zero

To set a bit or bits
To clear a bit or bits
LSB

MSB

Asserted

Negated

Names for signals that are activgihare shown in uppercasat. Signals that are
active high are referred to as asserteémtiey are high and negated when they
are low.

Names for signals that are active lowsitewn in uppercase tewith an overbar.
Active-low signals are referred to aseded (active) when they are low and
negated when they are high.

Prefix to denote hexadecimal number
Prefix to denote binary number

Italics indicate variable command parameters.
Book titles in text are also set in italics.

Abbreviations for regists are shown in uppercaseeS8ific bits, fields, or ranges
appear in brackets. For example, CRAMMORS5] identifies the array disable bit
(DIS) within the CALRAM nodule configuration register.

A range of bits or signals referred to by mnemoniad the numbers that define
the range. For example, DATA[24:31] foithe least significant byte of the data
bus.

In some contexts, such as sigeatodings, x indicates a don't care.

Used to express an undefined numerical value

NOT logical operator

AND logical operator

OR logical operator
is the voltage that corresponds to Boolean true (1) state.
is the voltage thetrresponds to Boolean false (0) state.
means to estsibllogic level one on the bit or bits.
means to estsibllogic level zero on the bit or bits.

means least signti@nt bit or bits.

means most significant bit or bits.

means that a signahisctive logic state. An aceow signal changes from logic
level one to logic level zero when assédrtand an active higiignal changes from
logic level zero to logic level one.

means that an asserted signal ckdagie state. An active low signal changes
from logic level zero to logic level onehen negated, and an active high signal
changes from logic level one to logic level zero.

Notational Conventions

Table icontains notationalanventions that are used in this document.
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Table i. Notational Conventions

Symbol Function
+ Addition
- Subtraction (two's complement) or negation
* Multiplication
/ Division
> Greater
< Less
= Equal
t Equal or greater
d Equal or less
z Not equal
. AND
. Inclusive OR (OR)
T Exclusive OR (EOR)
NOT Complementation
Concatenation
? Transferred
® Exchanges
+ Sign bit; also used to show tolerance
« Sign extension

Acronyms and Abbreviations

Table ii contains acronyms and abbreviatitimst are used in this document.

Table ii. Acronyms and Abbreviated Terms

Term Meaning
ALU Arithmetic logic unit
BIST Built-in self test
BIU Bus interface unit
BPU Branch processing unit
BSDL Boundary-scan description language
CMOS | Complementary metal-oxide semiconductor
EA Effective address
EAR External access register
FIFO First-in-first-out
FPR Floating-point register
FPSCR | Floating-point status and control register
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Table ii. Acronyms and Abbreviated Terms (continued)

Term Meaning

FPU Floating-point unit

GPR General-purpose register

IABR Instruction address breakpoint register
IEEE Institute for Electrical and Electronics Engineers
V] Integer unit

JTAG Joint Test Action Group
LIFO Last-in-first-out

LR Link register

LSB Least-significant bit
LSuU Load/store unit

MSB Most-significant bit

MSR Machine state register

NaN Not a number

No-op No operation

OEA Operating environment architecture

PLL Phase-locked loop

POR Power-on reset

PVR Processor version register

RISC Reduced instruction set computing

SPR Special-purpose register

SRRO Machine status save/restore register 0

SRR1 Machine status save/restore register 1

B Time base facility

TBL Time base lower register

TBU Time base upper register

TLB Translation lookaside buffer

TTL Transistor-to-transistor logic

UIMM Unsigned immediate value

UISA User instruction set architecture

VEA Virtual environment architecture

XER Register used for indicating conditions such as carries and overflows for integer operations

References

TheSematech Official Dictionargind theReference Guide to Letterr8lgols for Semiconductor Devices
by the JEDEC Council/Electroniasdustries Association are recommethds references for terminology
and symbology.
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Chapter 1
Overview

This chapter provides an overview of the MPCBMR{LC563 microcontrollers, including a block diagram
showing the major modulaomponents and sectionsthist the major featureand differences between
the MPC561/MPC563 and the MPC555. The MBCAVIPC562, MPC563, and MPC564 devices are
members of the Freescale MPC500 RIi€rocontroller family. The partserein will be referred to only
as MPC561/MPC563 unless specifictganeed to be referenced.

Table 1-1. MPC56x Family Features

Device Flash Code Compression
MPC561 None Not Supported
MPC562 None Supported
MPC563 512-Kbytes Flash Not Supported
MPC564 512-Kbytes Flash Supported

1.1 Introduction

The MPC561/MPC563 devices dffine following features:
* PowerPC ISA-compliant 32-bitrgjle issue RISC processor (RCPU)
* 64-bit floating-point unit (FPU)
» Unified system integration unit &IU) with a flexible memory controller and enhanced interrupt
controller (EIC)
» 512-Kbytes of Flash EEPROM memdgawailable on the MPC563 only)
— Typical endurance of 100,000 write/erase cycles @ 25°C
— Typical data retendin of 100 years @ 25°C
» 32-Kbytes of static RAM in on€ALRAM module, configured as
— 28-Kbyte normal access only array
— 4-Kbyte normal access or overlagcass array (eight 512-byte regions)
» Two time processing units (TPU3) witime 8-Kbyte dual port TPU RAM (DPTRAM)
* One 22-timer channel moaull/O system (MIOS14)
* Three TouCAN modules (TouCAN)
» Two enhanced queued analog systems (QADCG64E)

* One queued serial multi-chanmabdule (QSMCM), which contairene queued setl peripheral
interface (QSPI) and two seriantroller interfaces (SCI/UART)

* One peripheral pin multiplexing moduleRM) with a parallel to serial driver

MPC561/MPC563 Reference Manual, Rev. 1.2
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Overview

1.2
Figure 1-1is a block diagram of the MPC561/MPC563.

Debug features:

— Nexus debug port (Class 3)

— Background debug mode (BDM)

— |EEE 1194.1-compliant interface (JTAG) for boundary scan
Plastic ball grid array (PBGA) packaging

— 388 ball PBGA

— 27 mm x 27 mm body size

— 1.0 mm ball pitch

Default 40-, and option&6-, and 66-MHz operation
-40°C-125°C

Independent power supplies

— 5-VI/O (5.0 £ 0.25 V)

— 2.6 £ 0.1-V external bus with a 5-V tolerant I/O system

— 2.6 £ 0.1-V internal logic

— <150FA on-chip voltage shunt recatbr for RAM standby operation

Block Diagram

MPC561/MPC563 Reference Manual, Rev. 1.2
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512 Kbytes
JTAG Flash
MPC563 only
Burst t
'«—| Buffer
Controller U-Bus
E-Bus
<4—»| USIU «—»
READI
RCPU
dl
« + s p L2V < Y
v -Bus
32-Kbyte CALRAM
28-Kbyte
SRAM
(No Overlay)
4-Kbyte Overlay
v
QADCSG4E | | QADCG4E QSMCM PPM uIMB
A A A A
Y \/ |  / IMB3
A \ A A A
\/ / Y \ Y
8-Kbyte Tou Tou Tou
TPU3 | | ppTRAM TPU3 | | can| |can| |can | | MIOS14

1.3

Figure 1-1. MPC561/MPC563 Block Diagram

Key Features

The MPC561/MPC563 key features axplained in the following sections.

131

* Fully static design
* Four major power saving modes

High-Performance CPU System

— On, doze, sleep, deep-sleep, and power-down

MPC561/MPC563 Reference Manual, Rev. 1.2
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1.3.1.1 RISC MCU Central Processing Unit (RCPU)

PowerPC %-compliant 32-bit single issue core

Precise exception model

64-bit floating point unit (FPU)

Code compression supped on MPC562/MPC564

Reduces usage of internal/external Flasmory (up to 50% for code) on the MPC564
Reduces code size up to 50%

Extensive system development support

On-chip watchpoints and breakpoints

Program flow tracking capability

1.3.1.2 Unified System Interface Unit (USIU)

System configurationral protection features:
— Periodic-interrupt timer

— Bus monitor

— Software watchdog timer

— Real-time clock (RTC)

— PPC decrementer

— Time base

Clock synthesizer

Power management

Reset controller

External bus interface that todtes 5-V inputs, provides 2.6-V quits, and supports multi-master
designs

Enhanced interrupt controller that supportsaipight external and 40 internal interrupts,
simplifies the interrupt structurand decreases interrupt processing time

USIU supports dual mapping to map part of oriernal/external memory to another external
memory

External bus, supporting non-wraparoumuaist for instruction fetchewith up to 8 instructions per
memory cycle

1.3.1.3 Burst Buffer Controller (BBC) Module

Support for enhanced interrupt controller (EIC)
Support for enhanced exception table relocation feature
Branch target buffer

Contains 2 Kbytes of decompression RAMHORAM) for code compression. This RAM may
also be used as general-purpose RAM wthercode compression feature is not used.

MPC561/MPC563 Reference Manual, Rev. 1.2
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1.3.14 Flexible Memory Protection Unit

* Flexible memory protection units (MPU) in BBC and L2U

» Default attributes available in one global entry

» Attribute support for speculative accesses

» Up to eight memory regions are supporfedy for data and four for instructions

1.3.1.5 Memory Controller

» Four flexible chip selects via memory controller
» 32-bit address and data buses
» 4-Kbyte to one 16-Mbyte (data) or@byte (instruction) region size support
* Supports enhanced external burst
— Up to eight-beat transfer bursta/o-clock minimum bus transactions
* Use with SRAM, EPROME-lash and other peripherals
» Byte selects or write enables
» 32-bit address fully decodes interndteess space (4 Gbytes) with bit masks
* Four regions

1.3.1.6 512-Kbytes of CDR3 Flash EEPROM Memory (UC3F) —
MPC563/MPC564 Only
* One 512-Kbyte module
» Page read mode (2/1/1/1 clock read access time)
» Byte, half-word or word programmable.
* Block (64 Kbytes) erasable
» External 4.75- to 5.25-V VFLASKower supply for program, erase, and read operations
» Security modes fosoftware protection
» Typical endurance of 100,000 vaierase cycles @ 25°C
» Typical data retentin of 100 years @ 25°C

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 1-5



Overview

1.3.1.7  32-Kbyte Static RAM (CALRAM)

* Composed of one 32-Kbyte CALRAM module
— 28-Kbyte static RAM
— 4-Kbyte calibration (overlay) RM feature that allows calibtian of Flash-based constants
» Eight 512-byte overlay regions
* One clock fast accesses
» Two clock cycle access option for power saving
» Standby power supply (IRAMEBY) for data retention

1.3.1.8 General Purpose I/O Support (GPIO)

» 24 address signals and 32 data sigoafsbe used for general-purpose I/O in single-chip mode
+ 16 GPIO in MIOS14

* Many peripheral signals can be useds#0O when not used as primary functions

* 5-V outputs with slew rate control

1.3.2 Nexus Debug Port (Class 3)

* Compliant with Class 3 of the IEEE-ISTO 5001-1999

* Program trace via brand¢face messaging (BTM)

» Data trace via data write messag{DyVM) and data read messaging (DRM)
» Ownership trace via ownership trace messaging (OTM)

* Run-time access to on-chip memory map aretis{-purpose registe(SPRSs) via the READI
read/write access protocol

* Watchpoint messaging via the auxiliary port

e 9 or 16 full-duplex auxiliary pin intéace for medium and high visibility throughput
» All features configurable and otyollable via the auxiliary port

* Supports the RCPU debug mode via the auxiliary port

1.3.3 Integrated 1/0O System

1.3.3.1 Two Time Processor Units (TPU3)

e True5VIO

» Two time processing units PU3) with 16 channels each

* [Each TPU3 is a micro-coded timer subsystem

» 8 Kbytes of dual port TPU RAM (DPTRAM) ahed by two TPU3 modules for TPU micro-code

1.3.3.2 22-Channel Modular 1/0 System (MIOS14)

* Six modulus countesub-modules (MCSM)
* 10 double-actionuh-modules (DASM)

MPC561/MPC563 Reference Manual, Rev. 1.2
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e 12 dedicated PWM sub-modules (PWMSM)
* One MIOS14 16-bit parallgdort I/O sub-modules (MPIOSM)

1.3.3.3

Two Enhanced Queued Analog-to-Digital Converter Modules
(QADCS64E)

* Two queued analog-to-digital converteodules (QADC64E_A, QADC64B) providing a total
of 32 analog channels

» 16 analog input channels on each QAIJE module using internal multiplexing

» Directly supports up to four external multiplexers

* Up to 41 total input channels on the tADC64E modules witlexternal multiplexing
» Software configurable to operate inh@anced or legacy (MPC555 compatible) mode
* Unused analog channels can beduas digital input/output signals

GPIO on all channels in enhanced mode

» 10-bit A/D converter withinternal sample/hold

* Minimum conversion time of 7 pavith typical QCLKfrequency, 2 MHz) ad +/- 2 bits accuracy
» Two conversion command queues of variable length

» Automated queue modes initiated by:

External edge trigger
Software command

Periodic/interval timer withithe QADC64E module, that cae assigned to both queue 1 and
2

External gated trigger (queue 1 only)

* 64 result registers

Output data is right- or fejustified, signed or unsigned.

* Alternate reference input (ALTREF), witlowctrol in the conversion command word (CCW)

1334

Three CAN 2.0B Controller (TouCAN) Modules

* Three TouCAN modules (TolKN_A, TouCAN_B, TouCAN_C)
» Each TouCAN provides the following features:

16 message buffers, programmable I/O modes

Maskable interrupts

Independent of the transmission medi(grternal transceiver is assumed)
Open network architecturenulti-master concept

High immunity to EMI

Short latency time for high-priority messages

Low-power sleep mode, with @grammable wake-up on bus activity
TouCAN_C pins are sharadth MIOS14 GPIO or QSMCM

MPC561/MPC563 Reference Manual, Rev. 1.2
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1.3.3.5 Queued Serial Multi-Channel Module (QSMCM)

* One queued serial module with capgeued SPI and two SCIs (QSMCM)
* QSMCM matches full ME555 QSMCM functionality
*  Queued SPI

— Provides full-duplex commuecation port for peripheralkpansion or inter-processor
communication

— Up to 32 preprogrammedaimsfers, reducing overhead

— Synchronous serial interface with banatie of up to system clock / 4
— Four programmable pgtieral-selects signals:

— Supports up to 16 devices with external decoding

— Supports up to eight devicesth internal decoding

— Special wrap-around mode allows continuous@ang of a serial peripheral for efficient
interfacing to serial analow-digital (A/D) converters

« SCI
— UART mode provides NRZ formand half- or full-duplex interface
— 16 reqister receive buffers and 1@ister transmit buffers on one SCI
— Advanced error detection and optibparity generation and detection
— Word-length programmabkes eight or nine bits
— Separate transmitter and receiver éadlts, and double buffering of data

— Wake-up functions allow the CPU ton uninterrupted untiither a true idléine is detected,
or a new address byte is received

1.3.3.6 Peripheral Pin Multiplexing (PPM)

» Synchronous serial interface betweenrtiieroprocessor and an external device
* Four internal parallel data souscean be multiplexed through the PPM
— TPU3_A: 16 channels
— TPUS3_B: 16 channels
— MIOS14: 12 PWM channels, four MDA channels
— Internal GPIO: 16 general-purposgputs, 16 general-purpose outputs
» Software configurable stream size
» Software configurable clood CLK) based on system clock
» Software selectable clockades (SPI mode and TDM mode)
» Software selectable operation modes
— Continuous mode
— Start-transmit-receive (STR) mode
» Software configurable internatodules interconnect (shorting)

MPC561/MPC563 Reference Manual, Rev. 1.2
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1.4  MPC561/MPC563 Optional Features

The following features of the MPC561/MPC563 araana! features and may not appear in certain
configurations:

* 56- or 66-MHz operatin (40 MHz is default)
* Code compression (availalon MPC562 and MPC564 only)
» 512 Kbytes Flash (available on MPC5&3dMPC564 only)

1.5 Comparison of MPC561/MPC563 and MPC555

In Table 1-2 the MPC555 is used as a baseline to comparhigh level differencedsom an early device
offering in the MPC500 family to the MPC561/MPC563.

Table 1-2. Differences Between MPC555 and MPC561/MPC563

Module MPC555 MPC561/MPC563
CPU Core Identical
BBC Basic Enhanced Code Compression (classes scheme
with 2 Kbytes DECRAM)
Code Compression is available only on
MPC562/MPC564.
L2U Identical
SRAM 26 Kbytes 32 Kbytes calibration SRAM with overlay
features
Flash 448-Kbyte CMF 512-Kbyte UC3F (1 module) on MPC563 only.
(2 modules, 256-Kbyte and 192-Kbyte) No Flash on MPC561
usiu Basic Enhanced Interrupt Controller
JTAG Selectable by RCW Selectable at PORESET
READI None New Module (Class 3 Nexus
IEEE-ISTO 5001-1999)
uiMB Identical
QADCG64E (2) (2) Enhanced
QSMCM (1) Identical (1)
MIOS MIOS1 MIOS14
4 Extra PWMSM
4 Extra MCSM

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 1-2. Differences Between MPC555 and MPC561/MPC563 (continued)

Module MPC555 MPC561/MPC563
TouCAN (2) Identical (3)

TPU3 (2) Identical (2)
DPTRAM (6 Kbytes) Identical (8 Kbytes)

PPM — ‘ New Module

1.6

Additional MPC561/MPC563 Differences

The MPC561/MPC563 devices are very similathi® MPC555 with the following differences:

— Up to 66 MHz operating frequen¢iRefer to the applicable eleical characteristics document
for more information.)

— CDR3 technology
— Two power supplies: 5.0-V I/0O, 2.6-V &xnal bus signals, 2.6-V internal logic
— New modules: READI, CALRAM, PPM

— Extra TouCAN module, additional 6 Kbyte§ SRAM on L-bus (32 Kbytes total) with
CALRAM overlay features, extra 2lgtes of DPTRAM (8 Kbytes total)

QADCB64E

— GPO on all channel signalts addition to GPI functions
TouCAN, TPU3, QSMCM, UIMB, Core, L2U

— No changes

BBC2

— Enhanced interrupt controller support

— Enhanced exception relocation table

— Branch target buffer

— 2 Kbytes of decompression RAM for codempression. This may also be used as
general-purpose RAM while nased for code compression.

CALRAM (with overlay features)

— New module

— Overlay features allow calibiian of Flash-based constants
UC3F (U-bus CDR3 Flash module) on MPC563/MPC564 only
— 512 Kbytes of non-volatile memory (NVM)

— Designed for use in embeddericrocontroller (MCU)applications targeted for high speed
read performance and highradty byte count requirements

READI

— New module

USIu

— Enhanced interrupt controller
— ENGCLK default frequency

MPC561/MPC563 Reference Manual, Rev. 1.2
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— READI support

— Reduced data setup time

— Enhanced external burst support
« MIOS14

— Four additional PWM channels

— Four additional MCSM timers
 DPTRAM (8 Kbytes)

— No functional changes
* PPM (peripheral pin multiplexing)

— New module

— Four-to-one multiplexing

— Parallel-to-serial driver (SPI and TDM)

1.7 SRAM Keep-Alive Power Behavior

The IRAMSTBY pin provides keep-&k power to RAM when the mapower supply ishut down. The
IRAMSTBY pin can be powered directly from a bagteising an internal shun¢égulator or via a small
battery for standby use. SEgure 1-2

To Battery

—» To IRAMSTBY Pad

) C

N
Figure 1-2. Recommended Connection Diagram for IRAMSTBY

While power is off, the IRAMSBY supply powers the following:
o 32-Kbyte CALRAM
* 8-Kbyte DPTRAM module
o 2-Kbyte BBC DECRAM module
NOTE

IRAMSTBY must always be supplied with at least®for correct
operation.

1.8 MPC561/MPC563 Address Map

The internal memory map is orgarizas a single 4-Mbyte @tk. The user can assitgns block to one of
eight locations by programming a rsg@ir in the USIU (IMMR[ISB]). Tk eight possible locations are the

MPC561/MPC563 Reference Manual, Rev. 1.2
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first eight 4-Mbyte memory blocksasting with address 0x0000 0000 (refeFigure 1-3. The
programmability of the internal memory map looatallows the user to implement a multiple-chip

system.

0x0000 0000

0X003F FFFF|

0x0040 0000

0x007F FFFF

0x0080 0000

0X00BF FFFH

0x00CO0 0000

OX00FF FFFF

0x0100 0000

0x013F FFFF

0x0140 0000

0x017F FFFF

0x0180 0000

0x01BF FFFH

0x01CO0 0000

O0XO1FF FFFF

OXFFFF FFFF

Internal 4-Mbyte
Memory Block
(Can reside in one of

eight locations)

Figure 1-3. MPC561/MPC563 Memory Map

The internal memory space is dividetb the following sections. Refer togure 1-4

* Flash memory (512-Kbytes)
» CALRAM static RAMmemory (32-Kbytes)
» Control registers and IMB3 modules (64 Kbytes)

BBC control registers (16-Kbytes)

USIU and Flash contrakgisters (16-Kbytes)
UIMB interface and IMB3nodules (32-Kbytes)
CALRAM/READI control registers (256-bytes)

MPC561/MPC563 Reference Manual, Rev. 1.2
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0x00 0000
UC3F Flash* 0x2F C000
0x07 FFFF 512 Kbytes USIU Control Registers
0x08 0000
Reserved for Flash
2,605 Kbytes UCF:SF _Ctontr;ol 0x2F C800
egisters 0x2FC80B
Ox2F 7FFF Reserved
Ox2F 8000 BBC DECRAM 2 Kbytes 0x30 0000
0x2F 8800 Reserved for BBC DPTRAM Control (32 bytes)
Ox2F A00Q BBC CONTROL
Ox2F BFFF Reserved (8160 bytes) 0x30 0020
Ox2F C000
USIU & Flash Control
OX2F FFFF 16 Kbytes
0x30 2000
0x30 0000
UIMB I/F & IMB DPTRAM (8 Kbytes)
Modules
32 Kbytes TPU3_A (1 Kbyte) 0x30 4000
0x30 7FFF 55303405
X
TPU3_B (1 Kbyte
0x30 8000 Reserved for IMB B (1 Kbyte)
0x37 FFFF 480 Kbytes QADCB4E_A (1 Kbyte) | 9x304800
0x38 0000
READI Control
0x38 00FF 256 bytes QSMCM (1 Kbyte) 0x30 5000
0x38 0100 Reserved (L-bus Control) Reserved (2 Kbytes) 0x30 5400
0x38 3FFF 16 Kbytes
0x38 4000 PPM (64 bytes) 0x30 5C00
Reserved (960 bytes) 0x30 5C80
Reserved (L-bus Mem)
Ox3F 7FFF
Ox3F 8000
CALRAM TouCAN_A (1 Kbyte) 0x30 7000
32 Kbytes
OX3FFOOO | TOUCAN_ B (1 Kbyte) 0x30 7400
0x3F FFFF 4-Kbyte Overlay Section TouCAN_C (1 Kbyte) 0x30 7800
Reserved (896 bytes) 0x30 7900
Note: Flash is available only on the UIMB Registers 0x30 7F80
MPCS563/MPC564. (128 bytes) 0x30 7FFF

MPC561/MPC563 Reference Manual, Rev. 1.2
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Figure 1-4. MPC561/MPC563 Internal Memory Map

1.9  Supporting Documentation List

This list contains references to amtly available anglanned documentation.
* MPC555 User’s ManugMPC555UM/AD)
* RCPU Reference ManuRCPURM/AD)
* Nexus Standard Specificatignon-Freescale docuntg@available at: hp://www.nexus5001.org/
* |EEE 1149.1 Specificatiomon-Freescale document)

MPC561/MPC563 Reference Manual, Rev. 1.2
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Chapter 2
Signal Descriptions

This chapter describes the MPC561/883 microcontroller’s externalggials. It contains a description
of individual signals, shostheir behavior, shows whether the sigaaln input or anutput, and indicates
signal multiplexing.

NOTE

A bar over a signal name indicateat the signal is active-low—for
example, TA(transfer acknowledgejctive-low signals are referred to as
asserted (active) when they are lamd negated whenei are high. Signals
that are not active-low, such ABDDR[8:31] (address bus signals) and
DATA[0:31] (data bus signa)sare referred to as asstwhen they are high
and negated when they are low.

Refer toAppendix F, “Electrical Characteristitand Appendix G, “66-MHz Eleaical Characteristic’
for detailed electrical information for each signal.

2.1  Signal Groupings
Figure 2-1lillustrates the external signalstae MPC561/MPC563 grougddoy functional module.
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Signal Descriptions

Bus
Interface
67 Pins

Interrupt
Controller
8 Pins

Development
and Debug
7 Pins

QADCB4E_A

and
QADC64E_B
39 Pins

QSMCM
11 Pins

SGPIOA[8:31] / ADDR[8:31]

< » 24 1 XTAL o
< SGPIOD[0:31] / DATA[0:31] | 35 1 |« EXTAC >
< Tsiziodl o |» 1 |4—XEC
< WR/RD o 1 CLKOUT .
< — ! 1 | < EXTCLK >
< BURST |1 1 | ¥ ENGCIKT7BUCIK o
< BDIP 3 |4 1 | VDDSYN v
< TA_ ) 1 |¢_VSSSYN
P TEA | 1 | PYLL_SEL
N — Ll N
< OF 1 —
< TEXP/RSTCONE 4, |; 4 |—CcsS03] >
< STS/BL 4 11 4 WE[0:3] / BE[0:3] / AT[0:3] R

| < TS » |1 v

M MDO4 / SGPIOCO/IRQ0__ | 4 1 A_CNTX0 -
D RSV /SGPIOCL/IROL o 1 |¢A-CNRXO —
] I B_CNTX0 o
<« CRI/SGPIOC2/MTS/IRQ2 |y 1 |« B_CNRXO >
< KR/RETRY /SGPIOC3/IRQ3 | | h —
| Ll

AT2/ SGPIOC4 / IRQ4 <«EPEE — ]
< Q > (1 4 BOEPEE
< MODCKl/SPGIOCS_/IRQS > 1 ; VFLASH

MODCK(2:3] /IRQ[6:7] |, . VDDF

— FRZ | PTR/ SGPIOCE . <« VSSE__ _ |
< oy >, € HRESET > ]
«—WPOTIRQOMT/SCRIOCT 1, ) <_PORESET / TRST
P VFO/LWP1/BG ———
< =1 «SRESET
< VELIIWWPZ/BR |4 TCK / DSCK / MCKI
N — Ll - JR—
< VF2/IWP3/BB |4 S TDI/DSDI/MDIO

L < VFLS[0:1] / IWP[0:1] 2 " TDO/DSDO / MDOO o~

—_— Ll
MPC561/563 <« TMS/EVTI
— A ANw /A PQBO/A ANO 4—JCOMP /RSTI
A _ANx/ A POB1/A AN1 4 MDAJ[11:15]
A_ANy/ A_PQB2 /A _AN2 S MDA[27:31]
A ANz /A POB3/A AN3 ; MPWMO / MDI1

A_POB[4:7]/ A AN[48:51
[0:2]7 A_PQA[0:2]  A_AN[52:54
A_PQA[3:7]/ A_AN[55:59

MPWM1 / MDO2

MPWM2 / PPM_TX1
MPWM3 / PPM_RX1
MPWM16

MPWM[17:19] / MDO[3, 6:7]
MPIO32B0 / MDO1 / VFO
MPIO32B1 / MCKO / VF1

MPI1032B2 / MSEI / VF2

VVVVVYVYY
AWhRPE PR

B_ANw/B_PQBO/B_ANO
B_ANx/B_PQB1/B_AN1
B_ANy/B_PQB2/B_AN2
B_ANz/B_PQB3/B_AN3
B_PQB[4:7]/ B_AN[48:51]

>
AAA AA A “5& AA AA

B_IMA[0:2] / B_PQA[0:2] / B_AN[52:54] MP1032B3 / MSEO / VFLS0
; B_PQA[3:7] / B_AN[55:59] MPIO32B4 / VFLS1
VRH MPIO32B5 / MDO5
VRL MPIO32B6 / MPWM4 / MDO6
ALJEEZ MPIO32B[7:9] / MPWM[5,20:21]
VSSA MPIO32B10 / PPM_TSYNC

MPIO32B11 / C_CNRXO
MP1032B12 / C_CNTX0
MPIO32B13 / PPM_TCLK

PCS[6:7]/ ETRIG[L:2]

A

SS /QGPIO0 / PCS0

RPRRP RPRPRRPWRRPRPRE Rp RPROWRRRPRRRPRUU PR RRRE RPRPE RRRERRR

AAAAAAAAAAA L AAAAAL

VVVVYY YyVYVVVVVVVVVYYY

|VVVV || VYV VVVVVFVV VVVVVVYVVYYVYY VV| |

RPRRPRRRPRRP, WOR NRRRPRRRE ODWARR R

»
D QGPIO[1:3] / PCS[1:3] MPIO32B14 / PPM_RX0
D) QGPIO4 / MISO MPIO32B15 / PPM_TX0
< QGPIO5 / MOSI
- QGPIO6 / SCK A_TPUCH][0:15]
< QGPO1/TXD1 16 | €A ~rociK/PCS5
P C_CNTXO0 /QGPO2 / TXD2 1 |« B_TPUCH[0:15]
D QGPIL/RXDL 16 |45 T5CIK/PCSa
C_CNRX0/QGPI2/RXD2__° 1 |4—
L
IRAMSTBY J L VDD
VsS
QVDDL KAPWR
NVDDL VDDH they are shown as /0.

Global Power Supply

Clocks and
PLL
8 Pins

Configuration

1 Pin

Chip Selects

4 Pins

Write Enable

4 Pins

TouCAN

4 Pins (plus 2 Pins
multiplexed with
MIOS and QSMCM)

UCS3F Flash
EEPROM!
5 Pins

System
Control
3 Pins

JTAG/BDM/READI
5 Pins

MIOS14
34 Pins

TPU3 A and B
34 Pins

Note: In cases where one multiplexed signal
is an input and another is an output, together

1The MPC561 has no Flash EEPROM

Figure 2-1. MPC561/MPC563 Signal Groupings
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2.2  Signal Summary

Table 2-1describes individual MPC561/MPC56R)nals, grouped by functional module.
Table 2-1. MPC561/MPC563 Signal Descriptions

Signal Descriptions

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

Bus Interface

ADDR[8:31] / SGPIOA[8:31]

24

110

110

Controlled by
RCW[SC].
See Table 6-10.

Address Bus [8:31]. Specifies the physical address of the
bus transaction. The address is driven onto the bus and kept
valid until a transfer acknowledge is received from the slave.
ADDRS is the MSB for this bus.

Port SGPIOA[8:31]. Allows the signals to be used as
general-purpose inputs/outputs.

DATA[0:31] / SGPIOD[0:31]

32

I/0

110

Controlled by
RCWISC].
See Table 6-10.

Data Bus [0:31]. Provides the general-purpose data path
between the MPC561/MPC563 and all other devices.
Although the data path is a maximum of 32 bits wide, it can
be sized to support 8-, 16-, or 32-bit transfers. DATAO is the
MSB of the data bus.

Port SGPIODI[0:31]. Allows the signals to be used as
general-purpose inputs/outputs.

TSIZ[0:1]

/10

TSIZ[0:1]

Transfer Size [0:1]. Indicates the size of the requested data
transfer in the current bus cycle.

RD/WR

110

RD/WR

Read/Write. Indicates the direction of the data transfer for a
transaction. A logic one indicates a read from a slave device;
a logic zero indicates a write to a slave device.

BURST

I/10

BURST

Burst Indicator. Driven by the bus master to indicate that the
currently initiated transaction is a burst.

BDIP

110

Burst Data In Progress. Indicates to the slave that there is a
data beat following the current data beat.

110

Transfer Start. Indicates the start of a bus cycle that
transfers data to/from a slave device. This signal is driven by
the master only when it has gained ownership of the bus.
Every master should negate this signal before relinquishing
the bus.

This is an active-low signal and needs an external pull-up
resistor to ensure proper operation and meet signal timing
specifications.

110

Transfer Acknowledge. This line indicates that the slave
device addressed in the current transaction has accepted
the data transferred by the master (write) or has driven the
data bus with valid data (read). The slave device negates the
TA signal after the end of the transaction. The slave device
will then immediately three-state the TA signal to prevent
contention on the line in case a new transfer that addresses
another slave device(s) is initiated.

This signal is an active-low signal and needs an external
pull-up resistor to ensure proper operation and conform to
signal timing specifications.
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Signal Descriptions

Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

No. of Function after

Signal Name Signals Type Resetl Description

Transfer Error Acknowledge. This signal indicates that a bus
error occurred in the current transaction. The
MPC561/MPC563 asserts this signal when the bus monitor
does not detect a bus cycle termination within 2040 clock
TEA 1 IO |TEA cycles. The assertion of TEA causes the termination of the
current bus cycle, regardless of the state of TA.

An external pull-up device is required to negate TEA quickly,
before a second error is detected. That is, the signal must
be pulled up within one clock cycle of the time it was
three-stated by the MPC561/MPC563.

OE 1 O |OE Output Enable. This output line is asserted when a read
access is initiated by the MPC561/MPC563 to an external
slave controlled by the memory controller's GPCM.

Reset Configuration. This input line is sampled by the
MPC561/MPC563 during the assertion of the HRESET
signal in order to sample the reset configuration. If the line
is asserted, the configuration mode is sampled from the
RSTCONF / TEXP | RSTCONF until | external data bus. When this line is negated, the

1 reset negates. | configuration mode adopted by the MPC561/MPC563 is
either the internal default or read from the internal Flash
(MPC563 only).

Timer Expired. This output line reflects the status of
O PLPRCR[TEXPS] in the USIU. This bit indicates an expired
timer value.

Burst Inhibit. This bidirectional, active-low, three-state
signal indicates that the slave device addressed in the
current burst transaction is not able to support burst
transfers. When the MPC561/MPC563 drives out the signal
for a specific transaction, it asserts or negates Bl according
1/0 | Controlled by to the value specified in the appropriate control registers.
RCWI[DBGC]. The signal is negated after the end of the transaction and
BI/STS 1 See Table 6-8. |then is immediately three-stated.

This is an active-low signal and needs an external pull-up
resistor to ensure proper operation and signal timing
specifications.

Special Transfer Start. This output signal is driven by the
o MPC561/MPC563 to indicate the start of a transaction on
the external bus or signals the beginning of an internal
transaction in show cycle mode.
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Signal Descriptions

Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

Interrupt Controller

IRQO / SGPIOCO / MDO4

110

MDO4 if the
Nexus (READI)
port is enabled,
IRQO otherwise.
See Section 2.5.

Interrupt Request 0. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU. IRQO is a non-maskable
interrupt (NMI).

Port SGPIOCO. Allows the signal to be used as a
general-purpose input/output.

READI Message Data Out. Message data out (MDO4) are
output signals used for uploading OTM, BTM, DTM, and
read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight signals are implemented.

IRQ1/RSV/SGPIOC1

/10

Interrupt Request 1. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU.

Reservation. This signal is used, together with the address
bus, to indicate that the internal core initiated a transfer as a
result of a STWCX or a LWARX instruction.

Port SGPIOCL1. Allows the signal to be used as a
general-purpose input/output.

IRQ2/CR/SGPIOC2 /
MTS?

I/10

Interrupt Request 2. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU.

Cancel Reservation. Instructs the MPC561/MPC563 to
clear its reservation because some other master has
touched its reserved space. An external bus snooper
asserts this signal.

Port SGPIOC2. Allows the signal to be used as a
general-purpose input/output.

Memory Transfer Start. This is the transfer start signal from
the MPC561's memory controller that allows external
memory access by an external bus master.

IRQ3 /KR /RETRY /
SGPIOC3

I/10

I/10

110

Interrupt Request 3. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU.

Kill Reservation. In case of a bus cycle initiated by a STWCX
instruction issued by the RCPU core to a non-local bus on
which the storage reservation has been lost, this signal is
used by the non-local bus interface to back-off the cycle.

Retry. Indicates to a master that the cycle is terminated but
should be repeated. As an input, it is driven by the external
slave to retry a cycle.

Port SGPIOC3. Allows the signal to be used as a
general-purpose input/output.
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Signal Descriptions

Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

IRQ4 / AT2 /| SGPIOC4

I/0

Interrupt Request 4. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU.

Address Type 2. A bit from the address type bus which
indicates one of the 16 “address types” to which the address
applies. The address type signals are valid at the rising edge
of the clock in which the special transfer start (STS) is
asserted.

Port SGPIOCA4. Allows the signal to be used as a
general-purpose input/output.

IRQ5 / MODCK1 / SPGIOC5

110

MODCK1 until
reset negates,

then IRQ5

Interrupt Request 5. One of the eight external signals that
can request, by means of the internal interrupt controller, a
service routine from the RCPU.

Mode Clock 1. Sampled at the negation of PORESET/TRST
in order to configure the phase-locked loop (PLL)/clock
mode of operation.

Port SGPIOCS. Allows the signal to be used as a
general-purpose input/output.

IRQ[6:7] / MODCK[2:3]

MODCK][2:3]
until reset
negates, then
IRQI6:7]

Interrupt Request [6:7]. One of the eight external signals
that can request, by means of the internal interrupt
controller, a service routine from the RCPU.

Mode Clock [2:3]. Sampled at the negation of
PORESET/TRST in order to configure the PLL/clock mode
of operation.

CSJ[0:3]

CS[0:3]

Chip Select [0:3]. These output signals enable peripheral or
memory devices at programmed addresses if defined
appropriately in the memory controller. CS0 or CS3 can be
configured to be the global chip select for the boot device.

WEJ0:3] / BE[0:3] / AT[0:3]

Controlled by
RCW[ATWC].
See Table 6-8.

Write Enable[0:3]/Byte Enable[0:3]. This output signal is

asserted when a write access to an external slave controlled

by the memory controller is initiated by the

MPC561/MPC563. It can be optionally asserted on all read

and write accesses. See WEBS bit definition in Table 10-8.

WEN/BEn are asserted when data lanes shown below

contain valid data to be stored by the slave device.

— WEO/BEQ is asserted if the data lane DATA[0:7] contains

valid data to be stored by the slave device.

« WE1/BEL1 is asserted if the data lane DATA[8:15]
contains valid data to be stored by the slave device.

« WEZ2/BE2 is asserted if the data lane DATA[16:23]
contains valid data to be stored by the slave device.

« WEB3/BER is asserted if the data lane DATA[24:31]
contains valid data to be stored by the slave device.

Address Type [0:3]. Indicates one of the 16 address types to
which the address applies. The address type signals are
valid at the rising edge of the clock in which the special
transfer start (STS) is asserted.
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Signal Descriptions

Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

System Control

PORESET / TRST

PORESET /
TRST

Power-On Reset. This signal should be activated as a result
of a voltage failure on the keep-alive power supply. The
signal has a glitch detector to ensure that low spikes of less
than 20 ns are rejected. The internal PORESET / TRST
signal is asserted only if PORESET / TRST is asserted for
more than 100 ns. See Chapter 7, “Reset,” for more details
on timing.

Test Reset. This input provides asynchronous reset to the
test logic (JTAG).

HRESET

I/10

HRESET

Hard Reset. The reset controller can detect an external
assertion of HRESET only if it occurs while the
MPC561/MPC563 is not asserting reset. After negation of
HRESET or SRESET is detected, a 16-cycle period is taken
before testing the presence of an external reset.

The internal HRESET signal is considered asserted only
when assertion lasts for more than 100 ns. To meet external
timing requirements, an external pull-up device is required
to negate HRESET. See Chapter 7, “Reset,” for more details
on timing.

SRESET

I/10

SRESET

Soft Reset. The reset controller can detect an external
assertion of SRESET only if it occurs while the
MPC561/MPC563 is not asserting reset. After negation of
HRESET or SRESET is detected, a 16-cycle period is taken
before testing the presence of an external soft reset. To
meet external timing requirements, an external pull-up
device is required to negate SRESET. See Chapter 7,
“Reset,” for more details on timing.

Development and Debug

SGPIOC6 / FRZ / PTR

110

PTR

Port SGPIOCG6. Allows the signals to be used as
general-purpose inputs/outputs.

Freeze. Indicates that the RCPU is in debug stopped mode.

Program Trace. Indicates an instruction fetch is taking place
(for program flow tracking).

SGPIOC7 / IRQOUT/ LWPO

LWPO

Port SGPIOC?7. Allows the signal to be used as
general-purpose inputs/outputs.

Interrupt Out. Indicates that an interrupt has been requested
to all external devices.

Load/Store Watchpoint 0. This output signal reports the
detection of a data watchpoint in the program flow executed
by the RCPU. See Chapter 23, “Development Support,” for
more details.
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Signal Descriptions

Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

BG/VFO/LWP1

110

Controlled by
RCWI[DBGC].
See Table 6-8.

Bus Grant. Indicates external bus status. BG is asserted low
when the external bus arbiter grants ownership of the
external bus to a specific master. This is an active-low signal
and needs an external pull-up resistor to ensure proper
operation and meet signal timing specifications.

Visible Instruction Queue Flush Status 0. This output signal
together with VF1 and VF2 is output by the
MPC561/MPC563 when program instruction flow tracking is
required. VFs report the number of instructions flushed from
the instruction queue in the internal core. See Chapter 23,
“Development Support,” for more details.

Load/Store Watchpoint 1. This output signal reports the
detection of a data watchpoint in the program flow executed
by the RCPU.

BR/VF1/IWP2

I/10

Controlled by
RCWI[DBGC].
See Table 6-8.

Bus Request. Indicates that the external bus has been
requested for external cycle. This is an active-low signal and
needs an external pull-up resistor to ensure proper
operation and meet signal timing specifications.

Visible Instruction Queue Flush Status 1. This output signal
together with VFO and VF2 is output by the
MPC561/MPC563 when program instruction flow tracking is
required. VFs report the number of instructions flushed from
the instruction queue in the internal core. See Chapter 23,
“Development Support,” for more details.

Instruction Watchpoint 2. This output signal reports the
detection of an instruction watchpoint in the program flow
executed by the RCPU.

BB/ VF2/IWP3

110

Controlled by
RCW[DBGC].
See Table 6-8

Bus Busy. Indicates that the master is using the external
bus. BB is an active-low signal and needs an external
pull-up resistor to ensure proper operation and signal timing
specifications.

Visible Instruction Queue Flush Status 2. This output signal
together with VFO and VF1 is output by the
MPC561/MPC563 when a program instructions flow
tracking is required. VFs report the number of instructions
flushed from the instruction queue in the internal core.

Instruction Watchpoint 3. This output signal reports the
detection of an instruction watchpoint in the program flow
executed by the internal core.

IWP[0:1] / VFLS[0:1]

Controlled by
RCW[DBGC].
See Table 6-8.

Instruction Watchpoint [0:1]. These output signals report the
detection of an instruction watchpoint in the program flow
executed by the RCPU.

Visible History Buffer Flush Status [0:1]. These signals are
output by the MPC561/MPC563 to enable program
instruction flow tracking. They report the number of
instructions flushed from the history buffer in the RCPU. See
Chapter 23, “Development Support,” for details.
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Signal Descriptions

Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

. No. of Function after s
Signal Name Signals Type Resetl Description
JTAG/BDM/READI
| TMS unless the | Test Mode Select. This input controls test mode operations
Nexus (READI) |for on-board test logic (JTAG).
TMS/EVTI 1 {)hoer; '—E\?_rl]_?bled’ EVTI. Eventin (EVTI) is level sensitive when configured for
| See Section 2.5. breakpoint generation, otherwise it is edge sensitive.
| Test Data In. This input is used for serial test instructions
and test data for on-board test logic (JTAG).
DSD! unless the Development Serial Data Input. This input signal is the data
Nexus (READI) |. .
TDI/ DSDI / MDIO | port (MDIO) or in for the debug port interface. See Chapter 23,
1 JTAG mode Development Support,” for details.
(TDI)isenabled. | Message Data In. MDIO is a Nexus input signal used for
| See Section 2.5. | downloading configuration information, writes to user
resources, and so forth. Internal latching of MDI occurs on
the rising edge of MCKI.
| Test Clock. This input provides a clock for on-board test logic
DSCK unless (JTAG).
the Nexus : . - X
TCK / DSCK / MCK] (READI) port Development S_erlal Clock. This input S|gnfil is the clock for
| the debug port interface. See Chapter 23, “Development
1 (MCKI) or JTAG Support,” for details
mode (TCK) is ' i
enabled. Message Clock In. This input line is the input clock to the
| See Section 2.5. | READI module for the Nexus message clock input.
@) Test Data Out. This output is used for serial test instructions
DSDO unless and test data for on-board test logic (JTAG).
the Nexus Development Serial Data Output. This output signal is the
TDO / DSDO / MDOO 1 (@) EI\R/IED%%;)OF;?][IEAG data-out line of the debug port interface. See Chapter 23,
mode (TDO) is Development Support,” for details.
enabled. READI Message Data Out. Message data out: MDOO is an
O | See Section 2.5. | output signal used for uploading OTM, BTM, DTM, and
read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight MDO signals are implemented.
JTAG Compliancy. This signal enables the IEEE1149.1
JTAG compliant circuitry in the MPC561/MPC563.
JCOMP / RSTI 1 I See Section 2.5. |0 JTAG disabled
1 JTAG enabled
| RSTI. Reset input for the Nexus port.
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Signal Descriptions

Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

Clocks and PLL

XTAL

XTAL

XTAL. This output signal is one of the connections to an
external crystal for the internal oscillator circuitry.

EXTAL

EXTAL

EXTAL. This signal is one of the connections to an external
crystal for the internal oscillator circuitry. If EXTAL is unused,
it must be grounded.

XFC

XFC

External Filter Capacitance. This input signal is the
connection for an external capacitor filter for the PLL
circuitry.

CLKOUT

CLKOUT

Clock Out. This output signal is the clock system frequency.
The CLKOUT drive strength can be configured to full
strength, half strength, quarter strength, or disabled. The
drive strength is configured using the COM[0:1] bits and
CQDS bits in the SCCR register in the USIU.

EXTCLK

EXTCLK

EXTCLK. This is the external frequency source for the
MPC561/MPC563. If EXTCLK is unused, it must be
grounded.

ENGCLK / BUCLK

ENGCLK (2.6
V)

ENGCLK. This is the engineering clock output. Drive voltage
can be configured to 2.6 V, 5 V (with slew-rate control), or
disabled. The drive voltage is configured using the
EECLK]O0:1] bits in the SCCR register in the SIU.

BUCLK. When the MPC561/MPC563 is in limp mode, it is
operating from a less precise on-chip ring oscillator to allow
the system to continue minimum functionality until the
system clock is fixed. This backup clock can be seen
externally if selected by the values of the EECLK][0:1] bits in
the SCCR register in the USIU.

VDDSYN

VDDSYN

VDDSYN. This is the power supply of the PLL circuitry.

VSSSYN

VSSSYN

VSSSYN. This is the ground reference of the PLL circuitry.

Configuration

PULL_SELS3

PULL_SEL

Pull Select. PULL_SEL determines whether the pull devices
on the MIOS and TPU signals are pull-ups or pull-downs.
When pull-ups are selected, the pull-ups are to 5.0 V except
the following MIOS signals will be pulled to 2.6V:
VF[0:2]/MPIO32B[0:2], VFLS[0:1}/MPI032B[3:4], and
MDOI[7:4])/MP1032B[7:10]. When this pin is low, pull-downs
are selected.

TouCAN

A_CNTX0

A_CNTX0

TouCAN_A Transmit Data. This signal is the serial data
output.

A_CNRX0

A_CNRXO

TouCAN_A Receive Data. This signal is the serial data
input.

B_CNTXO

B_CNTXO

TouCAN_B Transmit Data. This signal is the serial data
output.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

B_CNRXO

1

B_CNRXO

TouCAN_B Receive Data. This signal is the serial data
input.

UC3F Flash?*

EPEE*

EPEE

EPEE. This external program/erase enable control signal
externally controls the program or erase operations. When
held low, program or erase operations on the entire internal
Flash module are disabled. Available in the MPC563 only.
This signal is not connected on the MPC561.

BOEPEE*

BOEPEE

BOEPEE. This control signal externally controls the program
or erase operations on block 0 of the internal Flash. When
held low, program or erase operations on block 0 only are
disabled. Available in the MPC563 only. This signal is not
connected on the MPC561.

VFLASH?*

VFLASH

VFLASH. Flash supply voltage (5-V supply) used during all
operations of the UC3F. Available in the MPC563 only. This
signal is not connected on the MPC561.

VDDF*

VDDF

VDDF. Flash core voltage input (2.6-V supply). Available in
the MPC563 only. This signal should be connected to VDD,
preferably directly to a 2.6V plane on the circuit board. This
signal is not connected on the MPC561.

VSSF4

VSSF

VSSF. Flash core ground reference. Available in the
MPC563 only. This signal is not connected on the MPC561.

QADCG64E_A and

QADCG64E_B

ETRIG[1:2] / PCS[6:7]

ETRIG[1:2]

ETRIG[1:2]. These are the external trigger inputs to the
QADCG64E_A and QADC64E_B modules. ETRIG1 can be
configured to be used by both QADC64E_A and
QADCG64E_B. Likewise, ETRIG2 can be used by both
QADCG64E_B and QADCG64E_A. The trigger input signals
are associated with the scan queues.

PCS[6:7]. This signals provide QSPI peripheral chip select
when the enhanced PCS mode is selected.

A_ANO/A_ANw /A _PQBO

A_ANO

1/0°

Analog Channel 0. Internally multiplexed input-only analog
channel. Passed on as a separate signal to the QADC64E.

Multiplexed Analog Input (A_ANw). Externally multiplexed
analog input.

Port A_PQBO. This is a bidirectional general-purpose /O if
the QADCG64E is configured in enhanced mode, otherwise it
is an input only.

A_AN1/A_ANX/ A _PQB1

A_AN1

1/0°

Analog Channel 1. Internally multiplexed input-only analog
channel. Passed on as a separate signal to the QADC64E.

Multiplexed Analog Input (A_ANX). Externally multiplexed
analog input.

Port A_PQBL. This is a bidirectional general-purpose /O if
the QADCG64E is configured in enhanced mode, otherwise it
is an input only.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

No. of Function after

Signal Name Signals Type Resetl Description

Analog Channel 2. Internally multiplexed input-only analog
| channel. The input is passed on as a separate signal to the
QADCG4E.

A_AN2/A_ANy/ A_POB2 1 | A_AN2 Multlple_xed Analog Input (A_ANy). Externally multiplexed
analog input.

Port A_PQB2. This is a bidirectional general-purpose /O if
1/0° the QADCG64E is configured in enhanced mode, otherwise it
is an input only.

Analog Input 3. Internally multiplexed input-only analog
| channel. The input is passed on as a separate signal to the
QADCBG4E.

I Multiplexed Analog Input (A_ANz). Externally multiplexed
A _AN3/A ANz /A_PQB3 1 A_AN3 analog input,

Port A_PQB 3. This is a bidirectional general-purpose I/O if
1/0° the QADCG64E is configured in enhanced mode, otherwise it
is an input only.

| Analog Input [48:51]. Analog input channel. The input is
passed on as a separate signal to the QADC64E.

A_AN[48:51]/ A_PQBI4.7] 4 AN[48:51] Port A_PQB[4:7]. This is a bidirectional general-purpose /0
1/0° if the QADCG64E is configured in enhanced mode, otherwise
it is an input only.

| Analog Input [52:54]. Input-only. These inputs are passed on
as separate signals to the QADC64E.

Multiplexed Address [0:2] for QADC64E Module A. Provides
I a three-bit multiplexed address output to the external

ﬁ—g‘g[:’[zo‘?]'] I A_MA[0:2]/ 3 A_AN[52:54] multiplexer chip to allow selection of one of the eight inputs.

Port A_PQA[0:2]. This is a bidirectional general-purpose
110 I/O.

I Analog Input [55:59]. Input-only. These inputs are passed on
as separate signals to the QADC64E.

A_AN[55:59]/ A_PQA[3:7] 5 A_AN[55:59] Port A_PQA[3:7]. This is a bidirectional general-purpose
I/0 I/O.

I Analog Channel 0. Internally multiplexed input-only analog
channel. Passed on as a separate signal to the QADC64E.

B_ANO/B_ANw / B_PQBO 1 | B ANO Multlple_xed Analog Input (B_ANw). Externally multiplexed
- - - - analog input.

Port B_PQBO. This is a bidirectional general-purpose /O if
1/0 the QADCG64E is configured in enhanced mode, otherwise it
is an input only.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

B_AN1/B_ANx/ B_PQB1

I/10

B_AN1

Analog Channel 1. Internally multiplexed input-only analog
channel. Passed on as a separate signal to the QADC64E.

Multiplexed Analog Input (B_ANX). Externally multiplexed
analog input.

Port B_PQBL1. This is a bidirectional general-purpose /O if
the QADCG64E is configured in enhanced mode, otherwise it
is an input only.

B_AN2/B_ANy/ B_PQB2

I/10

B_AN2

Analog Channel 2. Internally multiplexed input-only analog
channel. The input is passed on as a separate signal to the
QADCG64E.

Multiplexed Analog Input (B_ANy). Externally multiplexed
analog input.

Port B_PQB2. This is a bidirectional general-purpose I/O if
the QADCG64E is configured in enhanced mode, otherwise it
is an input only.

B_AN3/B_ANz/B_PQB3

110

B_AN3

Analog Input 3. Internally multiplexed input-only analog
channel. The input is passed on as a separate signal to the
QADCG64E.

Multiplexed Analog Input (B_ANz). Externally multiplexed
analog input.

Port B_PQB3. This is a bidirectional general-purpose I/O if
the QADCG64E is configured in enhanced mode, otherwise it
is an input only.

B_AN[48:51] / B_PQB[4:7]

I/0

B_AN[48:51]

Analog Input [48:51]. Analog input channel. The input is
passed on as a separate signal to the QADC64E.

Port B_PQB[4:7]. This is a bidirectional general-purpose 1/0
if the QADCG64E is configured in enhanced mode, otherwise
it is an input only.

B_AN[52:54] / B_MA[0:2] /
B_PQA[0:2]

I/0

B_AN[52:54]

Analog Input [52:54]. These inputs are passed on as
separate signals to the QADCG64E.

Multiplexed Address [0:2] for QADC64E Module A. Provides
a three-bit multiplexed address output to the external
multiplexer chip to allow selection of one of the eight inputs.

Port B_PQA[0:2]. This is a bidirectional general-purpose
I/O.

B_AN[55:59] / B_PQA[3:7]

I/0

B_AN[55:59]

Analog Input [55:59]. These inputs are passed on as
separate signals to the QADCG64E.

Port B_PQA[3:7]. This is a bidirectional general-purpose
I/O.

VRH

VRH

VRH. Input signal for high reference voltage for the
QADC64E_A and QADC64E_B modules.

VRL

VRL

VRL. Input signal for low reference voltage for the
QADCG64E_A and QADC64E_B modules.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

No. of Function after

Signal Name Signals Type Resetl Description

ALTREF 1 I ALTREF ALTREF. Input signal for alternate reference voltage for the
QADC64E_A and QADC64E_B modules.

VDDA 1 I VDDA VDDA. Power supply input to analog subsystems of the
QADCG64E_A and QADC64E_B modules.

VSSA 1 | VSSA VSSA. Ground level for analog subsystems of the
QADC64E_A and QADC64E_B modules.

QSMCM

/0 PCSO. This signal provides QSPI peripheral chip select 0 for
the QSMCM module.

1/0 SS. Assertion of this bidirectional signal places the QSPI in
QGPIOO0 slave mode.

Port QGPIOO0. When this signal is not needed for a QSPI
/0 application it can be configured as a general-purpose
input/output.

/0 PCSJ[1:3]. These signals provide QSPI peripheral chip
selects for the QSMCM module.

PCS[L:3]7 QGPIO[1:3] 3 QGPIO[1:3] Port QGPIO[1:3]. When these signals are not needed for
/0 QSPI applications they can be configured as
general-purpose input/outputs.

Master-In Slave-Out (MISO). This bidirectional signal is the
110 serial data input to the QSPI in master mode, and serial data
output from the QSPI in slave mode.

QGPI104 — -

MISO / QGPIO4 1 Port QGPI0O4. When this signal is not needed for a QSPI
1/0 application it can be configured as a general-purpose
input/output.

Master-Out Slave-In (MOSI). This bidirectional signal is the
/0 serial data output from the QSPI in master mode and serial
data input to the QSPI in slave mode.

QGPIO5
MOSI/ QGPIOS 1 Port QGPIO5. When this signal is not needed for a QSPI
/0 application it can be configured as a general-purpose
input/output.

SCK. This bidirectional signal is the clock from the QSPI in
110 master mode or is the clock to the QSPI in slave mode.

QGPIO6 Port QGPIO6 for the QSMCM module. When this signal is
SCK/QGPIO6 L /0 not needed for a QSPI application it can be configured as a
general-purpose input/output. When the QSPl is enabled for
serial transmitting, the signal cannot function as a GPIO.

PCS0/SS/QGPIO0 1

(@) Transmit Data 1. This is the serial data output from the SCI1.

Port QGPO 1. When these signals are not needed for SCI
QGPO1 applications, they can be configured as general-purpose
(@) outputs. When the transmit enable bit in the SCI control
register is set to a logic 1, these signals cannot function as
general-purpose outputs.

TXD1/QGPO1 1

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

TXD2/QGPO2/ C_CNTX0°®

o

QGPO2

Transmit Data 2. This is the serial data output from the SCI2

Port QGPO 2. When this signal is not needed for SCI
applications it can be configured as general-purpose output.
When the transmit enable bit in the SCI control register is set
to alogic 1, this signal cannot function as a general-purpose
output.

TouCAN Transmit Data. This signal is the serial data output
for the TouCAN_C module.

RXD1/QGPI1

QGPI1

Receive Data 1. This input signal is the serial data input to
the SCI.

Port QGPI 1. When this signal is not needed for SCI
applications, it can be configured as a general-purpose
input. When the receive enable bitin the SCI control register
is set to a logic 1, this signal cannot function as a
general-purpose input.

RXD2 / QGPI2 / C_CNRX0®

QGPI2

Receive Data 2. This input signal provides serial data input
to the SCI2.

Port QGPI 2. When this signal is not needed for SCI
applications it can be configured as a general-purpose
input. When the receive enable bit in the SCI control register
is set to a logic 1, this signal cannot function as a
general-purpose input.

TouCAN Receive Data. This is the serial data input signal for
the TouCAN_C module.

MIOS14

MDA[11:15, 27:31]

10

110

MDA[11:15,
27:31]

Double Action. These 10 signals provide paths for two 16-bit

input captures and two 16-bit output compares.

Clock and Load inputs:

« MDAL1 can provide clock inputs to the modulus counter
submodule, MMCSM6

e MDA12 can provide load inputs to the modulus counter
submodule, MMCSM6

* MDAL13 can provide clock inputs to MMCSM22

* MDAZ14 can provide load inputs to MMCSM22

« MDA27 can provide clock inputs to MMCSM23

* MDAZ28 can provide load inputs to MMCSM23

* MDAS30 can provide clock inputs to MMCSM7

* MDA3L1 can provide load inputs to MMCSM7

MPWMO / MDI1

110

MPWMO unless
the Nexus
(READI) port is
enabled, then
MDI1.

See Section 2.5.

Pulse Width Modulation 0. This signal provides variable
pulse width outputs at a wide range of frequencies.

Message Data In. MDI1 is a Nexus input signal used for
downloading configuration information, writes to user
resources, etc. Internal latching of MDI will occur on rising
edge of MCKI.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

. No. of Function after s
Signal Name Signals Type Resetl Description
/0 | MPWML1 unless | Pulse Width Modulation 1. This signal provides a variable
the Nexus pulse width output signal at a wide range of frequencies.
ggggg ?ﬁ;'s READI Message Data Out. Message data out (MDO2) is an
MPWM1 / MDO2 1 MDO2 ' output signal used for uploading OTM, BTM, DTM, and
(@) S S. tion 2.5 read/write accesses. External latching of MDO occurs on
ee Seclion 2.9- | e rising edge of MCKO. Eight MDO signals are
implemented.
/0 Pulse Width Modulation 2. This signal provides a variable
MPWM2 / PPM_TX1 1 MPWM2 pulse width output signal at a wide range of frequencies.
(@) PPMTX1. Transmit data from PPM channel number 1.
/0 Pulse Width Modulation 3. This signal provides a variable
MPWM3 / PPM_RX1 1 MPWM3 pulse width output signal at a wide range of frequencies.
| PPMRX1. Receive data to the PPM channel number 1.
Pulse Width Modulation 16. This signal provides a variable
MPWM16 1 /10 | MPWM16 pulse width output at a wide range of frequencies.
Clock Input: MPWM16 can provide a clock input to modulus
clock submodule, MMCSM8
Pulse Width Modulation 17. This signal provides variable
/10 | MPWM17 pulse width outputs at a wide range of frequencies.
unless the Load Input: PWM17 can provide a load input to modulus
Nexus (READI) |clock submodule, MMCSM8
MPWM17 /MDO3 1 gort g’ ertlial;l(azdé READI Message Data Out. Message data out (MDO3) is an
ee section 2.5. output signal used for uploading OTM, BTM, DTM, and
0] read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight MDO signals are implemented.
Pulse Width Modulation [18:19]. These signals provide
variable pulse width output signals at a wide range of
frequencies.
/0 Clock and Load Input:
« MPWMZ18 can provide clock inputs to modulus counter
submodule MMCSM24
MPWM[18:19] / MDO[6:7] 2 MPWM[18:19] * MPWMZ19 can provide load inputs to modulus counter
submodule MMCSM24
READI Message Data Out. Message data out (MDO[6:7])
are output signals used for uploading OTM, BTM, DTM, and
(@) read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight MDO signals are implemented.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name S’\ilgr.lglfs Type Fun;ggzt?fter Description
1/0 MIOS14 GPIO 0. Allows the signals to be used as
general-purpose inputs/outputs.
MPIO32B0 Visible Instruction Queue Flush Status O. These_signal;
output by the MPC561/MPC563 when program instruction
o unless the flow tracking is required. VF reports the number of
MPIO32B0 /VFO / MDO1 1 Nexu_s (READI) instructions flushed from the instruction queue in the
port is enabled, |. . . .
then MDOL. internal core. VF signals are also multiplexed with the
See Section 2.5 development and debug signals VFO / LWP1/BG, VF1/
| IWP2/BR, and VF2 / IWP3/ BB.
READI Message Data Out. Message data out (MDO1) is an
(@) output signal used for uploading OTM, BTM, DTM, and
read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight MDO signals are implemented.
1/0 MIOS14 GPIO 1. Allows the signals to be used as
general-purpose inputs/outputs.
MPIO32B1 Visible Instruction Queue Flush Status 1. These signals
output by the MPC561/MPC563 when program instruction
unless the flow tracking is required. VF reports the number of
(@) Nexu_s (REAIDI) instructions flushed from the instruction queue in the
MPIO32B1/VF1/MCKO 1 fhog;'s enabled, internal core. VF signals are also multiplexed with the
MCKO development and debug signals VF0 / LWP1/BG, VF1/
L IWP2 / BR, and VF2 / IWP3 / BB.
See Section 2.5.
MCKO. Message clock-out (MCKO) is a free-running output
(@) clock to development tools for timing of MDO and MSEO
signal functions. MCKO is the same as the
MPC561/MPC563 system clock.
/0 MIOS14 GPIO 2. Allows the signals to be used as
general-purpose inputs/outputs.
Visible Instruction Queue Flush Status 2. These signals
output by the MPC561/MPC563 when program instruction
MPI032B2 flow tracking is required. VF reports the number of
unless the . cing N ) ep . .
R i R
—_— . i . i ultiplexed wi
MPIO32B2 / VF2 / MSEI 1 fhoé; ";’Agré?bled’ development and debug signals VFO / LWP1 | BG, VF1/
- IWP2 / BR, and VF2 / IWP3 / BB.
See Section2.5.| _
MSEI. Message Start/End Input. The MSEI input is a Nexus
I input signal that indicates when a message on the MDI
signals has started, when a variable length packet has
ended, and when the message has ended. Internal latching
of MSEI occurs on rising edge of MCKI.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

. No. of Function after s
Signal Name Signals Type Resetl Description
1/0 MIOS14 GPIO 3. Allows the signal to be used as a
general-purpose input/output.
MPIO32B3 Visible History Buffer Flush Status 0. This signal is output by
nless th the MPC561/MPC563 to allow program instruction flow
(@) llilefj: (RTEADI) tracking. It reports the number of instructions flushed from
MPIO32B3 / VFLS0/ MSEO | 2 port is enabled, | ¢ Nistory buffer in the RCPU. See Chapter 23,
. Development Support,” for details.
See Section 2.5.
MSEO. Message start/end out (MSEO) is an output signal
which indicates when a message on the MDO signals has
(@) started, when a variable length packet has ended, and when
the message has ended. External latching of MSEO occurs
on rising edge of MCKO.
/0 MIOS14 GPIO 4. Allows the signal to be used as a
general-purpose input/output.
Visible History Buffer Flush Status 1. This signal is output by
MPI032B4 / VFLS1 1 MPIO32B4 the MPC561/MPC563 to allow program instruction flow
O tracking. It reports the number of instructions flushed from
the history buffer in the RCPU. See Chapter 23,
“Development Support,” for details.
/0 | MPIO32B5 MIOS14 GPIO 5. Allows the signal to be used as a
unless the general-purpose input/output.
Nexus (READI) .
. READI Message Data Out. Message data out (MDO5) is an
MPIO32B5 / MDOS L o portis enabled, output signal used for uploading OTM, BTM, DTM, and
then MDOS. . .
See Section 2.5 read/write accesses. External latching of MDO occurs on
ee section 2.5. rising edge of MCKO. Eight MDO signals are implemented.
/10 | MPIO32B6 MIOS14 GPIO 6. Allows the signal to be used as
unless the general-purpose input/output.
Nexus (READI) - - - - -
MPIO3286./ MPW4 jo |portisenabled. | oS ot at & wide range of fequencies,
MDO6 1 then MDO6. | P P 9 q :
See Section 2.5. | READI Message Data Out. Message data out (MDOG) is an
0] output signal used for uploading OTM, BTM, DTM, and
read/write accesses. External latching of MDO occurs on
rising edge of MCKO. Eight MDO signals are implemented.
/0 MIOS14 GPIO[7:9]. Allows these signals to be used as
MPIO32BJ[7:9]/ general-purpose input/outputs.
MPWM[5, 20:21] 3 MPI0328B[7:9] Pulse Width Modulation [5, 20:21]. These signals provide
I/0 variable pulse width outputs at a wide range of frequencies.
/0 MIOS14 GPIO 10. This function allows the signals to be
used as general-purpose inputs/outputs.
MPIO32B10/ PPM_TSYNC 1 (@) MPI032B10 PPM_TSYNC. Synchronizes the data between the PPM and
peripheral devices.
/0 MIOS14 GPIO 11. This function allows the signals to be
MPIO32B11 / C_CNRX0°® 1 MPIO32B11 used as general-purpose inputs/outputs.
| TouCAN_C Receive Data. This is the serial data input signal
for the TouCAN_C module.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

MPIO32B12 / C_CNTX0°®

I/10

0]

MPIO32B12

MIOS14 GPIO 12. This function allows the signals to be
used as general-purpose inputs/outputs.

TouCAN_C Transmit Data. This is the serial data output
signal for the TouCAN_C module.

MPI1032B13 / PPM_TCLK

110

MPIO32B13

MIOS14 GPIO 13. This function allows the signals to be
used as general-purpose inputs/outputs.

PPM_TCLK. PPM bus clock

MP1032B14 / PPM_RXO0

110

MPIO32B14

MIOS14 GPIO 14. This function allows the signals to be
used as general-purpose inputs/outputs.

PPM_RXO0. Receive data to the PPM channel number 0.

MPIO32B15 / PPM_TX0

110

MPI1032B15

MIOS14 GPIO 15. This function allows the signals to be
used as general-purpose inputs/outputs.

PPM_TXO0. Transmit data from PPM channel number 0.

TPU

A_TPUCH][0:15]

16

/0

A_TPUCHI[0:15]

Provides TPU module A with 16 input/output programmable
timed events.

A_T2CLK/PCS5

110

A_T2CLK

This signal is used to clock or gate the timer count register
2 (TCR2) within the TPU module A. This signal is an
output-only in special test mode.

PCS5. This signal provides QSPI peripheral chip select
when the enhanced PCS mode is selected.

B_TPUCH][0:15]

16

110

B_TPUCHI[0:15]

Provides TPU module B with 16 input/output programmable
timed events.

B_T2CLK/PCS4

110

B_T2CLK

This signal is used to clock or gate the timer count register
2 (TCR2) within the TPU module B. This signal is an
output-only in special test mode.

PCSA4. This signal provides QSPI peripheral chip select
when the enhanced PCS mode is selected.

Global Power

NVDDL

NVDDL

NVDDL. Noisy 2.6-V voltage supply input. This signal
supplies the final output stage of the 2.6-V pad output
drivers. The NVDDL and QVDDL supplies should be
connected to the same power supply in a user's system.

QVDDL

QVDDL

QVDDL. Quiet 2.6-V voltage supply input. This signal
supplies all pad logic and pre-driver circuitry, except for the
final output stage of the 2.6-V pad output drivers.

The NVDDL and QVDDL supplies should be connected to
the same power supply in a user's system.

VDDH

VDDH

VDDH. 5-V voltage supply input.

VDD

VDD

VDD. 2.6-V voltage supply input for internal logic.

KAPWR

KAPWR

Keep-Alive Power. 2.6-V voltage supply input for the
oscillator and keep-alive registers.
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Table 2-1. MPC561/MPC563 Signal Descriptions (continued)

. No. of Function after s
Signal Name Signals Type Resetl Description
VSS 1 | VSS VSS. Zero supply/ground level for internal logic/external
bus.
IRAMSTBY 1 I IRAMSTBY SRAM Keep-Alive Power. This is an input current source for

an internal regulator that supplies voltage to all SRAM
modules in standby mode. This pad connects through a
voltage regulator and a voltage switch to the following
modules: CALRAM (32-Kbyte SRAM), DPTRAM (8-Kbyte
SRAM), BBC DECRAM (2-Kbyte vocabulary SRAM).

This is the function after PORESET/TRST and HRESET.

This signal also included the MDOS5 function on the K27S mask set of the MPC561.
This signal was ECK on K27S mask set of MPC561.

Only the MCP563/MPC564 have Flash memory.

The input only applies in legacy mode.

C_CNTX0 and C_CNRXO0 can be shared either with the MIOS14 GPIO pins (MP1032B12, MPIO32B11) or with the QSMCM
SC12 pins (TXD2 / QGPO2, RXD2 / QGPI2). The selection is made by the TCNC bits in the PDMCR?2 register. Refer to
Section 2.4, “Pad Module Configuration Register (PDMCR2).”

o A W N P

2.2.1 MPC561/MPC563 Signal Multiplexing

Table 2-2describes the signal multiplexing thataocs between differémodules of the
MPC561/MPC563. Most of the signal functicam® controlled by the PDMCR2 register.

Table 2-2. MPC561/MPC563 Signal Sharing

Signal Name Module Sharing
C_CNTX0/MPI0O32B12, TouCAN shared with MIOS14 GPIO
C_CNRX0/MPIO32B11

TXD2/QGPO2/C_CNTXO0 TouCAN shared with QSMCM SCI2
RXD2/QGPI2/C_CNRXO
MP1032B5/MDO5 READI submodule shared with MIOS14 GPIO
MPIO32B6/MPWMA4, MIOS14 PWM submodule shared with MIOS14 GPIO

MPI1032B7/MPWMS5,
MP1032B8/MPWM20,
MPI1032B9/MPWM21

VFO/MPIO32B0/MDO1, Debug pins shared with MIOS14 GPIO and READI

VF1/MPIO32B1/MCKO,

VF2/MPIO32B2/MSEI,
VFLSO0/MPIO32B3/MSEO

MPI1032B13/PPM_TCLK PPM submodule shared with MIOS14 GPIO
MPI1032B14/PPM_RXO0
MPI032B15/PPM_TXO0

MPWM2/PPM_TX1 PPM submodule shared with MIOS14 PWM submodule
MPWM3/PPM_RX1
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Table 2-2. MPC561/MPC563 Signal Sharing (continued)

Signal Name

Module Sharing

MPWMO/MDI1,
MPWM1/MDO2,
MPWM17/MDO3,
MPWM[18:19)/MDO[6:7]

READI submodule shared with MIOS14 PWM submodule

B_T2CLK/PCS4
A_T2CLK/PCS5

TPU3 modules shared with QSMCM module.

ETRIG1/PCS6
ETRIG2/PCS7

QADCG64E modules shared with QSMCM module.

2.2.2

READI Port Signal Sharing

Table 2-3andTable 2-4show the signal functionality of the RBI signals when the Nexus port is in
reduced port mode and full port mode.

Table 2-3. Reduced and Full Port Mode Pads

Pad Name Functionality in Reduced Functionality When Not in
Port Mode Reduced Port Mode

TDI/DSDI/MDIO* MDIO TDI/DSDI
TDO/DSDO/MDOO0 MDOO TDO/DSDO?
VFO/MPIO32B0/MDO1 MDO1 VFO/MPIO32B03
VF1/MPI032B1/MCKO MCKO VF1/MPIO32B13
VF2/MPI032B2/MSEI MSEI VF2/MP1032B23
VFLS0/MPIO32B3/MSEQO MSEO VFLS0/MP1032B3*

TDI in JTAG mode, DSDI in BDM mode.
TDO in JTAG mode, DSDO in BDM mode.

1

2

3 Selected by the VF bit in the MIOS14TPCR.

4 Selected by the VFLS bit in the MIOS14TPCR.

Table 2-4. Full Port Only Mode Pads

Pad Name Functionality in Full Port Functionality when not in
Mode Full Port Mode

MPWMO/MDI1 MDI1 MPWMO
MPWM1/MDO2 MDO2 MPWM1
MPWM17/MDO3 MDO3 MPWM17
IRQO/SGPIOC0/MDO4 MDO4 IRQO/SGPIOCO
MPIO32B5/MDO5 MDO5 MP1032B5
MP1032B6 / MPWM4 /| MDO6 MDO6! MP1032B6/MPWM4
MPWM18/MDO6 MDO6! MPWM18
MPWM19/MDO7 MDO7 MPWM19

1 The MDOS bit in the PDMCR?2 register determines where the MDOS signal is available.
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2.3  Pad Module Configuration Register (PDMCR)

Bits in the PDMCR (which redes in the SIU memory mapdmtrol the slew rate and weak
pull-up/pull-down charaeristics of some signals; referAppendix F, “ElectricalCharacteristics The
PORESETTRST signal resets all the PDMCR bits asynchronously.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SLRC PRDS | SPRDS |T2CLK_PU PULL_DIS —
HRESET 0000_0000_0000_0000
Addr 0x2F C03C
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
HRESET 0000_0000_0000_0000

Figure 2-2. Pads Module Configuration Register (PDMCR)

Table 2-5contains bit descriptions for the PDMCR.
Table 2-5. PDMCR Field Descriptions

Bits Name Description

SLRCO controls the slew rate of signals on the following modules: TPU3, QADC64E, SGPIOA,
SGPIOD, SGPIOC. For the slew rate refer to Appendix F, “Electrical Characteristics.”

0 Slew rate controlled

1 Not slew rate controlled

SLRC1 controls the slew rate of signals on the following modules: QSPI, TouCAN_A, TouCAN_B.
For the slew rate refer to Appendix F, “Electrical Characteristics.”

0 Slew rate controlled

1 Not slew rate controlled

SLRC2 controls the slew rate of signals on the QSCI in QSMCM . For the slew rate refer to
Appendix F, “Electrical Characteristics.”

0 Slew rate controlled

1 Not slew rate controlled

SLRC3 controls the slew rate of signals on the following modules: MIOS14 except
MPWM2/PPM_TX1 and MPWM3 signal. For the slew rate refer to Appendix F, “Electrical
Characteristics.”

0 Slew rate controlled

1 Not slew rate controlled

SLRC4 controls the slew rate of the MIOS14 MPWM2 signal. For the slew rate refer to Appendix F,
“Electrical Characteristics.”

0 Slew rate controlled

1 Not slew rate controlled

SLRCS5 controls the slew rate of the MIOS14 MPWM3 signal. For the slew rate refer to Appendix F,
“Electrical Characteristics.”

0 Slew rate controlled

1 Not slew rate controlled

0:5 | SLRC[0:5]
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Table 2-5. PDMCR Field Descriptions (continued)

Bits

Name

Description

PRDS

Disables weak pull-up/pull down devices enabled at the assertion of PORESET/TRST or
HRESET.

Signals affected by the PRDS bit include the following:

« all SGPIO signals

 all TPU3 signals

0 Enable weak pull-up/pull down devices on pads controlled by this signal.

1 Disable weak pull-up/pull down devices on pads controlled by this signal.

Refer to Table 2-14 for more information on PRDS.

SPRDS

Disables weak pull-up/pull down devices enabled at the assertion of PORESET/TRST or
HRESET.

Signals affected by the SPRDS bit include the following: BDIP, TA, TS,
TSIz, BI/STS, BURST, TDI, TMS, JCOMP, TCK.

0 Enable weak pull-up/pull down devices on pads controlled by this signal.
1 Disable weak pull-up/pull down devices on pads controlled by this signal.
Refer to Table 2-14 for more information on SPRDS.

TEA, RD/WR, BR,

B

G, BB,

T2CLK_PU

Controls the pull-up on the TPU T2CLK signals.
0 Pull-ups are enabled if the T2CLK signals are defined as inputs
1 Pull-ups are disabled on the T2CLK signals

9:14

PULL_DIS

Disables weak pull up-or-down devices enabled at the assertion of PORESET/TRST or HRESET.

Signals affected by these bits include the following:

e PULL_DISO (bit 9): all MIOS14 input signals

e PULL_DIS1 (bit 10): all QSMCM input signals

e PULL_DIS2 (bit 11): all QADC64E input signals, except ETRIG1 and ETRIG2
e PULL_DIS3 (bit 12): all TouCAN input signals

e PULL_DIS4 (bit 13): Reserved

« PULL_DIS5 (bit 14): ETRIG1 and ETRIG2!

Enable weak pull-up/pull-down devices on pads controlled by this signal.

1 Disable weak pull-up/pull-down devices on pads controlled by this signal.

15-31

Reserved

1 This bit was RESERVED on the K27S mask set of MPC561.

2.4

Pad Module Configuration Register (PDMCR?2)

The PDMCR?2 controls alternate furmnality of signals shared betwedifferent modules, as well as the

pre-discharge circuigrto allow 5V friendliness on the data bus.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| PREDIS_ EN — TCNC  |MPI7|MPI8 |MPI9| — PPMPAD —
HRESET 0000_0000_0000_0000
Addr Ox2F C038
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| PPMV — MDO6 | MPI6 — PC |PCS|PCS|PCS|PCS| —
SV [4EN | 5EN | 6EN | 7EN
HRESET 0000_0000_0000_0000

Figure 2-3. Pads Module Configuration Register 2 (PDMCR?2)
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Table 2-6. PDMCR2 Field Description

Bits Name Description
0 PREDIS_ | Enable for the Pre-discharge circuit to allow 5 volt external devices on the external data bus.
EN 0 Bus pre-discharge disabled

1 Bus pre-discharge enabled

Note: This bit is reserved in 66-MHz implementations.

1:3 — Reserved

4:5 TCNC Controls the function on the following pads: TXD2/QGPO2/C_CNTXO0, RXD2/QGPI2/C_CNRXO,
MPIO32B11/C_CNRXO0, MPI032B12/C_CNTXO0. Refer to Table 2-7.

6 MPI7 Controls the pad MPIO32B7/MPWM5.
0 MPIO32B7 function will be selected.
1 MPWMS5 function will be selected.

7 MPI8 Controls the pad MPIO32B8/MPWM20.
0 MPIO32B8 function will be selected.
1 MPWM20 function will be selected.

8 MPI9 Controls the pad MPIO32B9/MPWM21.
0 MPIO32B9 function will be selected.
1 MPWM21 function will be selected.

11:13 PPMPAD | Control the PPM module pads: MPIO32B14/PPM_RX0, MPI032B15/PPM_TXO0,
MPWM2/PPM_TX1, MPWM3/PPM_RX1, MPIO32B10/PPM_TSYNC, MPIO32B13/PPM_TCLK.
Refer to Table 2-8.

14:15 — Reserved

16 PPMV Selects the voltage of the PPM pads.
0 The voltage will be 2.6 V.
1 The voltage will be 5 V.

17:19 — Reserved

20 MDO6 Selects the functionality of MDO6

0 The pad MPIO32B6/MPWM4/MDO6 will function as MDO6, and the pad MPWM18/MDO6 will
function as MPWM18.

1 The pad MPWM18/MDOG will function as MDOG, and the pad MP1032B6/MPWM4/MDO6 will
function according to MPIG6 bit.

This selection is enabled only if full port mode is implemented in the READI module, if full port

mode is not selected then MPWM18/MDOG6 will function as MPWM18, and

MPI032B6/MPWM4/MDO6 will function according to MPI6 bit.

NOTE: It is recommended to use MPI032B6/MPWM4/MDO6 for the Nexus port as MDOG6 is

enabled from reset.

21 MPI16 Controls the pad MPI032B6/MPWM4/MDO6.

0 MPIO32B6 function will be selected.

1 MPWMA4 function will be selected.

This bit will be disabled if full port mode is enabled in the READI module, and MDOG6 bit is logic ‘0’

22:24 — Reserved

25 PCSV Selects the polarity of QSMCM module QSPI PCS signals in the PCS expanded mode.
0 Selects Active High.
1 Selects Active Low.
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Table 2-6. PDMCR?2 Field Description (continued)

Signal Descriptions

Bits Name Description
26 | PCS4EN! |Controls the pad B_T2CLK/PCS4.
0 B_T2CLK function will be selected.
1 PCS4 function will be selected.
27 PCS5EN | Controls the pad A_T2CLK/PCS5.
0 A_T2CLK function will be selected.
1 PCSS5 function will be selected.
28 PCS6EN | Controls the pad ETRIG1/PCS6.
0 ETRIG1 function will be selected.
1 PCS6 function will be selected.
29 PCS7EN | Controls the pad ETRIG2/PCS7.
0 ETRIG2 function will be selected.
1 PCS7 function will be selected.
30:31 Reserved

1 Refer to Table 2-9 for information regarding enhanced PCS functionality.

Table 2-7. TCNC Pad Functionalities

TCNC TXD2/QGPO2/ RXD2/QGPI2/ MPI1032B11/ MP1032B12/
Values C_CNTXO0 C_CNRXO C_CNRXO C_CNTXO0
00 TXD2/QGPO2 RXD2/QGPI2 MPI1032B11 MP1032B12
x1 TXD2/QGPO2 RXD2/QGPI2 C_CNRXO C_CNTXO0
10 C_CNTXO0 C_CNRXO MP1032B11 MP1032B12
Table 2-8. PPMPAD Pad Functionalities
PPMPAD MPIO32B14/ MPIO32B15/ MPWM3/ MPWM2/ MPIO32B10/ MPIO32B1/
Values PPM_RXO PPM_TXO PPM_RX1 PPM_TX1 PPM_TSYNC PPM_TCLK
x00 MP1032B14 MP1032B15 MPWM3 MPWM2 MPIO32B10 MPIO32B13
001 MP1032B14 PPM_TXO0 MPWM3 MPWM2 PPM_TSYNC |PPM_TCLK
010 PPM_RXO0 MP1032B15 MPWM3 MPWM2 PPM_TSYNC |PPM_TCLK
011 PPM_RXO PPM_TXO MPWM3 MPWM2 PPM_TSYNC |PPM_TCLK
101 MP1032B14 PPM_TXO0 MPWM3 PPM_TX1 PPM_TSYNC |PPM_TCLK
110 PPM_RXO0 MP1032B15 PPM_RX1 MPWM2 PPM_TSYNC |PPM_TCLK
111 PPM_RXO0 PPM_TXO PPM_RX1 PPM_TX1 PPM_TSYNC |PPM_TCLK
Table 2-9. Enhanced PCS Functionality
PCS_IN[3:0] PCS_OUT[7:0] IF PCSV =0 PCS_OUT[7:0] IF PCSV = 1
0000 00000001 11111110
0001 00000010 11111101
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Table 2-9. Enhanced PCS Functionality (continued)

PCS_IN[3:0] PCS_OUT[7:0] IF PCSV =0 PCS_OUT[7:0] IF PCSV =1
0010 00000100 11111011
0011 00001000 11110111
0100 00010000 11101111
0101 00100000 11011111
0110 01000000 10111111
0111 10000000 01111111
1000 00000000 11111111
1001 RESERVED RESERVED
1010
1011
1100
1101
1110
1111

NOTE

PCS_IN[3:0] are driven from tt@SMCM module. PCS_OUT[7:0] values
are driven by the corresponding PCS[f{ls. If all of the PCS enable bits
PCS4EN, PCS5EN, PCS6EN and PCSHN are zero, PCS[3:0] will be
driven directly by the QSMCM module. ¢ine or more of these enable bits
is set, the enhanced PCS functiosatected, and the enabled pads drive
PCS_OUT]7:0] value, as shownTable 2-9

Table 2-10details the functionality of the A_ T2CLK/BB5 and B_T2CLK/PCS4 pads dependent on the
values of PDMCR2[PCS5EN], PDOR2[PCS4EN] and SHORT_ _REG [SH2CLK]. Also shown in this

table is the internal connection of the TPU sigmdien the enhanced chip select function is used.
Table 2-10. Enhanced PCS 4 & 5 Pad Function

PDMCR2 | PDMCR2 | SHORT REG | A_T2CLK/PCS5 | B_T2CLK/PCS4 A—Tz%ﬁ'r:ema' B—Tz%{j'gema'

[PCS5EN] | [PCS4EN] | [SH_T2CLK] | PAD Function | PAD Function —. —5
Connection Connection

0 0 0 A_T2CLK B_T2CLK A_T2CLK/PCS5 | B_T2CLK/PCS4
Pad Pad

0 0 1 A_T2CLK B_T2CLK A _T2CLK/PCS5 | A_T2CLK/PCS5
Pad Pad

0 1 0 A_T2CLK PCS4 A_T2CLK/PCS5 | B_T2CLK Signal

Pad driven HI internally

MPC561/MPC563 Reference Manual, Rev. 1.2

2-26

Freescale Semiconductor




Table 2-10. Enhanced PCS 4 & 5 Pad Function

Signal Descriptions

PDMCR2 | PDMCR2 | SHORT REG | A_T2CLK/PCS5 | B_T2CLK/PCS4 A—TZ%E 'r:ema' B—TZCT:'F‘,E 'rgema'
[PCS5EN] | [PCS4EN] | [SH_T2CLK] | PAD Function | PAD Function — . — -
Connection Connection
0 1 1 A _T2CLK PCS4 A_T2CLK/PCS5 A_T2CLK/PCS5
Pad Pad
1 0 0 PCS5 B_T2CLK A_T2CLK Signal B_T2CLK/PCS4
driven Hl internally Pad
1 0 1 PCS5 B_T2CLK A_T2CLK Signal B_T2CLK Signal
driven Hl internally | driven HI internally
by connection to
A_T2CLK
1 1 0 PCS5 PCs4 A_T2CLK Signal B_T2CLK Signal
driven Hl internally | driven HI internally
1 1 1 PCS5 PCS4 A_T2CLK Signal B_T2CLK Signal
driven Hl internally | driven Hl internally
by connection to
A_T2CLK

1. If PCS4/5EN = 1 then A/B_T2CLK into the module is pulled up internally (enabling Div/8 clock, in gate mode).
2. If only PCS4EN=1, then A_T2CLK can be driven into B_T2CLK if PPM_SHORT[SH_T2CLK] is set.
3. If only PCS5EN=1 then A_T2CLK will be pulled up, if PPM_SHORT[SH_T2CLK] is set, then, B_T2CLK will be high

regardless of pin state.
All of this is regardless of the Pull up/down state.

Note: The PPM shorting function has higher priority logic. If shorting is selected, then A_T2CLK o B_T2CLK. If A_T2CLK
is selected as PCS then both A_T2CLK and B_T2CLK will be high regardless of B_T2CLK/PCS4 Pad state.

Table 2-11details the functionality dhe ETRIG1/PCS6 and ETRIG2/PCRads dependent on the values
of PDMCR2[PCS6EN], PDMCR2[PCS7EN], SHODRREG [SH_ET1] and SHORT_REG [SH_ET2].
Also shown in this table is the internal connectidthe ETRIG signals when the enhanced chip select
function is used.
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2.5 MPC561/MPC563 Development Support Signal Sharing
Table 2-11. Enhanced PCS 6 & 7 Pad Function
PDMCR2 | PDMCR2 | PULL_ SI—;{%IZT_ S'EOEZT— ETRIG1/PCS6 | ETRIG2/PCS7 Pad IIE;S:S; :?‘Ieerr?azl
[PCS6EN] [[PCS7EN]| DIS5 [SH_ET1] | [SH_ET2] PAD Function | PAD Function | Pull-up connection | connection
0 0 0 0 0 ETRIG1 ETRIG2 Enabled ETRIG1 ETRIG2
0 0 0 1 1 ETRIG1 ETRIG2 Enabled | A_TPUCH15 | B_TPUCH15
0 0 1 0 0 ETRIG1 ETRIG2 Disabled ETRIG1 ETRIG2
0 0 1 1 1 ETRIG1 ETRIG2 Disabled | A_TPUCH15 | B_TPUCH15
0 1 0 0 0 ETRIG1 PCS7 Enabled ETRIG1 PCS7
0 1 0 1 1 ETRIG1 PCS7 Enabled | A_ TPUCH15 | B_TPUCH15
0 1 1 0 0 ETRIG1 PCS7 Disabled ETRIG1 PCS7
0 1 1 1 1 ETRIG1 PCS7 Disabled | A_TPUCH15 | B_TPUCH15
1 0 0 0 0 PCS6 ETRIG2 Enabled PCS6 ETRIG2
1 0 0 1 1 PCS6 ETRIG2 Enabled | A_ TPUCH15 | B_TPUCH15
1 0 1 0 0 PCS6 ETRIG2 Disabled PCS6 ETRIG2
1 0 1 1 1 PCS6 ETRIG2 Disabled | A_TPUCH15 | B_TPUCH15
1 1 0 0 0 PCS6 PCS7 Enabled PCS6 PCS7
1 1 0 1 1 PCS6 PCS7 Enabled | A_TPUCH15 | B_TPUCH15
1 1 1 0 0 PCS6 PCS7 Disabled PCS6 PCS7
1 1 1 1 1 PCS6 PCS7 Disabled | A_TPUCH15 | B_TPUCH15

On the MPC561/MPC563, the JTAG, BDand READI (Nexus interface)gials are all shared. Only one
set of signals can be active at a tifable 2-12shows the shared functions in the different modes.

Table 2-12. MPC561/MPC563 Development Support Shared Signals

Signal' Direction JTAG BDM READI
JCOMP/RSTI Input JCOMP 0 RSTI
TCK/DSCK/MCKI Input TCK DSCK MCKI
TDI/DSDI/MDIO Input TDI DSDI MDIO
TDO/DSDO/MDOO0 Output TDO DSDO MDOO
TMS/EVTI Input ™S — EVTI

10nly one set of signals are enabled at a time.
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Table 2-13. MPC561/MPC563 Mode Selection Options

Signal State When Sampled Affect
BDM Mode
DSCK High SRESET negation BDM mode enabled
Low SRESET negation BDM mode disabled
DSDI High 8 clocks after SRESET Synchronous mode
Low 8 clocks after SRESET Asynchronous mode

Nexus Configuration

EVTI High RSTI negation READI module Disabled
Low RSTI negation READI module Enabled

MDIO High EVTI negation Full Port mode
Low EVTI negation Reduced port mode

JTAG Selection

JCOMP Low PORESET Nexus or BDM allowed

High PORESET JTAG Mode Selected

251 JTAG Mode Selection

The MPC561/MPC563 has five JTAG sags The test data input (TDAnd test data output (TDO) scan
ports are used to scan instructions as well asitatéthe various@an registers for JTAG operations. The
scan operation is controlled by thettaccess port (TAP) controller, whichturn is controlled by the test
mode select (TMS) input sequencee®tan data is latched at th&ng edge of the test clock (TCK).

On the MPC561/MPC563, JTAG is used for boundary scan only. There is no access to internal
MPC561/MPC563 circuitry. When JTAG mode is dedbthe READI module will be held inactive. See
Figure 2-4for JTAG mode selection.
JTAG is entered by the following sequence of events:

» Assert PORESETRSTto reset the JTAG TAP controller

* Hold JCOMP/RSThigh prior to PORESETRST negation and keep higts long as JTAG mode
is required

(The READI module will be helthactive since only one of timeultiplexed functions JCOMP and
RSTI can be asserted at the negation of POREBESTT).

JTAG mode is exited by:
» Drive JCOMP/RSTIlow.

NOTE

PORESETTRSTand analog signals ANx, EXTAL, XTAL, and
TDI/TDO/TMS/TCK are not in the JTAG scan path.

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 2-29



Signal Descriptions

PORESET/TRST

JCOMP/RSTI

JTAG Config JTAG On JTAG Disabled
Figure 2-4. Debug Mode Selection (JTAG)

2.5.2 BDM Mode Selection
The MPC561/MPC563 has a 10 pin BDM port. Segire 2-5for BDM mode selection.

The BDM mode is entered by tha@lowing sequence of events:
* Hold DSCK high at reset negation (SRESJET
» Configure DSDI to select BDM clock mde, within 8 clocks of reset negation

BDM mode is exited by:
* Reset the device sserting PORESETRST or HRESET

SRESET
DSCK
DSDI ><
scompreTt | oW
™vsievr | (ow)
» 1
BDM Enable Configure BDM BDM On

Enable Nexus Nexus Off
Figure 2-5. Debug Mode Selection (BDM)

2.5.3 Nexus Mode Selection

The READI module signals suppdine Nexus (IEEE-ISTO 5001-1999)4liary port interface for debug.
There are two modes available: full port mode axddceed port mode. Reduced porode allows for a 1
bit input stream and a 2 lmutput stream. Full port mode allows #2-bit input strearand an 8-bit output
stream. If MDIO is held high whelexus mode is enabled, full ponbde will be used during Nexus
debug. If MDIO is held low wheNexus mode is enabled, redugemt mode willbe used. Seeigure 2-6
for Nexus mode selection.

The Nexus interface is entered by the following sequence of events:

* Hold JCOMP/RSTIlow while negating PORESETRST

* Hold TMS/EVTI low to enable Nexus mode and config TDI/DSDI/MDIO for full or reduced
port mode. Both of these should be donkeast 4 clocks before driving JCOMP/RSiigh

MPC561/MPC563 Reference Manual, Rev. 1.2

2-30 Freescale Semiconductor



Signal Descriptions

e Drive JCOMP/RSThigh

Nexus mode is exited by:
« Hold JCOMP/RSTlow to reset Nexus port
« Hold TMS/EVTI high to disable Nexus mode at ledslocks before driving JCOMP/RSHigh
« Drive JCOMP/RSThigh

PORESET/TRST

JCOMP/RSTI

TMS/EVTI

MDIO

T

Enable and Nexus On Nexus Off
Configure Nexus

Figure 2-6. Debug Mode Selection (Nexus)

2.6 Reset State

During reset, a 130-pA (maximum) resistor “weaglylls” all input signals, with the exception of the
power-supply and clock-related signalsatealue based on conditions describedppendix F,
“Electrical CharacteristickIn reset state, all /0O signaletome inputs, and all outputs (except for
CLKOUT, HRESET and SRESEJTare pulled only by the pull-up/pull-down.

2.6.1 Signal Functionality Configuration Out of Reset

The reset configuration word (RCW) defines the posetr&unctionality of some multiplexed signals. For
details on these signals and how they are cordajuefer to Section 7.5.2, “Hard Reset Configuration
Word.”

The 2.6-V bus related signdilave selectable output lbeif drive strengths thatecontrolled by the COMO
bit in the USIU’s system clock and reset cohtegister (SCCR). The control is as follows:

0 = 2.6-V bus signals full drive (50-pF load)

1 = 2.6-V bus signals reduced drive (25-pF load)

2.6.2 Signal State During Reset

While HRESETis asserted, the reset-configuration valuatshed from the data burgto various bits on
the part. The function of many signdispends upon the value latchedh# value on the data bus changes,
then the function of various signals yre&lso change. This is especiallyerif the reset configuration word
(RCW) comes from the Flash, because the Flash doesimethe RCW until 256 clde after the start of
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HRESET However, the signals must reguse any spurious conditiomsconsume an excessive amount
of power during reset. To prevehese conditions, the signals needave a defined reset state.
Table 2-14describes the reset state of thgnals based on signal functionality.

All signals are initialized to a “res$ state” during reset. This statenans active until reset is negated or
until software disables the pull-iv pull-down device based on thignal functionality. Upon assertion
of the corresponding bits in the signal control regsand negation of reset, the signal acquires the
functionality thatwas programmed.

2.6.3 Power-On Reset and Hard Reset

Power-on reset and hard reset affect the functionalitigeoignals out of reset. (During soft reset, the
functionality of thesignals is unaltered.)

Upon assertion of the powen reset signal (PORESHIRST) the functionality of the signal is not yet
known to the RCPU. The weak pull-up or weak pull-daesistors are enablebhe reset configuration
word configures the system, and towards theandset the signal funatnality is known. Based upon
the signal functionality, the pull-up or pull-down deviegs either disabled immediately at the negation
of reset or remain enabled, as showiable 2-14

Because hard reset can occur when a bus cyptniing, the PDMCR bits that enable and disable the
pull-up or pull-down resistors aget or reset synchronously tan@hate contention on the signals.
(PORESETTRST affects these bits asynchronously.)

2.6.4 Pull-Up/Pull-Down

2.64.1 Pull-Up/Pull-Down Enable and Disable for 5-V Only and 2.6-V Only
Signals

The pull resistors are enald and disabled by the mesponding bits in the PDER register in the USIU
(seeTable 2-14. When those bits are negaigogic 0), the pull resistors@aenabled. When asserted (logic
1), the devices are disabled.

2.6.4.2 Pull-Down Enable and Disable for 5-V/2.6-V Multiplexed Signals

The 5-V/2.6-V multiplexed pad does not have a pulliapice. The pull-down will be controlled by the
corresponding bits in the PDMCR register. Whas Hit is negated, the gedown is enabled, when
asserted the pull-down will be disabled.

NOTE

All pull-up/pull-down devices are disabl&hen all the signals are forced
to three state in JTAG mode.

2.6.4.3 Special Pull Resistor Disable Control Functionality (SPRDS)

For the signals that support debug, opdoadeking, and bus control functiditg, the pull resistors will be
controlled by the SPRDS bit in tiRDMCR register. During reset trsgnal will be synchronously used
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to enable the pull resistors in thads. On negation of reset, baseduhich functionality is selected for
the signals, this signal is set to disable the pull resistoris continued to be held in its reset state to
indicate that the pulls adisabled only when the output driver is enabled.

2.6.4.4 Pull Device Select (PULL_SEL)

The MIOS14 and the TPU signals haetectable pull-up or pull-down dees. The devices are controlled
by the PULL_SEL signal. A high on the PULL_SEQsal enables pull-up devices on the MIOS14 and
TPU signals. A low enables pull-dovdevices. Note that the pull devices can be disabled by the
PULL_DISO (MIOS14) and PRDS (TPWjts in the PDMCR register. S&ection 2.3, “Pad Module
Configuration Rgister (PDMCRY’

2.6.5 Signal Reset States

Table 2-14summarizes the reset statesalbiignals on the MPC561/MPCB6Note that PD refers to a
weak pull-down, PU2.6 refers to a weak pull-up to 2.&ndg PUS refers to a weak pull-up to 5 V. All
control of the weak-pull devices is in thedpaodule configuration register, describedable 2-5

NOTE

2.6-V inputs are 5-V tolerant, but 2\6eutputs are not. Do not connect
2.6-V outputs to a driver quull-up greater than 3.1 V.

NOTE

Depending on the application, pinsyraquire a pull-down resistor to
avoid getting any command due to noise.
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Table 2-14. MPC561/MPC563 Signal Reset State

Slew Rate Drive Hysteresi . e
Signal List! Voltage |Controlled| Load Reset State s Fun%r/%SET,
Option? (PF)? Enabled?
usiu
ADDR[8:31]3/ 26V No 50;25 |[PD until reset No Controlled by SC bit in the
negates?, © reset config word. See
5 - Table 6-10.
SGPIOA[8:31] 5V Yes 50 ; 50° | PD until PRDS No
is set
DATA[0:31]%/ 26V No 50; 25 |PD until reset No Controlled by SC bit in the
negates® reset config word. See
5 - Table 6-10.
SGPIOD[0:31] 5V Yes 50:50 PD until PRDS No
is set
IRQO/ 26V No NA PU2.6 until Yes MDO4 if the Nexus (READI)
. : PRDS is set® port is enabled, IRQO
SGPIOCO" / 26V No 50:25 Yes otherwise. See Section 2.5.
MDO4 7 26V No 50; 25 Yes
IRQ1/ 2.6V No NA PD until reset Yes IRQ1
negates & 8
RSV / 2.6V No 50; 25 |PD until reset Yes
negates ©
sGplOC1 3 5V Yes 50 ;50 ° |PD until PRDS Yes
is set
IRQ2/ 26V No NA PD until reset Yes IRQ2
negates & 8
CR/ 26V No NA PD until reset No
negates & 8
SGPIOC2 3/ 5V Yes 50;50° | PD until PRDS No
is set
MTS® 2.6V No 50; 25 |PD until reset No
negates ©
IRQ3/ 26V No NA PD until reset Yes IRQ3
negates & 8
KR/ 26V No 50 ;25 |PD when driver No
not enabled *
RETRY/ 26V No 50; 25 |PD when driver No
not enabled #
SGPIOC3 3 5V Yes 50 ;50 ° | PD until PRDS No
is set

MPC561/MPC563 Reference Manual, Rev. 1.2

2-34

Freescale Semiconductor



Signal Descriptions

Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi
Signal List! Voltage |Controlled| Load Reset State s
Option? (pF)? Enabled?

Function After HRESET,
PORESET/TRST

IRQ4 / 26V No NA PD until reset Yes IRQ4
negates & 8

AT2/ 26V No 50; 25 |PD until reset No
negates & 8

SGPIOC4 3 5V Yes 50:50° |PD until PRDS Yes
is set

IRQ510/ 26V No NA PU2.6 until reset Yes MODCK1 until reset negates,
negates then IRQ5

SGPIOC5 7/ 2.6V No 50;25 |PU2.6 until No
PRDS is set

MODCK111 26V No NA PU2.6V until No
reset negates

IRQ[6:7] 19/ 2.6V No NA PU2.6 until Yes MODCK[2:3] until reset
SPRDS is set negates, then IRQ[6:7]

MODCK[2:3] 1| 2.6V No NA | PU2.6untilreset No
negates

PULL_SEL 5V No NA PU5, external No PULL_SEL
pull device
required

TSIZ[0:1] 7 26V No 50;25 |PD when driver No TSIZ[0:1]
not enabled or
until SPRDS is
set

RD/WR 7 2.6V No 50:25 |PU2.6 when No RD/WR
driver not
enabled or until
SPRDS is set

BURST 26V No 50;25 |PU2.6 when No BURST
driver not
enabled or until
SPRDS is set

BDIP’ 2.6V No 50:25 |PU2.6 when No BDIP
driver not
enabled or until
SPRDS is set

TS 7112 26V No 50:25 |PU2.6 when No TS
driver not
enabled or until
SPRDS is set
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . e
Signal List! Voltage |Controlled| Load Reset State s Fun%r/%SET,
Option? (pF)? Enabled?
TA 12 2.6V No 50 ;25 |PU2.6 when No TA
driver not
enabled or until
SPRDS is set
TEA 12 26V No 50 ;25 |PU2.6 when No TEA
driver not
enabled or until
SPRDS is set
OE’ 26V No 50 ;25 |PU2.6untilreset No OE
negates
RSTCONF/ 26V No N/A PU2.6 when No RSTCONF until reset
driver not negates.
7,11 - enabled or until
TEXP 26V No 50;25 SPRDS is set No
BI 1% 26V No 50 ;25 |PU2.6 when No Controlled by DBGC in the
E— - driver not reset configuration word.
STS 2.6V No 50:25 | enabled or until No See Table 6-8.
SPRDS is set.
CS[0:3] / 2.6V No 50:25 |PU2.6untilreset No CSJ[0:3]
negates
WE[0:3] 7/ 2.6V No 50;25 |PU2.6 when No Controlled by bit ATWC (bit
— 7 - driver not 12) of the reset configuration
BE[0:3] '/ 2.6V No 5025 enabled or until No word. See Table 6-8.
AT[0:3] 7 26V No 50;25 |SPRDSIs set No
System Control
PORESET/ 26V No NA External pull-up Yes PORESET/TRST
S—— required
TRST 26V No NA Yes
HRESET %12 | 26 V13 No 50 ;25 |PU2.6 when Yes HRESET
driver not
enabled or until
SPRDS is set
External pull-up
required
SRESET 112 | 26V13 No 50 ;25 |PU2.6 when Yes SRESET
driver not
enabled or until
SPRDS is set
External pull-up
required

Development and Debug
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . e
Signal List! Voltage |Controlled| Load Reset State s Fun%r/%SET,
Option? (pF)? Enabled?
SGPIOC6 3/ 5V Yes 50;50° | PD until PRDS No PTR
is set
FRZz/ 26V No 50 ;25 |[PD until reset No
negates
PTR 2.6V No 50; 25 |PD until reset No
negates
SGPIOCT7 ¥/ 5V Yes 50 ;50 ° |PD until PRDS Yes LWPO
is set
IRQOUT / 2.6V No 50; 25 |PD until reset No
negates ©
LWPO 26V No 50; 25 |PD until reset No
negates &
BG 7/ 2.6V No 50 ;25 |PU2.6 when No Controlled by DBGC in reset
7 - driver not config word. See Table 6-8.
VFO ‘/ 26V No 50:25 | anabled or until No
LWP1 7 26V No 50;25 |SPRDSIsset No
BR 7/ 26V No 50;25 |PU2.6 when No Controlled by DBGC in reset
7 - driver not config word. See Table 6-8.
VF1 '/ 26V No 50; 25 enabled or until No
IWP2 7 26V No 50;25 |SPRDSIsset No
BB " 1% 26V No 50;25 |PU2.6 when No Controlled by DBGC in reset
7 - driver not config word. See Table 6-8.
VF2 '/ 26V No 50; 25 enabled or until No
IWP3 7 26V No 50;25 |SPRDSIs set No
IWP[0:1] 7/ 26V No 50; 25 |PU2.6untilreset No Controlled by DBGC in the
I - negates reset config word. See
VFLS[0:1] 26V No 50; 25 No Table 6-8.
JTAG/BDM/READI
TMS / 26V No NA PU2.6 ifin ITAG No TMS unless the Nexus
_ mode, otherwise (READI) port is enabled, then
EVTI 26V No NA" 1 PD until SPRDS No | EVTI. See Section 2.5.
is set!4
TDI/ 26V No NA PU2.6ifin JTAG No DSDI unless the Nexus
mode, otherwise (READI) port (MDIO) or JTAG
DSDI/ 26V No NA PD until SPRDS No mode (TDI) is enabled. See
MDIO 26V No NA is set & No Section 2.5.
TCK/ 26V No NA PD until reset Yes DSCK unless the Nexus
negates 6 (READI) port (MCKI) or JTAG
DSCK/ 26V No NA Yes mode (TCK) is enabled. See
MCKI 2.6V No NA Yes |Section2.5.
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . e
Signal List! Voltage |Controlled| Load Reset State s Fun%r/%SET,
Option? (pF)? Enabled?
TDO 7/ 26V No 50; 25 |PU2.6untilreset No DSDO unless the Nexus
7 - negates or the (READI) port (MDOO) or
DSDO °/ 26V No 50325 | driver is enabled No JTAG mode (TDO) is enabled.
MDOO 7 2.6V No 50 ; 25 No See Section 2.5.
JCOMP / 26V No NA PD until SPRDS No See Section 2.5.
___ is set
RSTI 26V No NA No
Clocks and PLL
XTAL 11 26V NA;NA | NA;NA — NA XTAL
EXTAL 11 26V NA;NA | NA;NA — NA EXTAL
XFC 26V NA ; NA NA ; NA — NA XFC
CLKOUT”? 26V No 90; 50; — No CLKOUT
2515
EXTCLK 11 26V NA;NA | NA;NA — No EXTCLK
ENGCLK 3/ |2.6V/5V| NA i NA NA ; NA — No ENGCLK (2.6 V)
BUCLK 2.6V NA ; NA NA ; NA — No
QSMCM
PCSO0/ 5V Yes 50;50 |PUS5 until No QGPOO
__ PULL_DIS1 is
SS/ 5V Yes 50; 50 set No
QGPIOO0 5V Yes 50 ;50 No
PCS[1:3)/ 5V Yes 50 ;50 |PUS5 until No QGPIO[1:3]
PULL_DIS1 is
QGPIO[1:3] 5V Yes 50:;50 |gor No
MISO / 5V Yes 200;50° | PU5 until No QGPIO4
5 PULL_DIS1 is
QGPIO4 5V Yes 200;50 set No
MOSI/ 5V Yes 200; 50 51 pUs until No QGPIO5
5 PULL DIS1is
QGPIOS 5V Yes 200;50 set No
SCK / 5V Yes 200;50° | PUS until No QGPIO6
5 PULL_DIS1 is
QGPIO6 5V Yes 200;50°7 | oot No
TXD1/ 5V Yes 50 ;50 |PUS5 until No QGPO1
PULL DIS1is
QGPO1 5V Yes 50;50 |got No
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . e
Signal List! Voltage |Controlled| Load Reset State s Fun%r/%SET,
Option? (pF)? Enabled?
TXD2/ 5V Yes 50 ;50 |PUS5 until No QGPO2
PULL DIS1is
QGPO2/ 5V Yes 50;50 |got No
C_CNTXO0 5V Yes 50 ; 50 No
RXD1/ 5V NA NA Must be driven No QGPI1
or connected to
QGPI1 5V NA NA a pull device No
RXD2/ 5V NA NA Must be driven No QGPI2
or connected to
QGPI2/ 5V NA NA a pull device No
C_CNRXO0 5V NA NA No
MIOS14
MDA[11:15, 5V Yes 50 ;50 |Pull device Yes MDA[11:15,27:31]
27:31] enabled until
PULL_DISO is
setl6
MPWMO / 5V Yes 50 ;50 [Pull device Yes MPWMO unless the Nexus
enabled until (READI) port is enabled, then
MDI1 2.6V No NA  |puLL DISOis Yes | MDI1. See Section 2.5.
set 16
MPWM?1 3/ 5V Yes 50 ;50 |Pull device Yes MPWML1 unless the Nexus
- enabled until (READI) portis enabled, then
MDO2 26V No 50:25 |pyLL_DpISOis No | MDO2. See Section 2.5.
set 16
MPWM23 / 5V Yes 50 ; 50 |Pull device Yes MPWM2
enabled until
26V No 50;25 PULL DISO is No
; set 16
PPM_TX1 5V Yes 50; 25 No
MPWM3/ 5V Yes 50 ;50 [Pull device Yes MPWM3
enabled until
PPM_RX1 26V No NA PULL DISO is Yes
set 16
MPWM16 5V Yes 50 ;50 |Pull device Yes MPWM16
enabled until
PULL_DISO is
set 16
MPWM173 / 5V Yes 50 ; 50 |Pull device Yes MPWM17 unless the Nexus
- enabled until (READI) port is enabled. See
MDO3 2.6V No 50025 |pyLL DISOis No | section 2.5.
set 16
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . e
Signal List! Voltage |Controlled| Load Reset State s Fun%r/%SET,
Option? (pF)? Enabled?
MPWM[18:19]3 5V Yes 50 ;50 |Pull device Yes MPWM[18:19]
/ enabled until
PULL_DISO is
MDO[6:7] 26V No 50;25 |gqtl6 No
MPIO32B03/ 5V Yes 50 ;50 5 | pull device Yes MPIO32B0 unless the Nexus
- enabled until (READI) port is enabled, then
VFO/ 26V No 50:25 |pyLL pISOis No | MDO1. See Section 2.5.
16
MDO1 26V No 50;25 |set No
MPIO32B13/ 5V Yes 50 ;50 5 | pull device Yes MPIO32B1 unless the Nexus
- enabled until (READI) port is enabled, then
VF1/ 26V No 50:25 |pyLL pIsois No | McKO. See Section 2.5.
16
MCKO 26V No 50;25 |Set No
MPIO32B23/ 5V Yes 50 ;50 5 | pull device Yes MPIO32B2 unless the Nexus
- enabled until (READI) port is enabled, then
VF21 26V No 50:25 |pyLL pIsois NO  |\SEI See Section 2.5.
16
MSEI 2.6V No N/A  |Set Yes
MPIO32B33/ 5V Yes 50 ;50 ° |Pull device Yes MPIO32B3 unless the Nexus
enabled until (READI) port is enabled, then
VFLSO/ 26V No 50;25 |PULL_DISOis No MSEO. See Section 2.5.
- 16
MSEO 2.6V No 50;25 |5t No
MPIO32B43/ 5V Yes 50 ;50 ° |Pull device Yes MPIO32B4
enabled until
VFLS1 26V No 50; 25 PULL_DISO is No
set!6
MPIO32B53/ 5V Yes 50 ;50 ° | Pull device Yes MPIO32B5 unless the Nexus
- enabled until (READI) portis enabled, then
MDO5 26V No 50:25 |pyLL DISOis No | MDOS. See Section 2.5.
set 16
MPIO32B63 / 5V Yes 50 ;50 5 | pull device Yes MPIO32B6 unless the Nexus
- enabled until (READI) port is enabled, then
MPWM4 / SV Yes 50:50 | pyLL pISOis Yes | MDO6. See Section 2.5.
16
MDOB6 26V Yes 50;25 |Set No
MPIO32BJ[7:9] / 5V Yes 50 ;50 ° | Pull device Yes MPIO32BJ[7:9]
enabled until
MPWM[S, 5V Yes 50 ;50 PULL_DISO is Yes
20:21] set 16
MPIO32B10%/ 5V Yes 50 ;50 ° | Pull device Yes MPI032B10
enabled until
PPM_TSYNC 26V No 50; 25 PULL_DISO is N
16 o]
5V Yes 50;50 |Set
MPI032B11 / 5V Yes 50 ;50 |PUS5 until Yes MPI032B11
PULL_DISO is
C_CNRXO0 5V Yes NA set No
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . e
Signal List! Voltage |Controlled| Load Reset State s Fun%r/%SET,
Option? (pF)? Enabled?
MP1032B12 / 5V Yes 50;50° | PU5 until Yes MPI1032B12
PULL_DISO is
C_CNTXO0 5V Yes 5050 |got No
MPIO32B133/ 5V Yes 50 ; 50 ® | Pull device Yes MPI032B13
enabled until
PPM_TCLK 26V No 50; 25 PULL_DISO is No
16
5V Yes 50;50 |Set No
MPI1032B14 / 5V Yes 50 ;50 ® | Pull device Yes MPI1032B14
enabled until
PPM_RXO0 26V No NA PULL_DISO is Yes
16
5V No NA |set Yes
MPIO32B15%/ 5V Yes 50 ;50 ® | Pull device Yes MPI032B15
- enabled until
PPM_TX0 2.6V No 50525 |pyLL pISOis No
16
5V Yes 50;50 |Set No
TPU_A/TPU_B
A_TPUCH]J0:15 5V Yes 50 ;50 ® | Pull device Yes A_TPUCHJ[0:15]
enabled unti
] bled until
PRDS is set 16
A T2CLK/ 5V Yes 50;50 |PU5whendriver Yes A T2CLK
not enabled or
PCS5 5V Yes 50:50 | nil T2CLK_PU No
is set
B_TPUCH[0:15 5V Yes 50 ;50 ° | Pull device Yes B_TPUCH][0:15]
enabled unti
] bled until
PRDS is set 16
B T2CLK/ 5V Yes 50; 50 |PU5whendriver Yes B _T2CLK
not enabled or
PCs4 5V Yes 5050 | il T2CLK_PU No
is set
QADCG64E_A / QADC64E_B
ETRIG[1:2] / 5V Yes N/A PD until Yes ETRIG[1:2]
PULL_DIS5 is
set
PCS[6:7] 5V Yes 50 ;50 [PUS5 until Yes
PULL_DIS1 is
set
A_ANO/ 5V Yes NA PU5 when driver No A_ANO
not enabled or
A_ANw / 5V Yes NA until No
A_PQBO 5V Yes | 50;50° PL:'—'-_D'S2 Is Yes
se
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . e
Signal List! Voltage |Controlled| Load Reset State s Fun%r/%SET,
Option? (pF)? Enabled?
A_AN1/ 5V Yes NA PUS5 when driver No A_AN1
not enabled or
A_ANx/ 5V Yes NA until No
A_PQB1 5V Yes | 50;50% |PULL_DIS2is Yes
set
A AN2/ 5V Yes NA PUS5 when driver No A _AN2
not enabled or
A_ANy/ 5V Yes NA until No
A_PQB2 5V Yes | 50;50°% |PULL_DIS2is Yes
set
A_AN3/ 5V Yes NA PUS5 when driver No A_AN3
not enabled or
A_ANz/ 5V Yes NA until No
A_PQB3 5V Yes 50;50° |PULL_DISZis Yes
set
A_ANI[48:51]/ 5V Yes NA PU5 when driver No A_AN[48:51]
not enabled or
A_PQB[4:7] 5V Yes 50;50° | ,niil Yes
PULL_DIS2 is
set
A_AN[52:54] / 5V Yes NA PUS5 when driver No A_ANI[52:54]
not enabled or
A_MAJ[0:2] / 5V Yes NA until Yes
A_PQA[0:2] 5V Yes | 50;50% |PULL DISZis Yes
set
A_ANI[55:59]/ 5V Yes NA PUS5 when driver No A_ANI[55:59]
not enabled or
A_PQA[3:7] 5V Yes 50 ;50 ° until Yes
PULL_DIS2 is
set
B_ANO/ 5V Yes NA PUS5 when driver No B_ANO
not enabled or
B_ANw/ 5V Yes NA until No
B_PQBO 5V Yes | 50;50°% |PULL_DISZis Yes
set
B_AN1/ 5V Yes NA PUS5 when driver No B_AN1
not enabled or
B_ANXx/ 5V Yes NA until No
B_PQB1 5V Yes | 50;50°% |PULL_DIS2is Yes
set
B_AN2/ 5V Yes NA PUS5 when driver No B_AN2
not enabled or
B_ANy/ 5V Yes NA until No
B_PQB2 5V Yes 50;505 |PULL_DIS2is Yes
set
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Slew Rate Drive Hysteresi . e
Signal List! Voltage |Controlled| Load Reset State s Fun%r/%SET,
Option? (pF)? Enabled?
B_AN3/ 5V Yes NA PUS5 when driver No B_AN3
not enabled or
B_ANz/ 5V Yes NA until No
B_PQB3 5V Yes | 50;50% |PULL_DIS2is Yes
set
B_ANI[48:51]/ 5V Yes NA PUS5 when driver No B_ANI[48:51]
5| hot enabled or
B_PQB[4:7] 5V Yes 50550 | ntil Yes
PULL_DIS2 is
set
B_AN[52:54]/ 5V Yes NA PUS5 when driver No B_AN[52:54]
not enabled or
B_MA[0:2)/ 5V Yes NA until Yes
B_PQA[0:2] 5V Yes 50 ;50° |PULL_DISZis Yes
set
B_AN[55:59]/ 5V Yes NA PU5 when driver No B_AN[55:59]
5| hot enabled or
B_PQA[3:7] 5V Yes 50307 | yntil Yes
PULL_DIS2 is
set
TouCAN_A / TouCAN_B
A_CNTXO 5V Yes 50 ; 50 X7 | PU5 until No A_CNTX0
PULL_DIS3 is
set
B_CNTXO 5V Yes 50 ;5017 | PU5 until No B_CNTXO
PULL_DIS3 is
set
A_CNRXO 5V No NA PUS until Yes A_CNRXO
PULL_DIS3is
set
B_CNRXO 5V No NA PUS until Yes B_CNRXO
PULL_DIS3 is
set
UC3F Flash
EPEE® 26V No —  |PU26 No EPEE
BOEPEE!8 26V No —  |PU26 No BOEPEE
UC3F Power Supplies
VFLASH 18 5V — — — — VFLASH
VDDF 18 26V — — — — VDDF
VSSF 18 oV — — — — VSSF
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Table 2-14. MPC561/MPC563 Signal Reset State (continued)

Signal List! Voltage CS:(I)erYic/rsﬁéz |E(f)|;/§ Reset State HySt:FESI Function After HRESET,
Option? (pF)? Enabled? PORESET/TRST
Global Power Supplies
NVDDL 26V — — — — NVDDL
VDDH 5V — — — — VDDH
VDD 26V — — — — VDDI
VSS ov — — — — VSS
KAPWR 11 26V — — — — KAPWR
IRAMSTBY!® | 26V — — — — IRAMSTBY
QVvDDL 26V — — — — QVvDDL
USIU Power Supplies
VDDSYN 26V — — — — VDDSYN
VSSSYN 26V — — — — VSSSYN
QADCG64E Power Supplies
VRH 5V — — — — VRH
VRL oV — — — — VRL
ALTREF 5V — — — — ALTREF
VDDA 5V — — — — VDDA
VSSA ov — — — — VSSA

This column contains only the list of signals and should not be confused with the actual pin name. For actual pin
names, see Appendix F, “Electrical Characteristics.”

2 For5-V outputs, the left hand value represents slew rate control off, and the right hand value represents slew rate
control on. For 2.6-V outputs, the left hand value represents loads that are full drive, and the right hand value
represents loads that are half drive.

3 Care should be taken that neither a pull-up to greater than 3.1 V or an external output that can drive greater than
3.1V is connected to this pin while the 2.6-V driver is enabled.

4 Pull-up/pull-down is active when pin is defined as an input and/or during reset, therefore, output enable is negated.
This also means that external pull-up/pull-down is NOT required unless specified.

5 For this 5-V output, a drive load of 200 pf is possible but with a rise/fall time of 300 ns.

6 During reset, the output enable to the pad driver is negated and the PD is active. After reset is negated, the PD is
disabled.

7 26-V outputs cannot be connected to a pull-up or driver greater than 3.1 V.

8

This pin requires a pull-up to 2.6 V if interrupts are ever enabled for this IRQ input.
9 This signal also includes the MDO5 function on the K27S mask set of the MPC561.
10 The MODCK{[1:3] are shared functions with IRQ[5:7]. If IRQ[5:7] are used as interrupts, the interrupt source should

be removed during PORESET/TRST to insure the MODCK pins are in the correct state on the rising edge of
PORESET/TRST.

11 These pins are powered by KAPWR (keep-alive power supply). Any pull-ups on these pins should pull-up to
KAPWR.
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12 An external pull-up is required in order to negate the signal in the appropriate time.

13 This pin is 5-V tolerant.

14 This signal was PD only until SPRDS is set on mask set K275 of the MPC561.

15 These values represent full drive, half drive and quarter drive.

16 Whether the Pull device is a pull-up or a pull-down is determined by the state of the PULL_SEL signal.

17 For this 5-V output, a drive load of 200 pf is possible, but will have a rise/fall time of 100ns.

18 MPC563 only, no connection on MPC561.

19 |RAMSTBY is the input to an approximately 1.7V voltage regulator. It should be connected through a resistor to a
standby power supply.
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Chapter 3
Central Processing Unit

The RISC processor (RCPU) usedhe MPC500 family of microcontra@ts integrates five independent
execution units: an integer unit (IU), a load/stoné (LSU), a branch processing unit (BPU), a
floating-point unit (FPU) andn integer multiplier divider (IMD). TéaRISC’s use of simple instructions
with rapid execution times yields high efficgnand throughput for PowerPC ISA-based systems.

Most integer instructions execute in one clock cylaistructions can completaut of order for increased
performance; however, the processmkes execution appear sequential.

This section provides an overview of the RCPU. Fortailéel description of this processor, refer to the
RCPU Reference Manualhe following sections desbe each block and sub-block.

3.1 RCPU Block Diagram
Figure 3-1provides a block diagram of the RCPU.
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Figure 3-1. RCPU Block Diagram
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3.2 RCPU Key Features

Major features of the RCPU include:
» High-performance microprocessor
— Single clock-cycle execun for many instructions
* Five independent executionitsrand two register files
— Independent LSU for load and store operations
— BPU featuring static branch prediction
— A 32-bit integer unit (1U)
— Fully IEEE 754-compliant FPU for both singlend double-precision operations except as
noted inSection 3.4.4, “Floating-Point Unit (FPU)r refer to theRCPU Reference Manual.
— 32 general-purpose regissgiGPRs) for integer operands
— 32 floating-point regigrs (FPRs) for singlesr double-precision operands
» Facilities for enhanced system performance
— Atomic memory references
* In-system testability and debugging features
» High instruction and data throughput
— Condition register (CR) look-&lad operations performed by BPU
— Branch-folding capability during exetton (zero-cycle branch execution time)
— Programmabile static branch predia on unresolved conditional branches
— A pre-fetch queue that can hold up ¢aif instructions, providing look-ahead capability
— Interlocked pipelines with &-forwarding that control d&a dependencies in hardware
» Class code compression model support

— Efficient use of internal Blsh (MPC564) and exteaahFlash (MPC562/ME564) by increasing
code density up to 100%

3.3 Instruction Sequencer

The instruction sequencermguides centralized control over data flbetween executiaummits and register
files. It implements the basic imgttion pipeline, fetchemstructions from the memory system, issues
them to available executiamits, and maintains a state history tisaised to back up the machine in the
event of an exception.

The instruction sequencer fetchesrinstions from the burst buffer conlier into the instruction pre-fetch
gueue. The BPU extracts brancktmctions from the grfetch queue and, using branch prediction on
unresolved conditional branches, allatle instruction sequencer to fetostructions fom a predicted
target stream while a conditional branch is eatdd. The BPU folds out branch instructions for
unconditional or conditional branek unaffected by instruotis in the execution stage.

Instructions issued beyond a predicted branch dearaplete execution until the branch is resolved,
preserving the programming modelsgfquential execution. If branphediction is incorrect, the
instruction unit flushes all predictg@th instructions, and instructioase issued from the correct path.
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Instruction Memory System

Instruction Address Generator

32

Instruction Buffer

32

CC unit

Branch
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Instruction
Pre-fetch

Queue

Execution Units and Registers Files

Figure 3-2. Sequencer Data Path

3.4 Independent Execution Units

The PowerPC ISA architecture prdes independent floating-pointtéger, load/store, and branch
processing execution units, making it possible tplément advanced features such as look-ahead
operations. For example, since bramdtructions do not depend on GRRsanches can often be resolved
early, eliminating stalls caused by taken branches.

Table 3-1summarizes the RCPU execution units.
Table 3-1. RCPU Execution Units

Unit

Description

Branch processing unit (BPU)

Includes the implementation of all branch instructions.

Load/store unit (LSU)

Includes implementation of all load and store instructions, whether defined as
part of the integer processor or the floating-point processor.

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 3-1. RCPU Execution Units (continued)

Unit Description

Integer unit (IU) Includes implementation of all integer instructions except load/store instructions.
This module includes the GPRs (including GPR history and scoreboard) and the
following subunits: the IMUL-IDIV, which includes the implementation of the
integer multiply and divide instructions and the ALU-BFU, which includes
implementation of all integer logic, add and subtract instructions, and bit field
instructions.

Floating-point unit (FPU) Includes the FPRs (including FPR history and scoreboard) and the
implementation of all floating-point instructions except load/store floating-point
instructions.

The following sections describe tlgesxecution units in greater detail.

34.1 Branch Processing Unit (BPU)

The BPU, located within the instruction sequengerforms condition registéook-ahead operations on
conditional branches. The BPU looks through the iotito queue for a conditional branch instruction
and attempts to resolve it early, achieving dffect of a zero-cycle branch in many cases.

The BPU uses a bitin the instruntiencoding to predict the directiontbé conditional branch. Therefore,
when it encounters an unresolveaxhditional branch instruction, thequessor pre-fetches instructions
from the predicted target stream umiié conditional branch is resolved.

The BPU uses a calculation feature to computedbrgarget addresses with three special-purpose,
user-accessible regissethe link register (LR), thcount register (CTR), aride condition register (CR).
The BPU calculates the return pointer a subroutine, then calls andsea it into the LR. The LR also
contains the branch targeddress for the brancbrditional to link register @rx) instruction. The CTR
contains the branch targatdress for the branch conditional tant register (bcctrx) instruction. The
contents of the LR and &Ican be copied to ordm any GPR. Because the BBses dedicated registers
rather than general-purpose or flogtipoint registers, execution ofamch instructions is independent
from execution of integer instruotis. The CR bits indicatnditions that may refidrom the execution
of relevant instructions.

3.4.2 Integer Unit (1U)
The U executes all integer processor instructi@xsept the integer storage access instructions)
implemented by the load/store unit.eThJ contains the following subunits:

e The IMUL-IDIV unit, which implements thmteger multiply and divide instructions

* The Arithmetic Logic Unit (ALU)-BFU unit, whit implements all integer logic, add, subtract,
and bit-field instructions

The IU also includes the integexception register (XER) anddlyeneral-purpose register file.

IMUL-IDIV and ALU-BFU are implemented ass@rate execution units. The ALU-BFU unit can
execute one instruction per clock aydMUL-IDIV instructionsrequire multiple clock cycles to execute.
IMUL-IDIV is pipelined for multiply instructions, so #t consecutive multiply instructions can be issued

MPC561/MPC563 Reference Manual, Rev. 1.2
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on consecutive clock cycles. Dividestructions are not pipeled; an integer dividmstruction preceded
or followed by an integer divide onultiply instruction results in a pcessor-pipeline stall. However, since
IMUL-IDIV and ALU-BFU are implemergd as separate execution units, an integer divide instruction
preceded or followed by an ALU-BFU instruariidoes not cause a delay in the pipeline.

3.4.3 Load/Store Unit (LSU)

The load/store unit handles all data transfer batvilee general-purpose register file and the internal
load/store bus (L-bus). The load/store unit is impleleas an independent exéon unit so that stalls
in the memory pipeline do not stall the master insioaqtipeline (unless thers a data dependency). The
unit is fully pipelined so that mempinstructions of any size mdge issued on back-to-back cycles.

There is a 32-bit wide data paiktween the load/store unit até general-purpose register file.
Single-word accesses can be achieveld an internal on-chip data RAMgsulting in a two-clock latency.
Double-word accesses require two &®aesulting in a three-clock latey. Since the L-bus is 32 bits
wide, double-word transfers requirea\wus accesses. The load/stord parforms zero-fill for byte and
half-word transfers and sign ergon for half-word transfers.

Addresses are formed by adding Hueirce-one register operand spedifiy the instruction (or zero) to
either a source-two register operand or to &éit,dmmediate value embedded in the instruction.

3.4.4 Floating-Point Unit (FPU)

The FPU contains a double-precision multiply artag,floating-point statuand control register
(FPSCR), and the FPRs. The multiply-add array allimfRCPU to efficientlymplement floating-point
operations such as multiplynultiply-add, and divide.

The RCPU depends on a software envelope to ifulplement the IEEE floating-point specification.
Overflows, underflows, NaNs (not a number), dedormalized numbers cause floating-point assist
exceptions that invoke a softwaritine to deliver (with hardware sistance) the correct IEEE result.

To accelerate time-critical operatioasd make them more determirgstihe RCPU provides a mode of
operation that avoids invoking a software envelopeadtanpts to deliver resslin hardware that are
adequate for most applicationsadt in strict compliance with IEEEastdards. In this mode, denormalized
numbers, NaNs, and IEEE invalid opeoas are legitimate, returning dafaresults rather than causing
floating-point assist exceptions.

35 Levels of the PowerPC ISA Architecture

The PowerPC ISA architecture consists of three levels:

» User instruction set architecture (UISA) — defities base user-level instruction set, user-level
registers, data types, floating-point exceptmodel, memory models for a uniprocessor
environment, and programming moéi® a uniprocessor environment.

* Virtual environment architecture (VEA) — sleribes the memory model for a multiprocessor
environment, and describes otlaspects of virtual environments.
Implementations that conformtioe VEA also adhere to the UISBut may not necessarily adhere
to the OEA.

MPC561/MPC563 Reference Manual, Rev. 1.2
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» Operating environment architecture (OEA)defines the memory-management model,
supervisor-level registers, synchronipatrequirements, arttie exception model.
Implementations that conform to the OBi&so adhere to the UISA and the VEA.

Adherence to the PowerPC ISA architecture cameasured in terms of uwdh of the levels are
implemented.

3.6 RCPU Programming Model

The PowerPC ISA architectudefines register-to-regist operations for most ogputational instructions.
Source operands for these instructi@re accessed from the registerarerembedded in the instruction
opcode. The three-register instructformat allows specificatin of a target registelistinct from the two
source operands. Load and storerungions transfer data betwesremory and on-chip registers.

PowerPC ISA-compliant processorssbdwo levels of prilege: supervisor modgypically used by the
operating environment) and user mode (usethbyapplication software). The programming model
incorporates 32 GPRs, special-purpose regi§8#8fs), and several miscellaneous registers.

Supervisor-level access is provitiirough the processor’s exception mechanism. That is, when an

exception is taken (whethautomatically, because of an error oolgem that needs to be serviced, or

deliberately, as in the case of aptrinstruction), the processor begaperating in supervisor mode. The
access level is indicated by thevilege-level (PR) bit in the machine state register (MSR).

Figure 3-3illustrates the user-level and supervisor-l&R€IPU programming models and the three levels
of the PowerPC ISA architecture. Note that regssseich as the general-purpose registers (GPRs) are
accessed through operands that are part of the instrsicRegisters can beaassed explicitly through
specific instructions such as mowespecial-purpose register (qtsor move from special-purpose
register (mftspr), or implicitly as part of arstnuction’s execution. Some registers are accessed both
explicitly and implicitly.
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Figure 3-3. RCPU Programming Model
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Table 3-2lists the MPC561/MPC563 supervisextl registers; refer also @€hapter 6, “System
Configuration and ProtectighChapter 11, “L-Bus to U-Bus Interface (L2Uand Chapter 4, “Burst
Buffer Controller 2 Modulg for more information.

Table 3-2. Supervisor-Level SPRs

SPR Number
(Decimal)

Special-Purpose Register

18

DAE/Source Instruction Service Register (DSISR)
See Section 3.9.2, “DAE/Source Instruction Service
Register (DSISR),” for bit descriptions.

19

Data Address Register (DAR)

See Section 3.9.3, “Data Address Register (DAR),” for bit

descriptions.

22

Decrementer Register (DEC)
See Section 6.1.6, “Decrementer (DEC).” for bit
descriptions.

26

Save and Restore Register 0 (SRRO0)
See Section 3.9.6, “Machine Status Save/Restore
Register 0 (SRRO0),” for bit descriptions.

27

Save and Restore Register 1 (SRR1)
See Section 3.9.7, “Machine Status Save/Restore
Register 1 (SRR1),” for bit descriptions.

80

External Interrupt Enable (EIE)1
See Section 3.9.10.1, “EIE, EID, and NRI
Special-Purpose Registers.”

81

External Interrupt Disable (EID)!
See Section 3.9.10.1, “EIE, EID, and NRI
Special-Purpose Registers.”

82

Non-Recoverable Interrupt (NRI)*
See Section 3.9.10.1, “EIE, EID, and NRI
Special-Purpose Registers.”

272

SPR General 0 (SPRG0)!
See Section 3.9.8, “General SPRs (SPRG0-SPRG3),”
for bit descriptions.

273

SPR General 1 (SPRG1)!
See Section 3.9.8, “General SPRs (SPRG0-SPRG3),”
for bit descriptions.

274

SPR General 2 (SPRG2)
See Section 3.9.8, “General SPRs (SPRG0-SPRG3),”
for bit descriptions.

275

SPR General 3 (SPRG3)
See Section 3.9.8, “General SPRs (SPRG0-SPRG3),”
for bit descriptions.

284

Time Base Lower — Write (TBL)
See Section 6.1.7, “Time Base (TB).”

285

Time Base Upper — Write (TBU)

See Section 6.1.7, “Time Base (TB).”
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Table 3-2. Supervisor-Level SPRs (continued)

SPR Number
(Decimal)

Special-Purpose Register

287

Processor Version Register (PVR)
See Table 3-14 for bit descriptions.

528

IMPU Global Region Attribute (MI_GRA)*
See Table 4-8 for bit descriptions.

536

L2U Region Attribute (L2U_GRA)
See Table 11-10 for bit descriptions.

560

BBC Module Configuration Register (BBC_MCR)1
See Table 4-4 for bit descriptions.

568

L2U Module Configuration Register (L2U_MCR)1
See Table 11-7 for bit descriptions.

784

L2U Region Base Address Register 0 (L2U_RBAO)1
See Table 4-5 for bit descriptions.

785

IMPU Region Base Address Register 1 (MI_RBA1)!
See Table 4-5 for bits descriptions.

786

IMPU Region Base Address Register 2 (MI_RBA2)*
See Table 4-5 for bits descriptions.

787

IMPU Region Base Address Register 3 (MI_RBA3)!
See Table 4-5 for bits descriptions.

816

IMPU Region Attribute Register O (MI_RAO)l. See
Table 4-6 for bits descriptions.

817

IMPU Region Attribute Register 1 (MI_RAl)l. See
Table 4-6 for bits descriptions.

818

IMPU Region Attribute Register 2 (MI_RA2)1. See
Table 4-6 for bits descriptions.

819

IMPU Region Attribute Register 3(Ml_RA3)!. See
Table 4-6 for bits descriptions.

792

L2U Region Base Address Register 0 (L2U_RBA0)*
See Table 11-8 for bit descriptions.

793

L2U Region Base Address Register 1 (L2U_RBA1)*
See Table 11-8 for bit descriptions.

794

L2U Region Base Address Register 2 (L2U_RBA2)1
See Table 11-8 for bit descriptions.

795

L2U Region Base Address Register 3 (L2U_RBA3)1
See Table 11-8 for bit descriptions.

824

L2U Region Attribute Register 0 (L2U_RAO)l
See Table 11-9 for bit descriptions.

825

L2U Region Attribute Register 1 (L2U_RA1)!
See Table 11-9 for bit descriptions.

826

L2U Region Attribute Register 2 (L2U_RA2)!
See Table 11-9 for bit descriptions.
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Table 3-2. Supervisor-Level SPRs (continued)

SPR Number
(Decimal)

Special-Purpose Register

827

L2U Region Attribute Register 3 (L2U_RA3)!
See Table 11-9 for bit descriptions.

1022

Floating-Point Exception Cause Register (FPECR)!

See Section 3.9.10.2, “Floating-Point Exception Cause

Register (FPECR),” for bit descriptions.

1 Implementation-specific SPR, not defined by the PowerPC ISA

architecture.

Table 3-3lists the RCPU SPRs used for development support.

Table 3-3. Development Support SPRs!

SPR Number
(Decimal)

Special-Purpose Register

144

Comparator A Value Register (CMPA)
See Table 23-17 for bit descriptions.

145

Comparator B Value Register (CMPB)
See Table 23-17 for bit descriptions.

146

Comparator C Value Register (CMPC)
See Table 23-17 for bit descriptions.

147

Comparator D Value Register (CMPD)
See Table 23-17 for bit descriptions.

148

Exception Cause Register (ECR)
See Table 23-18 for bit descriptions.

149

Debug Enable Register (DER)
See Table 23-19 for bit descriptions.

150

Breakpoint Counter A Value and Control (COUNTA)
See Table 23-20 for bit descriptions.

151

Breakpoint Counter B Value and Control (COUNTB)
See Table 23-21 for bit descriptions.

152

Comparator E Value Register (CMPE)
See Table 23-22 for bit descriptions.

153

Comparator F Value Register (CMPF)
See Table 23-22 for bit descriptions.

154

Comparator G Value Register (CMPG)
See Table 23-23 for bit descriptions.

155

Comparator H Value Register (CMPH)
See Table 23-23 for bit descriptions.

156

L-bus Support Comparators Control 1 (LCTRL1)
See Table 23-24 for bit descriptions.

157

L-bus Support Comparators Control 2 (LCTRL2)
See Table 23-25 for bit descriptions.
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Table 3-3. Development Support SPRs? (continued)

SPR Number . .
(Decimal) Special-Purpose Register

158 I-bus Support Control Register (ICTRL)
See Table 23-26 for bit descriptions.

159 Breakpoint Address Register (BAR)
See Table 23-28 for bit descriptions.

630 Development Port Data Register (DPDR)
See Section 23.6.13, “Development Port Data Register
(DPDR),” for bit descriptions.

1 All development-support SPRs are implementation-specific.

Unless otherwise noted, reserved fiedtisuld be written witla zero when writteand return zero when
read. An exception to this rule is XER[16:23]; §s=tion 3.7.5, “Integer Exception Register (XER)
These bits are set to the value written to them and return that value when read.

3.7  User Instruction Set Architecture (UISA)
Register Set

The UISA registers can laecessed by either user- or supervisoel instructions. The general-purpose
registers are accessedahgh instruction operands.

3.7.1 General-Purpose Registers (GPRSs)

Integer data is manipulated in the integer unit'sykiwo 32-bit GPRs, shown lmev. These registers are
accessed as source and dediim registers through operaridghe instruction syntax.

MSB LSB
0 123456 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
GPRO
GPR1
GPR31
Reset Unchanged

Figure 3-4. General-Purpose Registers (GPRs)

3.7.2 Floating-Point Registers (FPRS)

The PowerPC ISA architecture prdes 32 64-bit FPRs. These registare accessed as source and
destination registers through operands in ftggpoint instructions. Each FPR supports the
double-precision, floating-poifibrmat. Every instruction that intengts the contents of an FPR as a
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floating-point value does so usingettlouble-precision floating-point foah Therefore, all floating-point
numbers are stored in double-precision format.

All floating-point arithmetic instrations operate on data located in FPRs and, with the exception of the
compare instructions (which update the CR), place thdtrmto an FPR. Information about the status of
floating-point operations iglaced into the floating-point statuscacontrol registetfPSCR) and in some
cases, after the completion of the operation’s writetage, into the CR. For information on how the CR
is affected by floatig-point operations, sekection 3.7.4, “Condition Register (CR)

MSB LSB
0 63
FPRO
FPR1
FPR31
Reset Unchanged

Figure 3-5. Floating-Point Registers (FPRS)

3.7.3 Floating-Point Status and Control Register (FPSCR)

The FPSCR controls the handling of floating-pointeptions and records status resulting from the
floating-point operations. FPSORP3] are status bits. FP&{24:31] are control bits.

FPSCR[0:12] and FPSCR[21:2&8e floating-point exception condition&i These bits are sticky, except
for the floating-point enabled exception summargXland floating-pointnvalid operation exception
summary (VX). Once set, sticky bits remain set unéytare cleared by an mcrfs, mtfsfi, mtfsf, or mtfsbO
instruction.

Table 3-4summarizes which bits in the FPSCR are stitiyus bits, which amreormal status bits, and
which are control bits.

Table 3-4. FPSCR Bit Categories

Bits Type

[0], [3:12], [21:23] Status, sticky

[1:2], [13:20] Status, not sticky

[24:31] Control

FEX and VX are the logical ORs of other FPSCR. Aitserefore these two bits are not listed among the
FPSCR bits directly affected by the various instructions.

MPC561/MPC563 Reference Manual, Rev. 1.2
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MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| FX |[FEX| VX | OX | UX | ZX XX | VXSN | VXISI |VXIDI | VXZDZ | VXIMZ |[VXVC| FR | FI | FPRFO
AN
Reset Unchanged
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field FPRF[1:4] 0 | VX VX |VXCVI| VE | OE UE ZE XE | NI RN
SOFT | SQRT
Reset Unchanged
Figure 3-6. Floating-Point Status and Control Register (FPSCR)
A listing of FPSCR bisettings is shown iable 3-5
Table 3-5. FPSCR Bit Descriptions
Bits Name Description
0 FX Floating-point exception summary. Every floating-point instruction implicitly Sticky bit
sets FPSCR[FX] if that instruction causes any of the floating-point exception
bits in the FPSCR to change from 0 to 1. The mcrfs instruction implicitly clears
FPSCRI[FX] if the FPSCR field containing FPSCR[FX] has been copied. The
mtfsf, mtfsfi, mtfsb0, and mtfsb1 instructions can set or clear FPSCR[FX]
explicitly.
1 FEX Floating-point enabled exception summary. This bit signals the occurrence of Not sticky
any of the enabled exception conditions. It is the logical OR of all the
floating-point exception bits masked with their respective enable bits. The
mcrfs instruction implicitly clears FPSCR[FEX] if the result of the logical OR
described above becomes zero. The mtfsf, mtfsfi, mtfsb0, and mtfsb1
instructions cannot set or clear FPSCR[FEX] explicitly.
2 VX Floating-point invalid operation exception summary. This bit signals the Not sticky
occurrence of any invalid operation exception. It is the logical OR of all of the
invalid operation exceptions. The mcrfs instruction implicitly clears
FPSCR[VX] if the result of the logical OR described above becomes zero. The
mtfsf, mtfsfi, mtfsbO, and mtfsb1l instructions cannot set or clear FPSCR[VX]
explicitly.
3 OX Floating-point overflow exception. Sticky bit
4 UX Floating-point underflow exception. Sticky bit
5 ZX Floating-point zero divide exception. Sticky bit
6 XX Floating-point inexact exception. Sticky bit
7 VXSNAN | Floating-point invalid operation exception for SNaN. Sticky bit
8 VXISI Floating-point invalid operation exception for f - f. Sticky bit
9 VXIDI Floating-point invalid operation exception for f/f. Sticky bit
10 VXZDZ | Floating-point invalid operation exception for 0/0. Sticky bit
11 VXIMZ | Floating-point invalid operation exception for f x O. Sticky bit

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 3-5. FPSCR Bit Descriptions (continued)

Central Processing Unit

Bits

Name

Description

12

VXVC

Floating-point invalid operation exception for invalid compare.

Sticky bit

13

FR

Floating-point fraction rounded. The last floating-point instruction that
potentially rounded the intermediate result incremented the fraction.

Not sticky

14

Fl

Floating-point fraction inexact. The last floating-point instruction that
potentially rounded the intermediate result produced an inexact fraction or a
disabled exponent overflow.

Not sticky

[15:19]

FPRF

Floating-point result flags. This field is based on the value placed into the
target register even if that value is undefined. Refer to Table 3-6 for specific bit
settings.

15 Floating-point result class descriptor (C). Floating-point instructions other
than the compare instructions may set this bit with the FPCC bits, to
indicate the class of the result.

16-19 Floating-point condition code (FPCC). Floating-point compare
instructions always set one of the FPCC bits to one and the other three
FPCC bits to zero. Other floating-point instructions may set the FPCC bits
with the C bit, to indicate the class of the result. Note that in this case the
high-order three bits of the FPCC retain their relational significance
indicating that the value is less than, greater than, or equal to zero.

16 Floating-point less than or negative (FL or <)

17 Floating-point greater than or positive (FG or >)

18 Floating-point equal or zero (FE or =)

19 Floating-point unordered or NaN (FU or ?)

Not sticky

20

Reserved

21

VXSOFT

Floating-point invalid operation exception for software request. This bit can be
altered only by the mcrfs, mtfsfi, mtfsf, mtfsb0, or mtfsb1 instructions. The
purpose of VXSOFT is to allow software to cause an invalid operation
condition for a condition that is not necessarily associated with the execution
of a floating-point instruction. For example, it might be set by a program that
computes a square root if the source operand is negative.

Sticky bit

22

VXSQRT

Floating-point invalid operation exception for invalid square root. This
guarantees that software can simulate fsqrt and frsgrte, and can provide a
consistent interface to handle exceptions caused by square root operations.

Sticky bit

23

VXCVI

Floating-point invalid operation exception for invalid integer convert.

Sticky bit

24

VE

Floating-point invalid operation exception enable.

25

OE

Floating-point overflow exception enable.

26

UE

Floating-point underflow exception enable. This bit should not be used to
determine whether denormalization should be performed on floating-point
stores.

27

ZE

Floating-point zero divide exception enable.

28

XE

Floating-point inexact exception enable.
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Table 3-5. FPSCR Bit Descriptions (continued)

Bits Name Description
29 NI Non-IEEE mode bit. —
30-31 RN Floating-point rounding control. —

00 Round to nearest

01 Round toward zero

10 Round toward +infinity
11 Round toward -infinity

Table 3-6illustrates the floating-point rekudlags that correspond to FPSCR[15:19].
Table 3-6. Floating-Point Result Flags in FPSCR

Result Flags

(Bits 15:19) Result Value Class
C<>=?
10001 Quiet NaN
01001 — Infinity
01000 — Normalized number
11000 — Denormalized number
10010 —Zero
00010 + Zero
10100 + Denormalized number
00100 + Normalized number
00101 + Infinity

3.7.4 Condition Register (CR)

The condition register (CR) &32-bit register that reflects the ritsi certain operabns and provides a
mechanism for testing afmtanching. The bits in the CR are group®d eight 4-bit fields: CRO to CR7.

MSB LSB

0 123 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field CRO CR1 CR2 CR3 CR4 CR5 CR6 CR7
Reset Unchanged

Figure 3-7. Condition Register (CR)

The CR fields can be set in the following ways:
» Specified fields of the CR can be set by astrunction (mtcrf) to move to the CR from a GPR.
» Specified fields of the CR can be moved from Qfx field to another with the mcrf instruction.
* A specified field of the CR can be set by annnstion (mcrxr) to move to the CR from the XER.

» Condition register logical instruons can be used to perforogical operations on specified bits
in the condition register.

* CRO can be the implicit result of an integer operation.
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» A specified CR field can be the explic#sult of an integer compare instruction.

Instructions are provided test individual CR bits.

3.74.1 Condition Register CRO Field Definition

In most integer instructions, wheretlR is set to reflect the resulttbeé operation (that is, when Rc = 1),
and for addic., andi., and andis., thstfthree bits of CRO are set byalgebraic comparison of the result
to zero; the fourth bit of CRO i®pied from XER[SO]. For integer insictions, CRO[0:3] are set to reflect
the result as a signed quantity.eTBQ bit reflects the result as an unsigned quantity or bit string.

The CRO bits are interpreted as showiiable 3-7 If any portion of the result (the 32-bit value placed
into the destination register) is undefined, the valaeqd in the first three bits of CRO is undefined.

Table 3-7. Bit Settings for CRO Field of CR

CRO Bit Description

0 Negative (LT). This bit is set when the result is negative.

Positive (GT). This bit is set when the result is positive (and not zero).

1
2 Zero (EQ). This bit is set when the result is zero.
3 Summary overflow (SO). This is a copy of the final state of XER[SO] at the completion of the instruction.

3.7.4.2 Condition Register CR1 Field Definition

In all floating-point instructions whetihe CR is set to reflect the resoftthe operation (that is, when Rc
= 1), the CR1 field (bits 4 to 7 of the CR) is aagbirom FPSCRJ[0:3] tadicate the floating-point
exception status. For more imfoation about the FPSCR, s@ection 3.7.3, “Floating-Point Status and
Control Register (FPSCR)The bit settings for the CR1 field are showrTable 3-8

Table 3-8. Bit Settings for CR1 Field of CR

CR1 Bit Description

0 Floating-point exception (FX). This is a copy of the final state of FPSCR[FX] at the completion of the
instruction.

1 Floating-point enabled exception (FEX).This is a copy of the final state of FPSCR[FEX] at the completion of
the instruction.

2 Floating-point invalid exception (VX).This is a copy of the final state of FPSCR[VX] at the completion of the
instruction.

3 Floating-point overflow exception (OX).This is a copy of the final state of FPSCR[OX] at the completion of
the instruction.

3.7.4.3 Condition Register CRn Field — Compare Instruction

When a specified CR field is set bg@mpare instruction, thetb of the specified &ld are interpreted as
shown inTable 3-9 A condition register field can also becessed by the mfcr, mcrf, and mtcrf
instructions.
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Table 3-9. CRn Field Bit Settings for Compare Instructions

CRn Bit! Description

0 Less than, floating-point less than (LT, FL).
For integer compare instructions, (rA) < SIMM, UIMM, or (rB) (algebraic comparison) or (rA) SIMM, UIMM,
or (rB) (logical comparison). For floating-point compare instructions, (frA) < (frB).

1 Greater than, floating-point greater than (GT, FG).
For integer compare instructions, (rA) > SIMM, UIMM, or (rB) (algebraic comparison) or (rA) SIMM, UIMM,
or (rB) (logical comparison). For floating-point compare instructions, (frA) > (frB).

2 Equal, floating-point equal (EQ, FE).
For integer compare instructions, (rA) = SIMM, UIMM, or (rB).
For floating-point compare instructions, (frA) = (frB).

3 Summary overflow, floating-point unordered (SO, FU).
For integer compare instructions, this is a copy of the final state of XER[SO] at the completion of the
instruction. For floating-point compare instructions, one or both of (frA) and (frB) is not a number (NaN).

1 Here, the bit indicates the bit number in any one of the four-bit subfields, CRO-CR7

3.7.5 Integer Exception Register (XER)

The integer exception register (XER),FSR, is a user-level, 32-bit register.

MSB LSB
0 1 2 3 4586 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| SO | OV |CA — BYTES
Reset Unchanged 00_0000_0000_0000_0000_0 Unchanged
Addr SPR 1

Figure 3-8. Integer Exception Register (XER)

The bit descriptionfor XER, shown inTable 3-10Q are based on the operatioraafinstruction considered
as a whole, not on intermediate fésuFor example, the result thfe subtract from carrying (subfcx)
instruction is specified as the sumtlfee values. This instruction sétts in the XER based on the entire
operation, not on an intermediate sum.

In most cases, reserved fieldseégisters are ignored when writteraiad return zero when read. However,
XER[16:23] are set to the value writtenth@m and return that value when read.

Table 3-10. Integer Exception Register Bit Descriptions

Bits Name Description

0 SO Summary Overflow (SO). The summary overflow bit is set whenever an instruction sets the
overflow bit (OV) to indicate overflow and remains set until software clears it. It is not altered by
compare instructions or other instructions that cannot overflow.

1 ov Overflow (OV). The overflow bit is set to indicate that an overflow has occurred during execution
of an instruction. Integer and subtract instructions having OE=1 set OV if the carry out of bit O is
not equal to the carry out of bit 1, and clear it otherwise. The OV bit is not altered by compare
instructions or other instructions that cannot overflow.
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Table 3-10. Integer Exception Register Bit Descriptions

Bits Name Description

2 CA Carry (CA). In general, the carry bit is set to indicate that a carry out of bit 0 occurred during
execution of an instruction. Add carrying, subtract from carrying, add extended, and subtract
from extended instructions set CA if there is a carry out of bit 0, and clear it otherwise. The CA
bit is not altered by compare instructions or other instructions that cannot carry, except that shift
right algebraic instructions set the CA bit to indicate whether any ‘1’ bits have been shifted out
of a negative quantity.

3:24 — Reserved

25:31 BYTES | This field specifies the number of bytes to be transferred by a Load String Word Indexed (Iswx)
or Store String Word Indexed (stswx) instruction.

3.7.6 Link Register (LR)

The link register (LR), SPB, supplies the branch target addresstferbranch conditional to link register
(bclrx) instruction, and can be usdhold the logical address of thesiruction that follows a branch and
link instruction.

Note that although the two least-sifjtant bits can accept any valugstten to them, they are ignored
when the LR is used as an address.

Both conditional and unconditional branastructions include the optiaf placing the effective address
of the instruction after the branch instruction in e This is done regardless of whether the branch is
taken.

MSB LSB
0 1 2 3 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field Branch Address
Reset Unchanged
Addr SPR 8

Figure 3-9. Link Register (LR)

3.7.7 Count Register (CTR)

The count register (CTR), SPR 9, is used to hdtebp count that can beedremented during execution
of branch instructions with aappropriately coded B@eld. If the value in CTR is 0 before being
decremented, it is —1 afterward. T¢wmunt register provides the brartelnget address for the branch
conditional to count regist (bcctrx) instructio

MSB LSB
0 12 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field Loop Count
Reset Unchanged
Addr SPR 9

Figure 3-10. Count Register (CTR)
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3.8 VEA Register Set — Time Base (TB)

The virtual environment ardiecture (VEA) defines registers in atidn to the UISA register set. The
VEA register set can be aceses by all software with either user-supervisor-level privileges. Refer to
Section 6.1.7, “Time Base (TB)for more information.

3.9 OEA Register Set

The operating environment architexd (OEA) includes a number of SPRnd other registers that are
accessible only by supervisor-lewastructions. Some SPRs are RCBukcific; some RCPU SPRs may
not be implemented in other PowerPC ISA processw may not be implemented in the same way.

3.9.1 Machine State Register (MSR)

The machine state register is a 32-bit register thatetethe state of the pressor. When an exception
occurs, the contents of the MSR are loadéal 8RR1, and the MSR is updated to reflect the
exception-processing machine state. The MSR carbalswodified by the mtmssgc, and rfi instructions.
It can be read by the mfmsr instruction.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field — POW 0 | ILE
SRESET 0000_0000_0000_0000
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| EE | PR | FP | ME |FEO| SE | BE |FE1| — | IP | IR | DR| — |DCMPEN| RI | LE
1
SRESET 000 u 0000 0 ID12 000 x3 00

Figure 3-11. Machine State Register (MSR)
L This bit is available only on code compression-enabled options of the MPC561/MPC563.
2 The reset value is a reset configuration word value extracted from the internal bus line. Refer to Section 7.5.2, “Hard
Reset Configuration Word (RCW).”

3 The reset value is defined by the equation "BBCMCR[EN_COMP] AND BBCMCR[EXC_COMP]". At HRESET the
BBCMCR[EN_COMP] and BBCMCR[EXC_COMP] bits recieve their values from RCW bits 21 and 22. The BBCMCR
does not change at SRESET. Thus the DCMPEN reset value may be different on SRESET and HRESET, if software
changes these BBCMCR bits from their reset values.

Table 3-11shows the bit definitions for the MSR.
Table 3-11. Machine State Register Bit Descriptions

Bits Name Description
0:12 — Reserved
13 POW Power management enable.

0 Power management disabled (normal operation mode)
1 Power management enabled (reduced power mode)
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Table 3-11. Machine State Register Bit Descriptions (continued)

Bits

Name

Description

14

Reserved

15

ILE

Exception little-endian mode. When an exception occurs, this bit is copied into MSR[LE] to
select the endian mode for the context established by the exception. Little-endian mode is not
supported on the MPC561/MPC563. This bit should be cleared to 0 at all times.

0 The processor runs in big-endian mode during exception processing.

1 The processor runs in little-endian mode during exception processing.

16

EE

External interrupt enable. Interrupts should only be negated while the EE bit is disabled (0).

Software should disable interrupts (EE = 0) in the RCPU before clearing or masking any

interrupt source from the USIU or external pins. For external interrupts, it is recommended that

the edge-triggered interrupt scheme be used. See Section 6.1.4, “Enhanced Interrupt

Controller.”

0 The processor delays recognition of external interrupts and decrementer exception
conditions.

1 The processor is enabled to take an external interrupt or the decrementer exception.

17

PR

Privilege level.
0 The processor can execute both user- and supervisor-level instructions.
1 The processor can only execute user-level instructions.

18

FP

Floating-point available.

0 The processor prevents dispatch of floating-point instructions, including floating-point loads,
stores and moves. Floating-point enabled program exceptions can still occur and the FPRs
can still be accessed.

1 The processor can execute floating-point instructions, and can take floating-point enabled
exception type program exceptions.

19

ME

Machine check enable.
0 Machine check exceptions are disabled.
1 Machine check exceptions are enabled.

20

FEO

Floating-point exception mode 0 (See Table 3-12.)

21

SE

Single-step trace enable.

0 The processor executes instructions normally.

1 The processor generates a single-step trace exception when the next instruction executes
successfully. When this bit is set, the processor dispatches instructions in strict program
order. Successful execution means the instruction caused no other exception.

22

BE

Branch trace enable.
0 No trace exception occurs when a branch instruction is completed.
1 Trace exception occurs when a branch instruction is completed.

23

FE1

Floating-point exception mode 1 (See Table 3-12).

24

Reserved

25

Exception prefix. The setting of this bit specifies the location of the exception vector table.
0 Exception vector table starts at the physical address 0x0000 0000.
1 Exception vector table starts at the physical address OxFFFO0 0000.

26

Instruction relocation.

0 Instruction address translation is off; the BBC IMPU does not check for address permission
attributes.

1 Instruction address translation is on; the BBC IMPU checks for address permission
attributes.
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Table 3-11. Machine State Register Bit Descriptions (continued)

Bits Name Description
27 DR Data relocation.
0 Data address translation is off; the L2U DMPU does not check for address permission
attributes.

1 Data address translation is on; the L2U DMPU checks for addressn permission attributes.

28 — Reserved

29 DCMPEN | Decompression On/Off. The reset value of this bit is (BBCMCR[EN_COMP] AND

BBCMCR[EXC_COMP]).

Note: This bit should not be set for the MPC561/MPC563.

0 The RCPU runs in normal operation mode.

1 The RCPU runs in compressed mode.

Note: MSR[DCMPEN] should not be changed by software by a direct MSR register write
(MTMSR instruction). It can be changed only by the RFI instruction or by an exception.

30 RI Recoverable exception (for machine check and non-maskable breakpoint exceptions).
0 Machine state is not recoverable.
1 Machine state is recoverable.

31 LE Little-endian mode. This mode is not supported on MPC561/MPC563. This bit should be
cleared to O at all times.

0 The processor operates in big-endian mode during normal processing.

1 The processor operates in little-endian mode during normal processing.

The floating-point exception modetbiare interpreted as shownTiable 3-12
Table 3-12. Floating-Point Exception Mode Bits

FE[0:1] Mode

00 Ignore exceptions mode. Floating-point exceptions do not cause the
floating-point assist error handler to be invoked.

01, 10, 11 | Floating-point precise mode. The system floating-point assist error
handler is invoked precisely at the instruction that caused the enabled
exception.

3.9.2 DAE/Source Instruction Service Register (DSISR)
The DSISR, SPR 18, identifies the causdath access and alignment exceptions.

MSB LSB
0 12 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field DSISR
Reset Unchanged
Addr SPR 18

Figure 3-12. DAE/Source Instruction Service Register (DSISR)

For more information about bit settings, S=tion 3.15.4.2, “Machine Check Exception (0x0200)
Section 3.15.4.6, “Alignment Exception (0x0060@nd Section 3.15.4.15, “Implementation-Specific
Data Protection Error Exception (0x1400)
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3.9.3 Data Address Register (DAR)

After an alignment exception, the DARPR 19, is set to the effectivedaess of a load or store element.

MSB LSB
0 123 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field Data Address
Reset Unchanged
Addr SPR 19

Figure 3-13. Data Address Register (DAR)

3.94 Time Base Facility (TB) — OEA

Refer toSection 6.1.7, “Time Base (TB)for information.

3.9.5 Decrementer Register (DEC)

Refer toSection 6.1.6, “Decrementer (DECjor information.

3.9.6 Machine Status Save/Restore Register 0 (SRRO0)

The machine status sawestore register 0 (SRRO0), SPR 26, tifees where instruction execution should
resume when an rfi instruction is executed followamgexception. It also holds the effective address of
the instruction that follows the system call (sc) instruction.

MSB LSB
0 123 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field SRRO
Reset Undefined
Addr SPR 26

Figure 3-14. Machine Status Save/Restore Register 0 (SRRO0)

When an exception occurs, SRRO is set to point iastruction such that all prior instructions have
completed execution and no subseduestruction has begun exearti The instruction addressed by
SRRO may not have completed execution, deperahritpe exception type. SRRO addresses either the
instruction causing the exceptiontbe instruction immediately followwg. The instruction addressed can
be determined from the exception type and status bits.

3.9.7 Machine Status Save/Restore Register 1 (SRR1)

The machine status save/restore register 1 (SRR 27, saves the machstatus on exceptions and
restores the machine status when an rfi instruction is executed.
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MSB LSB
0 12 3 456 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field SRR1
Reset Undefined
Addr SPR 27

Figure 3-15. Machine Status Save/Restore Register 1 (SRR1)

In general, when an exception occurs, SRR1[0at&]loaded with exception-specific information, and
MSR[16:31] are plaakinto SRR1[16:31].

3.9.8 General SPRs (SPRGO-SPRG23)

SPRGO-SPRG3, SPRs 272-275, are provided for generaltiogesystem use, such as fast-state saves
and multiprocessor-implementatiompport. SPRGO0-SPRG3 are shown below.

MSB LSB
0 12 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

SPRGO

SPRG1

SPRG2

SPRG3

Reset Unchanged

Figure 3-16. SPRGO-SPRG3 — General Special-Purpose Registers 0-3

Uses for SPRGO-SPRG3 are showiiable 3-13
Table 3-13. Uses of SPRG0O-SPRG3

Register Description

SPRGO | Software may load a unique physical address in this register to identify an area of memory reserved for use
by the exception handler. This area must be unique for each processor in the system.

SPRG1 | This register may be used as a scratch register by the exception handler to save the content of a GPR. That
GPR then can be loaded from SPRGO and used as a base register to save other GPRs to memory.

SPRG2 | This register may be used by the operating system as needed.

SPRG3 | This register may be used by the operating system as needed.
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3.9.9 Processor Version Register (PVR)

The PVR is a 32-bit, read-only registhat identifies the version arglision level of the processor. The
contents of the PVR can be copied to a GPR by tepmnistruction. Read access to the PVR is available
in supervisor mode only; write access is not provided.

MSB LSB
0 1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field VERSION REVISION
Reset 0000_0000_0000_0010 0000_0000_0010_0000
Addr SPR 287

Figure 3-17. Processor Version Register (PVR)

Table 3-14. Processor Version Register Bit Descriptions

Bits Name Description

0:15 VERSION | A 16-bit number that identifies the version of the PowerPC ISA processor. The RCPU value
is 0x0002.

16:31 REVISION | A 16-bit number that distinguishes between various releases of a particular version. The
RCPU value is 0x0020.

3.9.10 Implementation-Specific SPRs

The MPC561/MPC563 includes several implementasipecific SPRs that are not defined by the
PowerPC ISA architecture. These registers, listéhbie 3-2andTable 3-3 can be accessed by
supervisor-level instructions only.

3.9.10.1 EIE, EID, and NRI Special-Purpose Registers

The RCPU includes three implementation-specific SPRs that facilitate the software manipulation of the
MSR[RI] and MSR[EE] bits: Externahterrupt Enable (EIE), ExteahInterrupt Disable (EID), and
Non-recoverable Interrupt (NRI)sguing the mtspr instruction with onéthese regists as an operand
causes the RI and EE bitslie set or cleared as shownTlable 3-15

Table 3-15. EIE, EID, AND NRI Registers

S'(Dge'c\:lil:nn:l))er Mnemonic | MSR[EE] | MSR[RI]
80 EIE 1 1
81 EID 0 1
82 NRI 0 0

A read (mfspr) of any of these loaatis is treated as an amplemented instruction, salting in a software
emulation exception.
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3.9.10.2 Floating-Point Exception Cause Register (FPECR)

The FPECR, SPR 1022, is a supervisor-level intestadiis and control register used by the user’s
floating-point assist software envelopecontains four status bits thadicate whether the result of the
operation is tiny and whether any of three source opsrare denormalized. In addition, it contains one
control bit to enable or disable SIE mode. Treigister must not be accessed by user code.

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

Field| SIE —

SRESET 0000_0000_0000_0000

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

Field — DNC | DNB |[DNA | TR
SRESET 0000_0000_0000_0000
Addr SPR 1022

Figure 3-18. Floating-Point Exception Cause Register (FPECR)

A listing of FPECR bisettings is shown ifiable 3-16
Table 3-16. FPECR Bit Descriptions

Bits Name Description

0 SIE Synchronized ignore exception mode control bit.
0 Disable SIE mode
1 Enable SIE mode

1:27 — Reserved

28 DNC Source operand C denormalized status bit.
0 Source operand C is not denormalized
1 Source operand C is denormalized

29 DNB Source operand B denormalized status bit.
0 Source operand B is not denormalized
1 Source operand B is denormalized

30 DNA Source operand A denormalized status bit.
0 Source operand A is not denormalized
1 Source operand A is denormalized

31 TR Floating-point tiny result.
0 Floating-point result is not tiny
1 Floating-point result is tiny

NOTE
Software must insert a sync ingttion before reading the FPECR.
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3.9.10.3 Additional Implementation-Specific Registers
Refer to the following sections for details aidd@ional implementation-sp#i registers in the
MPC561/MPC563:

» Section 4.6, “BBC Programming Model

* Section 6.2.2.1.2, “Internal MempMap Register (IMMR)

* Section 11.8, “L2U Programming Model

» Chapter 23, “Development Support

3.10 Instruction Set

All PowerPC ISA instructions are encoded agk words (32 bits) and are consistent among all
instruction types. The fixed instruction length andsistent format simplifyjnstruction pipelining and
permit efficient decoding to occur in parallel with operand accesses.
The PowerPC ISA instructions are died into the following categories:
* Integer instructions, which includ®mputational andlical instructions

— Integer arithmetic instructions

— Integer compare instructions

— Integer logical instructions

— Integer rotate and shift instructions

» Floating-point instructions, whicinclude floating-point computatnal instructions, as well as
instructions that affect the floating-4pb status and control register (FPSCR)

— Floating-point arihmetic instructions
— Floating-point mulply/add instructions
— Floating-point roundingrad conversion instructions
— Floating-point compare instructions
— Floating-point statuand control instructions
» Load/store instructions., which include integed floating-point load and store instructions
— Integer load and store instructions
— Integer load and store multiple instructions
— Floating-point load and store
— Primitives used to construatomic memory operationsyarx and stwcx. instructions)

* Flow control instructions, which include biaring instructions, contion register logical
instructions, trap instructions, and othestmctions that affect the instruction flow

— Branch and trap instructions
— Condition register logical instructions
* Processor control instruche, which are used for synchronizing memory accesses.
— Move to/from SPR instructions
— Move to/from MSR
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— Synchronize
— Instruction synchronize

NOTE

This grouping of the instructions doaot indicate which execution unit
executes a particular instrignt or group of instructions.

Integer instructions operate on bytalf-word, and word operands. Himg-point instructions operate on
single-precision (one word) and double-precisimme(double word) floating-point operands. The
PowerPC ISA architecture uses instions that are four bytes longéword-aligned. It provides for byte,
half-word, and word operand loads and stdretsveen memory and a set of 32 GPRs.

Computational instructions do ntodify memory. To use a memaooperand in a computation and then
modify the same or another memdogation, the memory contents stue loaded into a register,
modified, and then written back to theget location with dtinct instructions.

PowerPC ISA-compliant processorfida the program flow when thegre in the normal execution state.
However, the flow of instructionsan be interrupted directly by theesxition of an instruction or by an
asynchronous event. Either kind oteption may cause ones#veral components thfe system software
to be invoked.

3.10.1 Instruction Set Summary

Table 3-17provides a summary of RCRhktructions. Refer to tHRCPU Reference Manufr a detailed
description of the instruction set.

Table 3-17. Instruction Set Summary

Mnemonic Operand Syntax Name
add (add. addo addo.) rD,rA,rB Add
addc (addc. addco addco.) rD,rA,rB Add Carrying
adde (adde. addeo addeo.) rD,rA,rB Add Extended
addi rD,rA,SIMM Add Immediate
addic rD,rA,SIMM Add Immediate Carrying
addic. rD,rA,SIMM Add Immediate Carrying and Record
addis rD,rA,SIMM Add Immediate Shifted
addme (addme. addmeo addmeo.) rD,rA Add to Minus One Extended
addze (addze. addzeo addzeo.) rD,rA Add to Zero Extended
and (and.) rA,rS,rB AND
andc (andc.) rA,rS,rB AND with Complement
andi. rA,rS,UuiMM AND Immediate
andis. rA,rS,UuiMM AND Immediate Shifted
b (ba bl bla) target_addr Branch
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Table 3-17. Instruction Set Summary (continued)

Mnemonic

Operand Syntax

Name

bc (bca bcl bcla)

BO,Bl,target_addr

Branch Conditional

beetr  (bectrl) BO,BI Branch Conditional to Count Register

bclr  (bclrl) BO,BI Branch Conditional to Link Register

cmp crfD,L,rA,rB Compare

cmpi crfD,L,rA,SIMM Compare Immediate

cmpl crfD,L,rA,rB Compare Logical

cmpli crfD,L,rA,UIMM Compare Logical Immediate

cntlzw  (cntlzw.) rA,rS Count Leading Zeros Word

crand crbD,crbA,crbB Condition Register AND

crandc crbD,crbA, crbB Condition Register AND with Complement

creqv crbD,crbA, crbB Condition Register Equivalent

crnand crbD,crbA,crbB Condition Register NAND

crnor crbD,crbA,crbB Condition Register NOR

cror crbD,crbA,crbB Condition Register OR

crorc crbD,crbA, crbB Condition Register OR with Complement

crxor crbD,crbA,crbB Condition Register XOR

divw (divw. divwo divwo.) rD,rA,IB Divide Word

divwu divwu. divwuo divwuo. rD,rA,rB Divide Word Unsigned

eieio — Enforce In-Order Execution of 1/0

eqv (eqv.) rA,rS,rB Equivalent

extsb (extsb.) rA,rS Extend Sign Byte

extsh (extsh.) rA,rS Extend Sign Half Word

fabs (fabs.) frD,frB Floating Absolute Value

fadd (fadd.) frD,frA,frB Floating Add (Double-Precision)

fadds (fadds.) frD,frA,frB Floating Add Single

fcmpo crfD,frA,frB Floating Compare Ordered

fcmpu crfD,frA,frB Floating Compare Unordered

fetiw  (fetiw.) frD,frB Floating Convert to Integer Word

fctiwz (fctiwz.) frD,frB Floating Convert to Integer Word with Round
Toward Zero

fdiv  (fdiv.) frD,frA,frB Floating Divide (Double-Precision)

fdivs (fdivs.) frD,frA,frB Floating Divide Single

fmadd (fmadd.) frD,frA,frC,frB Floating Multiply-Add (Double-Precision)
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Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name

fmadds (fmadds.) frD,frA,frC,frB Floating Multiply-Add Single

fmr  (fmr.) frD,frB Floating Move Register

fmsub (fmsub.) frD,frA,frC,frB Floating Multiply-Subtract (Double-Precision)

fmsubs (fmsubs.) frD,frA,frC,frB Floating Multiply-Subtract Single

fmul  (fmul.) frD,frA,frC Floating Multiply (Double-Precision)

fmuls  (fmuls.) frD,frA,frC Floating Multiply Single

fnabs (fnabs.) frD,frB Floating Negative Absolute Value

fneg (fneg.) frD,frB Floating Negate

fnmadd (fnmadd.) frD,frA,frC,frB Floating Negative Multiply-Add (Double-
Precision)

fnmadds (fnmadds.) frD,frA,frC,frB Floating Negative Multiply-Add Single

fnmsub (fnmsub.) frD,frA,frC,frB Floating Negative Multiply-Subtract
(Double-Precision)

fnmsubs (fnmsubs.) frD,frA,frC,frB Floating Negative Multiply-Subtract Single

frsp (frsp.) frD,frB Floating Round to Single

fsub (fsub.) frD,frA,frB Floating Subtract (Double-Precision)

fsubs (fsubs.) frD,frA,frB Floating Subtract Single

isync — Instruction Synchronize

Ibz rD,d(rA) Load Byte and Zero

Ibzu rD,d(rA) Load Byte and Zero with Update

Ibzux rD,rA,rB Load Byte and Zero with Update Indexed

Ibzx rD,rA,rB Load Byte and Zero Indexed

Ifd frD,d(rA) Load Floating-Point Double

Ifdu frD,d(rA) Load Floating-Point Double with Update

Ifdux frD,rA,rB Load Floating-Point Double with Update
Indexed

Ifdx frD,rA,rB Load Floating-Point Double Indexed

Ifs frD,d(rA) Load Floating-Point Single

Ifsu frD,d(rA) Load Floating-Point Single with Update

Ifsux frD,rA,rB Load Floating-Point Single with Update Indexed

Ifsx frD,rA,rB Load Floating-Point Single Indexed

Iha rD,d(rA) Load Half-Word Algebraic

Ihau rD,d(rA) Load Half-Word Algebraic with Update

Ihaux rD,rA,rB Load Half-Word Algebraic with Update Indexed
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Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name
Ihax rD,rA,rB Load Half-Word Algebraic Indexed
Ihbrx rD,rA,rB Load Half-Word Byte-Reverse Indexed
Ihz rD,d(rA) Load Half-Word and Zero
Ihzu rD,d(rA) Load Half-Word and Zero with Update
lhzux rD,rA,rB Load Hal-Word and Zero with Update Indexed
lhzx rD,rA,rB Load Half-Word and Zero Indexed
Imw rD,d(rA) Load Multiple Word
Iswi rD,rA,NB Load String Word Immediate
Iswx rD,rA,rB Load String Word Indexed
lwarx rD,rA,rB Load Word and Reserve Indexed
Iwbrx rD,rA,rB Load Word Byte-Reverse Indexed
Iwz rD,d(rA) Load Word and Zero
lwzu rD,d(rA) Load Word and Zero with Update
lwzux rD,rA,rB Load Word and Zero with Update Indexed
lwzx rD,rA,rB Load Word and Zero Indexed
mcrf crfD,crfS Move Condition Register Field
mcrfs crfD,crfS Move to Condition Register from FPSCR
mcrxr crfD Move to Condition Register from XER
mfcr rD Move from Condition Register
mffs (mffs.) frD Move from FPSCR
mfmsr D Move from Machine State Register
mfspr rD,SPR Move from Special Purpose Register
mftb rD, TBR Move from Time Base
mtcrf CRM,rS Move to Condition Register Fields
mtfsbO (mtfsbO0.) crbD Move to FPSCR Bit 0
mtfsbl (mtfsbl.) crbD Move to FPSCR Bit 1
mtfsf (mtfsf.) FM,frB Move to FPSCR Fields
mtfsfi  (mtfsfi.) crfD,IMM Move to FPSCR Field Immediate
mtmsr rs Move to Machine State Register
mtspr SPR,IS Move to Special Purpose Register
mulhw  (mulhw.) rD,rA,rB Multiply High Word
mulhwu  (mulhwu.) rD,rA,rB Multiply High Word Unsigned
mulli rD,rA,SIMM Multiply Low Immediate
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Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name
mullw  (mullw. mullwo mullwo.) rD,rA,rB Multiply Low
nand (nand.) rA,rS,rB NAND
neg (neg. nego nego.) rD,rA Negate
nor (nor.) rA,rS,rB NOR
or (or.) rA,rS,rB OR
orc (orc.) rA,rS,rB OR with Complement
ori rA,rS,uiMM OR Immediate
oris rA,rS,uiMM OR Immediate Shifted
rfi — Return from Interrupt
rlwimi (rlwimi.) rA,rS,SH,MB,ME Rotate Left Word Immediate then Mask Insert
rlwinm (rlwinm.) rA,rS,SH,MB,ME Rotate Left Word Immediate then AND with
Mask
rlwnm  (rlwnm.) rA,rS,rB,MB,ME Rotate Left Word then AND with Mask
sc — System Call
slw  (slw.) rA,rS,rB Shift Left Word
sraw (sraw.) rA,rS,rB Shift Right Algebraic Word
srawi (srawi.) rA,rS,SH Shift Right Algebraic Word Immediate
srw  (srw.) rA,rS,rB Shift Right Word
stb rS,d(rA) Store Byte
stbu rS,d(rA) Store Byte with Update
stbux rS,rA,rB Store Byte with Update Indexed
stbx rS,rA,rB Store Byte Indexed
stfd frS,d(rA) Store Floating-Point Double
stfdu frS,d(rA) Store Floating-Point Double with Update
stfdux frS,rB Store Floating-Point Double with Update
Indexed
stfdx frS,rB Store Floating-Point Double Indexed
stfiwx frS,rB Store Floating-Point as Integer Word Indexed
stfs frS,d(rA) Store Floating-Point Single
stfsu frS,d(rA) Store Floating-Point Single with Update
stfsux frS,rB Store Floating-Point Single with Update Indexed
stfsx frS,r B Store Floating-Point Single Indexed
sth rS,d(rA) Store Half-Word
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Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name
sthbrx rS,rA,rB Store Half-Word Byte-Reverse Indexed
sthu rS,d(rA) Store Half-Word with Update
sthux rS,rA,rB Store Half-Word with Update Indexed
sthx rS,rA,rB Store Half-Word Indexed
stmw rS,d(rA) Store Multiple Word
stswi rS,rA,NB Store String Word Immediate
stswx rS,rA,rB Store String Word Indexed
stw rS,d(rA) Store Word
stwbrx rS,rA,rB Store Word Byte-Reverse Indexed
StwcexX. rS,rA,rB Store Word Conditional Indexed
stwu rS,d(rA) Store Word with Update
stwux rS,rA,rB Store Word with Update Indexed
stwx rS,rA,rB Store Word Indexed
subf (subf. subfo subfo.) rD,rA,rB Subtract From
subfc (subfc. subfco subfco.) rD,rA,rB Subtract from Carrying
subfe (subfe. subfeo subfeo.) rD,rA,IB Subtract from Extended
subfic rD,rA,SIMM Subtract from Immediate Carrying
subfme (subfme. subfmeo subfmeo.) rD,rA Subtract from Minus One Extended
subfze (subfze. subfzeo subfzeo.) rD,rA Subtract from Zero Extended
sync — Synchronize
tw TO,rA,rB Trap Word
twi TO,rA,SIMM Trap Word Immediate
xor (xor.) rA,rS,rB XOR
Xori rA,rS,uiMM XOR Immediate
Xoris rA,rS,uiMM XOR Immediate Shifted

Note: The dot (.) suffix on a mnemonic indicates that the CR register update is enabled. The o suffix on a mnemonic indicates
that the overflow bit update in the XER is enabled.

3.10.2

To simplify assembly language coding, a set of adtive mnemonics is provided for some frequently
used operations (such as no-op, load immediate dddiess, move register, and complement register).

Recommended Simplified Mnemonics
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For a complete list of simplified mnemonics, seeRI@PU Reference ManudPrograms written to be
portable across the various assemblers for the FREVESA architecture shouftbt assume the existence
of mnemonics not described in that manual.

3.10.3 Calculating Effective Addresses

The effective address (EA) isetl32-bit address computed by the processor when executing a memory
access or branch instruction or whettléng the next sequential instruction.

The PowerPC ISA architecture suppdvie simple memory addressing modes:
* EA =(rA|0) + 16-bit offset (including offset 0) (register indirectvith immediate index)
* EA =(rA|0) + rB (registr indirect with index)

These simple addressing modes akdficient address generation for memory accesses. Calculation of the
effective address for aligned traesf occurs in a single clock cycle.

For a memory access instruction, if the sum ofetifective address and the operand length exceeds the
maximum effective address, the storage operarahsidered to wrap around from the maximum effective
address to effective address 0.

Effective address computations for both datd mstruction accesses use 32-bit unsigned binary
arithmetic. A carry fronbit O is ignored in 32-bit implementations.

3.11 Exception Model

The PowerPC ISA exception mechanism allows the procésshange to supervisetate as a result of
external signals, errors, or unusuahditions that arise in the executiohinstructions. When exceptions
occur, information about the state of the processsaved to certain registermd the processor begins
execution at an address (exceptictor) predetermined for eachception. Processing of exceptions
occurs in supervisor mode.

Although multiple exception conditions can map toreka exception vector,raore specific condition
may be determined by examining gister associated with the extiep — for examplethe DAE/source
instruction service register (DSISRdditionally, some ezeption conditions can lexplicitly enabled or
disabled by software.

The PowerPC ISA architecture requitdat exceptions be taken irogram order; therefore, although a
particular implementation may recogeiexception conditions out of orddrey are handled strictly in
order with respect to the instruction stream. Waeinstruction-caused exception is recognized, any
unexecuted instructions that appeanrlier in the instructiostream, including any thaaive not yet entered
the execute state, are required to complete b#ierexception is taken. For example, if a single
instruction encounters multiple exateon conditions, those exceptiong é@ken and handled sequentially.
Likewise, exceptions that are asynchronous and grecesrecognized when they occur, but are not
handled until all instructions currently in the exiecstage successfully complete execution and report
their results.
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Note that exceptions can occurilghan exception handler routineggecuting, and multiple exceptions
can become nested. It is up to the exception handsavithe appropriate machistate if it is desired
that control be returned to the excepting program.

In many cases, after the exception handler hardliescception, there is an attempt to execute the
instruction that caused the exceptibrstruction executionontinues until the nexaxception condition is
encountered. This method of recognizing and handiogption conditions sequigally guarantees that
the machine state is recoverable and processingesume without losing instruction results.

To prevent the loss of state information, exception leadhust save the information stored in SRRO and
SRR1 soon after the exception is tak@prevent this information from by lost due to another exception
being taken.

3.11.1 Exception Classes

The RCPU exception classes are showraiple 3-18
Table 3-18. RCPU Exception Classes

Class Exception Type
Asynchronous, unordered Machine check
System reset
Asynchronous, ordered External interrupt
Decrementer
Synchronous (ordered, precise) Instruction-caused exceptions

3.11.2 Ordered Exceptions

In the RCPU, all exceptions except for resebutpport non-maskable intepts, and machine check
exceptions are ordered. Ordd exceptions satistye following criteria:

* Only one exception is reported at a time. If, dgample, a single instruction encounters multiple
exception conditions, those condits are encountered sequentiafter the exception handler
handles an exception, instruction execution ioo@s until the nexéxception condition is
encountered.

* When the exception is taken, no program state is lost.

3.11.3 Unordered Exceptions

Unordered exceptions may be repdréd any time and are not guaesd to preserve program state
information. The processor can newecover from a reset exceptioncén recover from other unordered
exceptions in most cases. However, if a debugmmrimaskable interrupt or machine check exception
occurs during the servicing of agwious exception, the machine staiformation in SRR0O and SRR1
(and, in some cases, the DAR and OB&ay not be recoverable; thepessor may be in the process of
saving or restoring these registers.

To determine whether the machine state is recoverthigl®| (recoverable exception) bit in SRR1 can be
read. During exception processing, the RI bit mMSR is copied to SRRANnd then cleared. The
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operating system should seetRI bit in the MSR at the end of éaexception handler’s prologue (after
saving the program state) and clear the bit asti#e of each exception handler’s epilogue (before
restoring the program state). Thé@mgn unordered exceptn occurs during the secing of an exception
handler, the RI bit in SRR1 Wtontain the correct value.

3.11.4 Precise Exceptions

In the RCPU, all synchronous (instruction-caused)eptions are precise. When a precise exception
occurs, the processor backs the nmaehip to the instruction causing teception. This ensures that the
machine is in its correct architecally-defined state. The following oditions exist at the point a precise
exception occurs:

1. Architecturally, no instruction following the faulg instruction in the code stream has begun
execution.

2. Allinstructions preceding the faulting instrustiappear to have completed with respect to the
executing processor.

3. SRRO addresses either the instruction capigie exception or the immediately following
instruction. Which instruction is addressed camétrmined from the exception type and the
status bits.

4. Depending on the type of exception, the irttam causing the excépn may not have begun
execution, may have partially comfdd, or may have completed execution.

3.11.5 Exception Vector Table

The setting of the exception prefiP) bit in the MSR determines haaxceptions are vectored. If the bit
is cleared, the exception vector tabégins at the physical address 0x0000Q if IP is set, the exception
vector table begins #te physical address OxFFFO 0008ble 3-19shows the exceptiorector offset of
the first instruction of the exceptionrudler routine for each exception type.

NOTE

In the MPC561/MPC563, the exceptitable can additionally be relocated
by the BBC module to internal memagd reduce the totsize required by
the exception table (s&ction 4.3, “Exception Table Relocation (ETR)

Table 3-19. Exception Vector Offset Table

Vect(c;];()?)f fset Exception Type Section
00000 Reserved —
00100 System reset, NMI interrupt Section 3.15.4.1, “System Reset Exception and NMI (0x0100)”
00200 Machine Check Section 3.15.4.2, “Machine Check Exception (0x0200)”
00300 Data Storage Section 3.15.4.3, “Data Storage Exception (0x0300)”
00400 Reserved Instruction Storage®
00500 External Interrupt Section 3.15.4.5, “External Interrupt (0x0500)”
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Table 3-19. Exception Vector Offset Table (continued)

Vector Offset . .
(hex) Exception Type Section
00600 Alignment Section 3.15.4.6, “Alignment Exception (0x00600)”
00700 Program Section 3.15.4.7, “Program Exception (0x0700)”
00800 Floating-Point Unavailable Section 3.15.4.8, “Floating-Point Unavailable Exception
(0x0800)”
00900 Decrementer Section 3.15.4.9, “Decrementer Exception (0x0900)”
00A00 Reserved —
00B0O Reserved —
00C00 System call Section 3.15.4.10, “System Call Exception (0x0C00)”
00D00 Trace. Section 3.15.4.11, “Trace Exception (0x0D00)”
0OEOO Floating-Point Assist Section 3.15.4.12, “Floating-Point Assist Exception (0OXxOE00)”
01000 Implementation-Dependent Section 3.15.4.13, “Implementation-Dependent Software
Software Emulation Emulation Exception (0x1000)”
01100 Reserved —
01200 Reserved —
01300 Implementation-Dependent Section 3.15.4.14, “Implementation-Dependent Instruction
Instruction Protection Exception (0x1300)”
Protection Exception
01400 Implementation-Dependent Data | Section 3.15.4.15, “Implementation-Specific Data Protection
Protection Error Error Exception (0x1400)”
01500-01BFF Reserved —
01Co00 Implementation-Dependent Section 3.15.4.16, “Implementation-Dependent Debug
Data Breakpoint Exceptions”
01D00 Implementation-Dependent Section 3.15.4.16, “Implementation-Dependent Debug
Instruction Breakpoint Exceptions”
01EOQ0 Implementation-Dependent Section 3.15.4.16, “Implementation-Dependent Debug
Maskable Exceptions”
External Breakpoint
01F00 Implementation-Dependent Section 3.15.4.16, “Implementation-Dependent Debug
Non-Maskable External Breakpoint Exceptions”

1 This exception will not be generated by hardware.

3.12 Instruction Timing

The RCPU processor is pipelined. Beaatle processing of an instructiotieken into a sees of stages,
an instruction does not requiresthrocessor’s full resources.
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The instruction pipeline in the MPC561/MPC563 has four stages:

1. The dispatch stage is implemented usingstriduted mechanism. The central dispatch unit
broadcasts the instruction to all units. tddion, scoreboard information (regarding data
dependencies) is broadcast to each executionkegh execution unit decodes the instruction. If
the instruction is not implemented, a program eioaps taken. If the instiction is legal and no
data dependency is foundetimstruction is acceptdyy the appropriate exeg¢on unit, and the data
found in the destination register is copied t® tistory buffer. If a da dependency exists, the
machine is stalled until the dependency is resolved.

2. Inthe execute stage, each exem unit that has an executablstimiction executethe instruction.
(For some instructions, theecurs over multiple cycles.)

3. Inthe writeback stage, the exaoatunit writes the result to the stenation register and reports to
the history buffer that the instruction is completed.

4. In the retirement stagihe history buffer retires instructionsanchitectural orde An instruction
retires from the machine if it completes exémutwvith no exceptions and if all instructions
preceding it in the instructionream have finished execution witle exceptions. As many as Six
instructions can be retired in one clock.

The history buffer maintains the coctarchitectural machestate. An exceptias taken only when the
instruction is ready to be retired from the macHiree, after all previouslysisued instructions have
already been retired from the machine). Whemaseption is taken, all structions following the
excepting instruction are canceled,.(itbe values of the affected destion registers are restored using
the values saved in the histdayffer during the dispatch stage).

Figure 3-19shows basic instruction pipeline timing.

DECODE

READ AND EXECUTE

BRANCH EXECUTE

Figure 3-19. Basic Instruction Pipeline

Table 3-20indicates the latency and blockage each type of instruction. Latency refers to the interval
from the time an instruction begins execution unfiriidduces a result that is available for use by a
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subsequent instruction. Blockage reftershe interval from the time anstruction begins execution until
its execution unit is available for a subsequent instruction.

NOTE

When the blockage equals the latentig not possible to issue another
instruction to the same unit in the saayele in which the first instruction

is being written back.

Table 3-20. Instruction Latency and Blockage

Instruction Type Precision Latency Blockage
Floating-point Double 7 7
multiply-add Single 6 6
Floating-point Double 4 4
add or subtract Single 4 4
Floating-point multiply Double 5 5
Single 4 4
Floating-point divide Double 17 17
Single 10 10
Integer multiply — 2 1or2!
Integer divide — 2to 11t 2to 11!
Integer load/store — See note! See note!

1 Refer to Section 7, “Instruction Timing.” in the RCPU Reference Manual

(RCPURM/AD) for details.

3.13 User Instruction Set Architecture (UISA)

3.13.1 Computation Modes

The RCPU is a 32-bit implementation of the Powel8& architecture. Any reference in the PowerPC
ISA architecture books (UISA, VEA, OEA) regard 64-bit implementations are not supported by the

core. All registers except the floagj-point registers are 32 bits wide.

3.13.2 Reserved Fields

Reserved fields in instructions are described vttt specific instruction definition sections. Unless
otherwise noted, reserved fieldsosild be written with a zero when itten and return a zero when read.
Thus, this type of invalid form instructions yieldsudts of the defined instruons with the appropriate

field zero.

In most cases, the reserved fidlisegisters are ignorexh write and return zerdsr them on read on any
control register impleméed by the MPC561/MPC563. Exception testtule are bits [16:23] of the
fixed-point exception causegister (XER) and the reserved mfdhe machine state register (MSR),
which are set by the source value on write @tdrn the value last set for it on read.
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3.13.3 Classes of Instructions

Non-optional instructions are ptemented by the hardware. Optibmestructions are executed by
implementation-dependent code amy attempt to execute one of these commands causes the RCPU to
take the implementation-dependent software enaunanterrupt (offset 0x01000 of the vector table).

lllegal and reserved instructiorasks instructions are supported byiementation- dependent code and,
thus, the RCPU hardware generates the implementdgpendent software emtibn interrupt. Invalid
and preferred instruction forms treatment byR@&PU is described undtre specific processor
compliance sections.

3.13.4 Exceptions

Invocation of the system softwai@ any instruction-caused exceptiortie RCPU is precise, regardless
of the type and setting.

3.13.5 Branch Processor
The RCPU implements all¢hnstructions defined for the branclopessor in the UISA in the hardware.

3.13.6 Instruction Fetching

The core fetches a number of instrans into its internal buffer (thiastruction pre-fetie queue) prior to
execution. If a programmodifies the instructions it intends éaecute, it should call a system library
program to ensure that the modifioats have been made visibletke instruction fetching mechanism
prior to execution of the modified instructions.

3.13.7 Branch Instructions

The core implements all the instructions definetitie branch processor byetbJISA in the hardware.
For performance of variousstructions, refer tdable 3-20of this manual.

3.13.7.1 Invalid Branch Instruction Forms

Bits marked with z in the B@&ncoding definition are discardbg the MPC561/MPC563 decoding. Thus,
these types of invalid form instructis yield results of the defined insttions with the z-bit zero. If the
decrement and test CTR option is specified for thertordbcctrl instructions, the target address of the
branch is the new value of the CTR. Condition igleated correctly, including the value of the counter
after decrement.

3.13.7.2 Branch Prediction

The core uses the y bit to predict path fa-fatch. Prediction is only done for not-ready branch
conditions. No predictiors done for branches to thakior count register if therget address is not ready.
Refer to th(RCPU Reference Manuédonditional branch control) for more information.
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3.13.8.1

Central Processing Unit

Fixed-Point Processor

Fixed-Point Instructions

The core implements the following instructions:
* Fixed-point arithmetic instructions
» Fixed-point compare instructions
» Fixed-point trap instructions
» Fixed-point logical instructions
» Fixed-point rotate and shift instructions
* Move to/from system register instructions

All instructions are defirgfor the fixed-point proasor in the UISA in the mdware. For performance of
the various instructions, refer Table 3-20

— Move To/From System Register Instructionsowd to/from invalid speaal registers in which

3.13.9

3.13.9.1

SPRO = 1 yields invocation of tipgivilege instruction error inteupt handler if the processor
is in problem state. For a list of alhplemented special registers, refeiftdble 3-2 and
Table 3-3

Fixed-Point Arithmetic Instructions. If an att@t is made to perform any of the divisions in
the divw[0][.] instruction (0x8000000¥/-1, <anything>YyO0), then the contents of rD are
0x80000000; if Rc =1, the contentshofs in CR field O are LE 1, GT =0, EQ =0, and SO is
set to the correct value. If an attempt is miadeerform any of the digions in the divw[o0][.]
instruction, <anything>yO0. In cmpi, cmp, cmpli, and cmplgtructions, the L-bit is applicable
for 64-bit implementations. In 38 implementations, if L = 1 #hinstruction form is invalid.
The core ignores this bit and therefore, the biemavhen L = 1 is identical to the valid form
instruction with L =0

Floating-Point Processor

General

The RCPU implements all floating-puaifeatures as defined in tidSA, including the non-IEEE working
mode. Some features requeaftware assistance. For more information refer tarRGEU Reference
Manual (Floating-point Load Instructions).

3.13.9.2

Optional Instructions

The only optional instruction impleented by RCPU hardware is stdlieating-point as integer word
indexed (stfiwx). An attempt to execute anfi@toptional instruction causes an implementation
dependent softwammulation exception.

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 3-41



Central Processing Unit

3.13.10 Load/Store Processor

The load/store processor supports all of the 3&viptementation fixed-point PowerPC ISA load/store
instructions in the hardware.

3.13.10.1 Fixed-Point Load with Update and Store with Update Instructions

For load with update and store with update instructiaen rA = 0, the EA is written into RO. For load
with update instructions, when rArD, rA is boundedly undefined.

3.13.10.2 Fixed-Point Load and Store Multiple Instructions

For these types of instructions, EA must be a mulopleur. If it is not,the system alignment error
handler is invoked. For a Imw instrumti (if rA is in the range of regists to be loaded), the instruction
completes normally. rA is then load&#dm the memory location as follows:

rA m MEM(EA+(rA-rD)*4, 4)

3.13.10.3 Fixed-Point Load String Instructions

Load string instructions behave the same as loadpteulbstructions, with respect to invalid format in
which rA is in the range of registers to be locdd&/hen rA is in range, is updated from memaory.
3.13.10.4 Storage Synchronization Instructions

For these type of instructions, EA stlbe a multiple of foulf it is not, the systeralignment error handler
is invoked.

3.13.10.5 Floating-Point Load and Store With Update Instructions

For Load and Store with updatestructions, if rD = 0 then the EA is written into RO.

3.13.10.6 Floating-Point Load Single Instructions

When the operand falls in the range of a single dealized number, the floatg-point assist interrupt
handler is invoked.

Refer to th(RCPU Reference Manuéfloating-point Assist For Denoralized Operands) for complete
description of handling denorieed floating-point numbers.

3.13.10.7 Floating-Point Store Single Instructions

When the operand falls in the range of a single dealiwad number, the floatg-point assist interrupt
handler is invoked.

When the operand is ZERO it is converted todbweect signed ZERO inrggle-precision format.

When the operand is between the range of single dexti@ed and double denormalized it is considered
a programming error. The hardware will handle dase as if the operand was single denormalized.
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When the operand falls in the range of double denoredlhumbers it is consded a programming error.
The hardware will handle thissaas if the operand was ZERO.

The following check is done on ts&ored operand in order to detémewhether it is a denormalized
single-precision operand and invoke the tilog-point assist interrupt handler:

(frS[1:11] Z0) AND (frS[1:11] G96) Eqgn. 3-1
Refer to th(RCPU Reference Manuéfloating-Point Assist for Denormalized Operands) for complete
description of handling denorieed floating-point numbers.
3.13.10.8 Optional Instructions

No optional instructions are supported.

3.14 Virtual Environment Architecture (VEA)

3.14.1 Atomic Update Primitives

Both the Iwarx and stwcx instructions are impémed according to the PowerPC ISA architecture
requirements. The MPC561/MPC563 does not prosigmort for snooping an external bus activity
outside the chip. The provision is deto cancel the reservatioside the MPC561/MPC563 by using the
CRand KRinput signals. Internal busase snooped for RCPU accessas] the reservation mechanism
can be used for multitasgingle master applications.

3.14.2 Effect of Operand Placement on Performance

The load/store unit hardware supports all ofRlogverPC ISA load/storestructions. An optimal
performance is obtained for naturally aligned operankese accesses resulbptimal performance (one
bus cycle) for up to four bytes in size and gpedormance (two bus cycles) for double precision
floating-point operands. Unaligned operands are supborteardware and are broken into a series of
aligned transfers. The effect oferand placement on performance istased in the VEA, except for the
case of 8-byte operands. In thaseasince the RCPU uses a 32-bdewlata bus, the performance is good
rather than optimal.

3.14.3 Storage Control Instructions

The RCPU does not implement the éoling cache control instructionshic¢ dcbt, dcbi, dof, dcbz, dcbst,
and dcbtst .

3.14.4 Instruction Synchronize (isync) Instruction

The isync instruction causes a reflediich waits for all prior instructions to complete and then executes
the next sequential instruction. Any instruction aftersgnc will see all effest of prior instructions.
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3.14.5 Enforce In-Order Execution of I/O (eieio) Instruction

When executing an eieio instruction, the load/storié will wait until all previous accesses have
terminated before issuing cycles associated wal/ktore instructions following the eieio instruction.
3.14.6 Time Base

A description of the time Is& register may be found@hapter 6, “System Comfuration and Protectigh
and inChapter 8, “Clocks and Power Contfol

3.15 Operating Environment Architecture (OEA)

The MPC561/MPC563 has an interna@mory space that includes memoapped control registers and
internal memory used by various modules on the chi. miemory is part of the main memory as seen
by the RCPU and can be accessed by an external system master.

3.15.1 Branch Processor Registers

3.15.1.1 Machine State Register (MSR)

The floating-point exception mode anting in the RCPU is as shownTable 3-21
Table 3-21. Floating-Point Exception Mode Encoding

Mode FEO FE1
Ignore exceptions 0 0
Precise 0 1
Precise 1 0
Precise 1 1

The SF bit is reserved set to zero. The IP bit irstate after reset is se$ programmed by the reset
configuration as specifigloly the USIU characteristics.

3.15.1.2 Branch Processors Instructions

The RCPU implements all¢hnstructions defined for the branclopessor in the UISA in the hardware.

3.15.2 Fixed-Point Processor

3.15.2.1 Special Purpose Registers

» Unsupported Registers — The following regristare not supportdry the MPC561/MPC563:
SDR, EAR, IBATOU, IBATOL, IBAT1U, IBAT1L, IBAT2U, IBAT2L, IBAT3U, IBAT3L,
DBATOU, DBATOL, DBAT1U, DBAT1L, DBAT2L, DBAT3U, DBAT3L.

» Added Registers — For astiof added special purpmsegisters, refer tbable 3-2 andTable 3-3
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3.15.3 Storage Control Instructions

Storage control instructions mtsr,snh, mfsr, mfsrin, dcbi, tibie, tla, and tlbsync anot implemented
by the MPC561/MPC563.

3.15.4 Exceptions

The following paragraphs define the types of OE&eptions. The exceptiorbla vector defines the
offset value by exception type. ReferTable 3-19

3.15.4.1 System Reset Exception and NMI (0x0100)

A system reset exception occurs when:
* Any reset signal is asserted: PORESHRESET or SRESET
* Aninternal reset is requested, suashfrom the dtware watchdog timer

Settings caused by reset as showhahle 3-22
Table 3-22. Settings Caused by Reset

Register Setting

MSR IP depends on internal data bus configuration word; ME is unchanged.
DCMPEN is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMPY]). All other bits are cleared

SRRO Undefined

SRR1 Undefined

FPECR 0x0000 0000

ICTRL 0x0000 0000

LCTRL1 0x0000 0000

LCTRL2 0x0000 0000

COUNTA[16:31] 0x0000 0000

COUNTBJ16:31] 0x0000 0000

A non-maskable interrupt (MI) occurs when the IRQis asserted and the following registers are set.
Table 3-23. Register Settings following an NMI

Register Name Bits Description
Save/Restore Register 0 (SRRO)1 All Set to the effective address of the next instruction the
processor executes if no interrupt conditions are present
Save/Restore Register 1 (SRR1) 1:4 Cleared to 0
10:15 Cleared to 0
Other Loaded from bits [16:31] of MSR. In the current

implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSRJ[RI]
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Table 3-23. Register Settings following an NMI (continued)

Register Name Bits Description
Machine State Register (MSR) P No change
ME No change
LE Bit is copied from ILE

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])

Other Clearedto 0

1 If the RCPU is in decompression on mode, SRRO will contain a compressed address.

Execution begins at physicaddress 0x0100 if the hard reset ogunfation word IP bit is cleared to O.
Execution begins at physicaddress OxFFFO 0100 if the hard resetfiguration word IP bit is set to 1.

3.15.4.2 Machine Check Exception (0x0200)

A machine-check exception is assumed teadngsed by one of the following conditions:

 The accessed address does not exist.
* A data error was detected.
* A storage protection violation waletected by chip-select logic.
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When a machine-check exception occurs, the processor does one of the following:

» Takes a machine check exception;

* Enters the checkstop state; or

* Enters debug mode.
Which action is taken depends oe thalue of the MSR[ME] bit, wheer or not debug mode was enabled
at reset, and (if debug mode is eledpthe values of the CHSTPHgrkstop enable) and MCIE (machine
check enable) bits in the loieg enable register (DERlable 3-24summarizes the possibilities. When the

processor is in the checkstop state, instructiocgssing is suspended and cannot be restarted without
resetting the core.

Table 3-24. Machine Check Exception Processor Actions

MSR[ME] Detél:]g;tl)\f:de CHSTPE MCIE Action Performed when Exception Detected
0 0 X X Enter checkstop state
1 0 X X Branch to machine-check exception handler
0 1 0 X Enter checkstop state
0 1 1 X Enter debug mode
1 1 X 0 Branch to machine-check exception handler
1 1 X 1 Enter debug mode

An indication is sent to the USIU which may generan automatic reset in this condition. Refer to
Chapter 7, “Resgtfor more details.

The register settings for machkicheck exceptions are shownlable 3-25

Table 3-25. Register Settings following a Machine Check Exception

Register Name Bits Description
Save/Restore Register 0 (SRRO)1 All Set to the effective address of the instruction that caused the
interrupt
Save/Restore Register 1 (SRR1) 0? MSRO
1 Set to 1 for instruction fetch-related errors and O for

load/store-related errors

2:4 Clearedto 0
5:9 2 MSR[5:9]
10:15 Clearedto 0
16:31 2 Loaded from bits [16:31] of MSR. In the current

implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI]
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Table 3-25. Register Settings following a Machine Check Exception (continued)

Register Name Bits Description
Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])

Other Cleared to 0
Data/Storage Interrupt Status 0:14 Cleared to 0
Register (DSISR)3 : : — ,
15:16 Set to bits [29:30] of the instruction if X-form and to 0b0O if
D-form
17 Set to bit 25 of the instruction if X-form and to Bit 5 if D-form
18:21 Set to hits [21:24] of the instruction if X-form and to bits [1:4] if
D-form
22:31 Set to bits [6:15] of the instruction
Data Address Register (DAR)® All Set to the effective address of the data access that caused the
interrupt

1 Ifthe exception occurs due to a data error caused by a Load/Store instruction and the processor in Decompression

On mode, the SRRO register will contain the address of the Load/Store instruction in compressed format. If the
exception occurs due to an instruction fetch in Decompression On mode, the SRRO register will contain an
indeterminate value.

2 This bit is loaded from the corresponding bit in the MSR when an interrupt is taken. The appropriate bit in MSR is
loaded from this bit when an RFI is executed.

3 DSISR and DAR registers are only updated when the machine check exception is caused by a data access violation.

when a machine check exception is taken, insom@xecution resumes at offset 0x0200 from the base
address indicated by MSR[IP].

3.15.4.3 Data Storage Exception (0x0300)

A data storage exception is never generated by the RURJsoftware may branch to this location as a
result of implementation-specific @astorage protection error exception.

3.15.4.4 Instruction Storage Exception (0x0400)

An instruction storage interrupt mever generated by them RCPUeToftware may branch to this
location as a result of an ingrhentation-specific instructionosage protection error exception.

3.15.4.5 External Interrupt (0x0500)

The external interrupt exception is taken assertion of the internal IR@e to the RCPU, that is driven
by on-chip interrupt controller. The interrupt mag caused by the assertion of an external $R@al, by
a USIU timer, or by an inteah chip peripheral. Refer t8ection 6.1.4, “Enhanced Interrupt Contragller
for more information on the interrupt controller.
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The interrupt may be delayed byhet higher priority exceptions ortiie MSR[EE] bit is cleared when
the exception occurs. MSR[EE] istamatically cleared by hardwareddsable external interrupts when
any exception is taken.

Upon detecting an external interrugite processor assigns it to the instimn at the head of the history
buffer (after retiring all instruadns that are ready to retire).

The enhanced interrupt controller modavsilable for interrupt-dven applications on
MPC561/MPC563. It allows the sirggexternal interrupt exception vec0x500 to be split into up to 48
different vectors corresponding to #errupt sources to speed up intgrrprocessing. It also supports a
low priority source maskg feature in hardware to handiested interruptsiore easily. SeBection 6.1.4,
“Enhanced Interrupt Controllgrand Chapter 4, “Burst Buffer Controller 2 Module

The register settings for the extatmterrupt exception are shownTable 3-26
Table 3-26. Register Settings following External Interrupt

Register Bits Setting Description

Save/Restore Register 0 (SRRO)l All Set to the effective address of the instruction that the processor would
have attempted to execute next if no interrupt conditions were present.

Save/Restore Register 1 (SRR1) [0:15] |Clearedto O

[16:31] |Loaded from bits [16:31] of MSR. In the current implementation, bit 30
of the SRR1 is never cleared, except by loading a zero value from
MSR[RI]

Machine State Register (MSR) P No change

ME No change

LE Set to value of ILE bit prior to the exception

DCMPE | This bit is set according to (BBCMCR[EN_COMP] AND
N BBCMCR[EXC_COMP])

Other |Clearedto 0

1 Ifthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain an

address in compressed format.

When an external interrupt is taken, instruceéxecution resumes at offset 0x00500 from the physical
base address indicated by MSR[IP].

3.15.4.6  Alignment Exception (0x00600)

The following conditions caesan alignment exception:
» The operand of a floating-point load siore instruction is not word-aligned.
» The operand of a load or store lifple instruction is not word-aligned.
» The operand of lwarx or stwcx. is not word-aligned.

Alignment exceptions use the SRR@ERR1 to save the machine stand the DSISR to determine the
source of the exception.

The register settings for ghment exceptions are shownTiable 3-27
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Table 3-27. Register Settings for Alignment Exception

Register Bits Setting Description
Save/Restore Register 0 (SRRO)1 Set to the effective address of the instruction that caused the
exception.
Save/Restore Register 1 (SRR1) [0:15] Cleared to O
[16:31] Loaded from bits [16:31] of MSR. In the current

implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSRJ[RI]

Machine State Register (MSR) P No change
ME No change
LE Set to value of ILE bit prior to the exception

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMPY])

Other Cleared to O
Data/Storage Interrupt Status [0:11] Cleared to 0
Register (DSISR)
[12:13] Cleared to O
14 Cleared to 0
[15:16] For instructions that use register indirect with index addressing,

set to bits [29:30] of the instruction.
For instructions that use register indirect with immediate index
addressing, cleared.

17 For instructions that use register indirect with index addressing,
set to bit 25 of the instruction.

For instructions that use register indirect with immediate index
addressing, set to bit 5 of the instruction.

[18:21] For instructions that use register indirect with index addressing,
set to bits [21:24] of the instruction.

For instructions that use register indirect with immediate index
addressing, set to bits [1:4] of the instruction.

[22:26] Set to bits [6:10] (source or destination) of the instruction.

[27:31] Set to bits [11:15] of the instruction (rA). Set to either bits
[11:15] of the instruction or to any register number not in the
range of registers loaded by a valid form instruction, for Imw,
Iswi, and Iswx instructions. Otherwise undefined.

1 Ifthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.
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NOTE

For load or store instructions thade register indirect with index
addressing, the DSISR can be set testdrae value that would have resulted
if the corresponding instruction uses stgr indirect withmmediate index
addressing had caused the exception. Silpifar load or store instructions
that use register indirect with mrediate index addresmg, DSISR can hold
a value that would havesulted from an instruction that uses register
indirect with index addsssing. (If there is ncorresponding instruction, no
alternative value can be specified.)

When an alignment exception is taken, instructracution resumes at offset 0x00600 from the physical
base address indicated by MSR[IP].

3.15.4.7 Program Exception (0x0700)

A program exception occurs when nglineér priority exception existsxd one or more of the following
exception conditions, which correspondibsettings in SRR1, occur dng execution of an instruction:

System floating-point enabled exception — Atgyn floating-point enabled exception is
generated when the following condition is meaassult of a move to FPSCR instruction, move
to MSR (mtmsr) instruction, or ratufrom interrupt(rfi) instruction:

(MSR[FEOQ] | MSR[FEL1]) and- FPSCR[FEX] = 1.

Notice that in the RCPU implementation of theM@dPC ISA architecture, a program interrupt is

not generated by a floating-poitithmetic instruction that rekis in the condition shown above;

a floating-point assist exp#on is generated instead.

Privileged instruction — A privédged instruction type programaption is generated by any of

the following conditions:

— The execution of a privilegedstruction (mfmsr, mtmsr, or rfiy attempted and the processor
is operating at the user pilege level (MSR[PR] = 1).

— The execution of mtspr or spr where SPRO = 1 in the ingttion encoding (indicating a
supervisor-access register) aM8R[PR] = 1 (indicating the proseor is operating at the user
privilege level), provided the SPR ingttion field encoding represents either:

— a valid internal-to-the-prossor special-purpesregister; or

— an external-to-the-processor specialgose register (either valid or invalid).

Trap — A trap type program exd&m is generated when any okthonditions specified in a trap
instruction is met.

The register settings for pragn exceptions are shownTable 3-28
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Table 3-28. Register Settings following Program Exception
Register Bits Setting Description
Save/Restore Register 0 (SRRO)1 All Contains the effective address of the excepting instruction
Save/Restore Register 1 (SRRl)2 [0:10] Cleared to 0
11 Set for a floating-point enabled program exception; otherwise
cleared.
12 Cleared to O.
13 Set for a privileged instruction program exception; otherwise
cleared.
14 Set for a trap program exception; otherwise cleared.
15 Cleared to 0 if SRRO contains the address of the instruction
causing the exception, and set if SRRO contains the address of
a subsequent instruction.

[16:31] Loaded from bits [16:31] of MSR. In the current
implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI].

Machine State Register (MSR) IP No change
ME No change
LE Set to value of ILE bit prior to the exception
DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])
Other Cleared to 0

1
compressed address.

2 Only one of bits 11, 13, and 14 can be set.

When a program exception is taken, instruction etx@cuesumes at offset 0x0760m the physical base

address indicated by MSR[IP].

If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a

3.15.4.8 Floating-Point Unavailable Exception (0x0800)

A floating-point unavailable excepti occurs when no higher priorityaption exists, an attempt is made
to execute a floating-point instruati (including floatingpoint load, store, and mowestructions), and the

floating-point available bit in thBISR is disabled, (MSR[FP] = 0).

Table 3-29. Register Settings following a Floating-Point Unavailable Exception

Register Bits Setting Description
Save/Restore Register 0 (SRRO)1 All Set to the effective address of the instruction that caused the
exception.
Save/Restore Register 1 (SRR1) [0:15] Cleared to O
[16:31] Loaded from MSR[16:31]
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Table 3-29. Register Settings following a Floating-Point Unavailable Exception (continued)

Register Bits Setting Description
Machine State Register (MSR) P No change
ME No change
LE Set to value of ILE bit prior to the exception

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])

Other Clearedto 0

1 If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a

compressed address.

3.15.4.9 Decrementer Exception (0x0900)

A decrementer exception occurs when no higher pyiesception exists, the decrementer register has
completed decrementing, and MSR[EE]. The decrementer excepti@yuest is canceled when the
exception is handled. Theaementer register counts down, cagsan exception (unless masked) when
passing through zero. The decearter implementation meetse following requirements:

» Loading a GPR from the decremantiees not affect the decrementer.

» Storing a GPR value to the decremter replaces the value in thedementer with the value in the
GPR.

* Whenever bit 0 of the decrementer changes frern to one, an exception request is signaled. If
multiple decrementer exception requests areivedebefore the firstan be reported, only one
exception is reported. The occurrence dearementer exception cancels the request.

» If the decrementer is altered by software artiD is changed from zetto one, an interrupt
request is signaled.

The register settings for thecrementer exception are showable 3-30

Table 3-30. Register Settings Following a Decrementer Exception

Register Bits Setting Description

Save/Restore Register 0 (SRR0)! All Setto the effective address of the instruction that the processor
would have attempted to execute next if no exception
conditions were present.

Save/Restore Register 1 (SRR1) [0:15] Cleared to O
[16:31] Loaded from MSR[16:31]
Machine State Register (MSR) IP No change
ME No change
LE Set to value of ILE bit prior to the exception

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])

Other Cleared to O
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1 Ifthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a

compressed address.

When a decrementer exception is taken, insoaaxecution resumes at @tx0900 from the physical
base address indicated by MSR][IP].

3.15.4.10 System Call Exception (0x0CO00)

A system call exception occurs wharsystem call instruction is exged. The effective address of the
instruction following the sc instruction is placedo SRRO. MSR[16:31] are placed into SRR1[16:31],
and SRR1[0:15] are set to undefined valUd®n a system call egption is generated.

The system call instruction is context synchrargziThat is, when a system call exception occurs,
instruction dispatch is halted anatfollowing synchronization is performed:

1. The exception mechanism waits for all instructionsxecution to complete to a point where they
report all exceptions they will cause.

2. The processor ensures that atinctions in execution completetire context in which they began
execution.

3. Instructions dispatched after the exceptigorexessed are fetched and executed in the context
established by the exception mechanism.

Register settings are shownTable 3-31
Table 3-31. Register Settings following a System Call Exception

Register Setting Description
Save/Restore Register 0 (SRR0)! All Set to the effective address of the instruction following the
System Call instruction
Save/Restore Register 1 (SRR1) [0:15] Undefined
[16:31] Loaded from MSR[16:31]
Machine State Register (MSR) IP No change
ME No change
LE Set to value of ILE bit prior to the exception
DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMPY])
Other Cleared to O

1 Ifthe exception occurs during a data access in Decompression On mode, the SRRO register will contain the address

of the Load/Store instruction in compressed format. If the exception occurs during an instruction fetch in
decompression on mode, the SRRO register will contain an indeterminate value.

When a system call excegiti is taken, instruction exution resumes at offsgt00C00 from the physical
base address indicated by MSR][IP].
3.15.4.11 Trace Exception (0x0DO0O0)

A trace interrupt occurs if MSR[SE] = 1 and angtmiction except rfi is successfully completed or
MSR[BE]= 1 and a branch is compldtéNotice that the trace interrugdes not occur after an instruction
that caused an interrupt (for instance, sc). Mofdebugger software must change the vectors of other
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possible interrupt addresses to singfiep such instructions. If this unacceptable, other debug features
can be used. Refer @hapter 23, “Development Suppdifor more information. Se€able 3-32or Trace
Exception register settings.

Table 3-32. Register Settings following a Trace Exception

Register Name Bits Description
Save/Restore Register 0 (SRRO)1 All Set to the effective address of the instruction following the
executed instruction
Save/Restore Register 1 (SRR1) 1:4 Clearedto O
10:15 Clearedto 0
Other Loaded from bits [16:31] of MSR. In the current

implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSRJ[RI]

Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])

Other Cleared to O

1 If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.

Execution resumes at offset 0xODOO frtm base addressdicated by MSR]IP].

3.15.4.12 Floating-Point Assist Exception (Ox0EQQ)

A floating point assist exg#ion occurs when the fallving conditions are true:
* A floating-point enabled expé&ion condition is detected,;

» The corresponding floating-point enable bithe FPSCR (floating point status and control
register) is set (exception enabled); and

« MSR[FEO] | MSR[FE1] = 1
These conditions are summarizadhe following equation:
(MSR[FEOQ] | MSR[FE1]) AND FPSCR[FEX] =1

Note that when ((MSR[FEO] | MSRE1]) AND FPSCR[FEX)]) is set agasult of move to FPSCR, move
to MSR or rfi, a program exception is genedatather than a floating-point assist exception.

A floating point assist exception aleocurs when a tiny result is deted and the floating point underflow
exception is disabled (FPSCR[UE] = 0).

The register settings for floating-piassist exceptions are shownrable 3-33
Table 3-33. Register Settings following Floating-Point Assist Exceptions

Register Name Bits Description

Save/Restore Register 0 (SRRO)1 All Set to the effective address of the instruction that caused the
interrupt
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Table 3-33. Register Settings following Floating-Point Assist Exceptions

Register Name Bits Description
Save/Restore Register 1 (SRR1) 1:4 Cleared to O
10:15 Clearedto O
Other Loaded from bits [16:31] of MSR. In the current

implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSRJ[RI]

Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])

Other Clearedto O

If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.

1

When a floating-point exception is taken, instroigtexecution resumes at offset OXOEOO from the base
address indicated by MSRJIP].

3.15.4.13 Implementation-Dependent Software Emulation Exception (0x1000)

An implementation-dependent sefire emulation exception occursthe following instances:

* When executing any non-implemedt@struction. This includeall illegal andunimplemented
optional instructions and dlbating-point instructions.

* When executing a mtspr or mfspr ingtiion that specifies an un-implemented
internal-to-the-processor SPR, regasdlef the value of bit O of the SPR.

* When executing a mtspr or mfspr that spesifi@ un-implemented extel-to-the-processor
register and SPRO = 0 or MSR[PRD=no program interrupt condition).

Table 3-34shows the register settings set whesoftware emulation exception occurs.

Table 3-34. Register Settings following a Software Emulation Exception

Register Name Bits Description
Save/Restore Register 0 (SRRO)1 All Set to the effective address of the instruction that caused the
interrupt
Save/Restore Register 1 (SRR1) 1:4 Cleared to O
10:15 Cleared to 0
Other Loaded from bits [16:31] of MSR. In the current
implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI].
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Table 3-34. Register Settings following a Software Emulation Exception

Register Name Bits Description
Machine State Register (MSR) P No change
ME No change
LE Bit is copied from ILE
DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])
Other Clearedto O

1 If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a

compressed address.

Execution resumes at offset 0x01000 fribra base address indicated by MSR[IP].

3.15.4.14 Implementation-Dependent Instruction Protection Exception (0x1300)

The implementation-specific instrimh storage protection error interrugtcurs in the following cases:
* The fetch access violates sige protection and MSR[IR] = 1.
» The fetch access is to gdad storage and MSRJIR] = 1.

The register settings for instrumti protection exceptions are showmnrable 3-35

Table 3-35. Register Settings following an Instruction Protection Exception

Register Name Bits Description
Save/Restore Register 0 (SRR0)! All Set to the effective address of the instruction that caused the
exception
Save/Restore Register 1 (SRR1) 0:2 Cleared to O
3 Set to 1 if the fetch access was to a guarded storage when
MSRJ[IR] = 1, otherwise clear to 0
4 Set to 1 if the storage access is not permitted by the protection
mechanism (IMPU in BBC) and MSRJ[IR] = 1; otherwise clear
to0
5:15 Cleared to 0
16:31 Loaded from bits [16:31] of MSR. In the current
implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[IR]
Machine State Register (MSR) IP No change
ME No change
LE Bit is copied from ILE
DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMP])
Other Clearedto O
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1 Ifthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain an

indeterminate value.
Execution resumes at offset 0x1300 frtma base address indicated by MSR[IP].

3.15.4.15 Implementation-Specific Data Protection Error Exception (0x1400)

The implementation-specific thaprotection error exception occurs in the following case:

» The data access violates thaerage protection and MSR[DR]=1. S€ékapter 11, “L-Bus to U-Bus
Interface (L2UY
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SeeTable 3-36for data-protection-error egption register settings.

Table 3-36. Register Settings Following a Data Protection Error Exception

Register Name Bits Description
Save/Restore Register 0 (SRRO)1 All Set to the effective address of the instruction that caused the
exception
Save/Restore Register 1 (SRR1) 0:15 Cleared to 0
Other Loaded from bits [16:31] of MSR. In the current

implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSRJ[RI]

Machine State Register (MSR) P No change
ME No change
LE Bit is copied from ILE

DCMPEN This bit is set according to (BBCMCR[EN_COMP] AND
BBCMCR[EXC_COMPY])

Other Cleared to 0
Data/Storage Interrupt Status 0:3 Cleared to 0
Register (DSISR) - ) - .
4 Set to 1 if the storage access is not permitted by the protection
mechanism. Otherwise cleared to 0
5 Cleared to 0
6 Set to 1 for a store operation and cleared to 0 for a load
operation
7:31 Cleared to 0
Data Address Register (DAR) All Set to the effective address of the data access that caused the
exception

1 If the exception occurs during a data access in Decompression On mode, the SRRO register will contain the address
of the Load/Store instruction in compressed format.

When a data protection error extiep is taken, instruction executioesumes at offset 0x1400 from the
base address indicated by MSR][IP].

3.15.4.16 Implementation-Dependent Debug Exceptions

Implementation-dependent debug excadioccur in the following cases:

* When there is an internal breakpaimatch (for more details, refer @hapter 23, “Development
Support”

* When a peripheral breakpoint reguies asserted to the RCPU.

* When the development port requesasserted to the RCPU. RefeiGbapter 23, “Development
Support” for details on how to generatige development port-interrupt request.

SeeTable 3-37for debug-exceptioregister settings.
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Table 3-37. Register Settings Following a Debug Exception

Register Name Bits Description
Save/Restore Register 0 (SRRO)1 All For I-breakpoints, set to the effective address of the instruction
that caused the interrupt. For L-breakpoint, set to the effective
address of the instruction following the instruction that caused
the interrupt. For development port maskable request or a
peripheral breakpoint, set to the effective address of the
instruction that the processor would have executed next if no
interrupt conditions were present. If the development port
request is asserted at reset, the value of SRRO is undefined.
Save/Restore Register 1 (SRR1) 1:4 Cleared to 0

10:15 |[Clearedto O

Other |Loaded from bits [16:31] of MSR. In the current
implementation, bit 30 of the SRR1 is never cleared, except by
loading a zero value from MSR[RI].
If the development port request is asserted at reset, the value
of SRR1 is undefined.

Machine State Register (MSR) 1P No change
ME No change
LE Bit is copied from ILE
DCMPE | This bit is set according to (BBCMCR[EN_COMP] AND
N BBCMCR[EXC_COMP])
Other |Clearedto 0

1 Ifthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain
the instruction address in compressed format.

For data breakpoint exceptions, the register showlie 3-38is set.

Table 3-38. Register Settings for Data Breakpoint Match

Register Name

Bits

Description

BAR

Set to the effective address of the data access as computed by
the instruction that caused the interrupt

Execution resumes at offset from the baddress indicated by MSR[IP] as follows:
* 0x01CO00 — For data breakpoint match
* 0x01D00 - For instruction breakpoint match
e 0x01EOQO0 — For development port maskable request or a peripheral breakpoint
e 0x01FO00 — For development port non-maskable request

3.15.5 Partially Executed Instructions

In general, the architecture permits instructions tpdv&ally executed when an alignment or data storage
interrupt occurs. In the core, instructions are necesed at all if an ajnment interrupt condition is
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detected and data storage interrupt is never geeby the hardware. In the RCPU, the instruction can
be partially executed only in the case of the loatéststructions that cause multiple accesses to the
memory subsystem. These instructions are:

* Multiple/string instructions
* Unaligned load/store instructions

In the last case, the store instrootcan be partially compled if one of the accesséexcept the first one)
causes the data storage protecéoor. The implementation-specifictdastorage protection interrupt is
taken in this case. For the update forthe,update register (rA) is not altered.

3.15.6 Timer Facilities

Descriptions of the timebase anaddEmenter registers can be foundimapter 6, “System Configuration
and Protectiosi and inChapter 8, “Clocks and Power Conttol

3.15.7 Optional Facilities and Instructions

Any other OEA optional facilities and instructiofexcept those that are discussed here) are not
implemented by the RCPU hardware. Attempting tecee any of these instructions causes an
implementation dependent softwanmaulation interrupt to be taken.
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Chapter 4
Burst Buffer Controller 2 Module

The burst buffer controller module (BBC) consist$aafr main functional past the bus interface unit
(BIU), the instruction memory prettion unit (IMPU), branch target daf (BTB) and the instruction code
decompressor unit (ICDU). SE@ure 4-1 Information about decompressif@atures of the BBC is found
in Appendix A, “MPC562/MPG64 Compression Featurés

The BBC master Bllinterfaces between the RCPWiruction port and the inteal U-bus and can support
burstable and non-busedile U-bus accesses.

The IMPU allows the instruction memory to b&ided into four regions with different protection
attributes. The IMPU compares the attributes oREB&U memory access requesth the attributes of
the appropriate region. If the access is allowed, thpeprsignals are sent to the BIU. If access to the
memory region is disallowed because the regiondtepted, an interrupt isseto the RCPU and the
master BIU cancels U-bus access.

The IMPU is able to relocatedfiRCPU exception vectors. The IMRWvays maps the exception vectors
into the internal memory space of the GB61/MPC563. This feature is important for a
multi-MPC561/MPC563 system, whemdthough the internal memorie$ some controllers are not
shifted to the lower 4 Mbytes, thegn still have theiown internal exception vemt tables with the same
exception addresses issued by their RCPU cores.

The IMPU also supports an MBE&1/MPC563-enhanced imtapt controller by extending an exception
vector’s relocation mechanism to translate the RE€Rigrnal interrupt exception vector separately and
splitting it into 48 different vectors, correspondinghe code generated by the interrupt controller. See
alsoSection 6.1.4.4, “Enhanced Intept Controller Operatiah

The branch target buffer (BTB) improves fhexrformance of the MB561/MPC563 by holding and
supplying previously accesser decompressed instructions te RCPU core. The BTB can be enabled
in either decompression on or off mode.

The ICDU provides decompressedtimictions to RCPU in the deconegsion ON mode and contains a 2
Kbyte RAM (DECRAM) to hold decompression vocadmigs. The DECRAM can serve as a general
purpose RAM memory on the U-buscibde compression is not used.
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Figure 4-1. BBC Module Block Diagram

4.1 Key Features

4.1.1 BIU Key Features

» Supports pipelined and burstable and singlesses to internal and external memories
* Supports the decoupled interfaceéwine RCPU instruction unit
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4.1.3

Burst Buffer Controller 2 Module

Implements a parked master on the U-bus, resyili zero clock delayfor RCPU fetch accesses
to the U-bus

Fully utilizes the U-bupipeline for fetch accesses

Avoids undesirable delays throughight interface with the L2lthodule (fully utilizing U-bus
bandwidth and back-to-back accesses)

Supports program trace and show cycles
Supports a special attribute for debug port fetch accesses.

IMPU Key Features

There are four regions in which thase address and size can be programmed.

Available region sizes include 2 Kbytes, 8 Kdwyit16 Kbytes, 32 Kbytes, 64 Kbytes, 128 Kbytes,
256 Kbytes, 512 Kbytes, 1 Mbyte, 2 Mbytddylbytes, 8 Mbytes, 16 Mbytes....4 Gbytes.

Overlap between regions is allowed.

Each of the four regions supp®the following attributes:

— User/supervisor

— Guard attribute (causes an interruptase of speculative fetch attempt)
— Compressed/non-compressed (MPC562/MPC564 only)

— Regions are enabled or disabled in software.

Global region entry declares the default accdsibattes for all memory areas not covered by the
four regions:

The RCPU gets the instruction sige protection exception generated upon

— An access violation gbrotection attributes

— A fetch from a guarded region.

The RCPU MSRJIR] bit antrols IMPU protection.

Programming is performed by using the RCPUpmitafspr instructions to/from implementation

specific speciapurpose registers.

The IMPU supplies relocation addresses of aldgkceptions within the internal memory space.
The IMPU implements externalterrupt vector splitting to rede the external interrupt latency.

There is a special reset exception vetodecompression on mode (MPC562/MPC564 only).

ICDU Key Features

The following are instruction code decompresaunit key features of the MPC562/MPC564. See
Appendix A, “MPC562/MPC564 Compression Featlifes more information.

Instruction code on-line dempression based on “insttion classes” algorithm.

No need for address translation between cosgaeand non-compresseftieess spaces — ICDU
provides “next instruction address” to the RCPU

In most cases, instruction decompression takes one clock
Code decompression is pipelined:
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— No performance penalty duringggeential program flow execution
— Minimal performance penalty due ¢thange of program flow execution

» Two operation modes are available: decompoessn and decompression off. Switch between
compressed and non-compressed useragijan software parts is possible.

* Adaptive vocabularies schemesigpported; each user appglion can have its own optimum
vocabularies.

4.1.4 DECRAM Key Features

» 2 Kbytes RAM for decomqgssion vocabulary tables

» 2 clock read/write accesses whesed as a U-bus general-purpose RAM
» 4 clock load/store accesses from the L-bus

» Byte, half-word (16-bit) or word32-bit) read/writeaccesses and fetches
* Special access protection functions

* Low-power standby operation for data retention

4.1.5 Branch Target Buffer Key Features

» Consists of eight “branch targetteas” (BTE). Each entry contains:
— A 32-bit register that stores the targehddtorical change of flow (COF) address

— Four RAM entries, 38 bits eaclvhich hold up to four valid instruction OPCODES (32 bits).
The six extra bits are used by ICDU in decompression on mode.

— A 32-bit register that stores the values usedalculate the address following the last valid
instruction.

* FIFO removal policy managementimsplemented for the eight BTES
» Software-controlled BTB enable/disable and invalidate
» User transparent (that is, no user management is required)

4.2  Operation Modes

4.2.1 Instruction Fetch

The BBC provides two instructionttdn modes: decompression afidtcdecompression omhe operational
modes are defined by RCPU MSR[DCMPEN] bitthé bit is set, the mode is decompression on.
Otherwise, it is in decompression off.

42.1.1 Decompression Off Mode

In this mode, the BBC bus interface unit (BIU) maatransfers fetch accesses from the RCPU to the
U-bus. When a new access is issued by the RCPUydnisferred in parallel to both the IMPU and the
BIU. The IMPU compares the adhs of the access to its region programming. The BIU checks if the
access can be immediately transferred to the Udihsrwise it requests thé-bus for the next clock.
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The BIU may be programmed for Istaible or non-burstable accel$she BIU is programmed for
burstable access, the U-bus address phase transaamompanied by the burgtquest attribute. If
burstable access is allowed by the U-bus slaveBltldecontinues current access as burstable, otherwise
current access is executed as a single access; ffratection violation is detected by the IMPU, the
current U-bus access is aborted by the Bild an exception is signaled to the RCPU.

Show cycle, program trace andodg port access attributascompanying the RCPU access are forwarded
by the BIU along with the U-bus access.

4.2.1.2 Decompression On Mode

SeeAppendix A, “MPC562/MPC564L£ompression Featurefor explanation of the decompression on
mode.

4.2.2 Burst Operation of the BBC

The BBC may initiate and handberst accesses on the U-bus. The BBERJBE] bit determines whether
the BBC operates burst cyclesnot. Burst requests are enabled wiinenBE bit is set. The BBC handles
non-wrap-around bursts with up taldta beats on the internal U-bus.

NOTE

The burst operation in the MPC561/MB83 is useful if a user system
implements burstable memory deviagsthe external bus. Otherwise the
mode will cause performar degradation when running code from external
memory.

When the RCPU runs in serializeade it is recommended that bursts be
disabled by the BBC to spd up MPC561/MPC563 operation.

Burst operation for decompression on and in debug mode is disabled
regardless of BBCMCRJ[BE] bit setting.

The BBC burst should be turned offlife USIU burst feature is enabled.

4.2.3 Access Violation Detection

Instruction memory protection is assigned on aaegji basis. Default operation of IMPU is done on a
global region. The IMPU has contr@gisters which contain the follamg information: region protection
on/off, region base addi®ssize and access permissions.

Protection logic is activated onifythe RCPU MSR][IR] bit is set.

During each fetch requesbin the RCPU core to instruction memadhe address is compared to a value
in the region base address of enabled regiong.adldress matching theesfic region within its
appropriate size as defined in the regidritatte register sets a match indication.

When more than one match indication occurs, thec¥fe region is the region with the highest priority.
Priority is determined bgegion number. The lowestgion number has the highesiority and the global
region has lowest priority.
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When no match happens, the effeetregion is the global region.

The region attribute registers comt#éine region protection fields: PP,a8dCMPR. The protection fields

are compared to address attribugssied by the RCPU. If the access is permitted, the address is passed to
the BIU and further to the U-bus.

Whenever the IMPU detects accessafion, the following actions are taken:

1. The request forwarded to the BIU is canceled
2. The RCPU is informed that the requested @sklcaused an access violaty exception request.

However, if the required addresantains a show cycle attributeetBIU delivers the access onto the
U-bus to obtain program tracking.

The exception vector (address) that the RCPUes$or this exception has a 0x1300 offset in the RCPU
exception vector table. The accessation status is proded in the RCPU SRR1eapal purpose register.
The encoding of the status bits is as follows:

* SRR1[1]=0

* SRR1 [3] = Guarded storage

* SRR1 [4] = Protected storagr compression violation

e SRR1[10]=0

Only one bit is set at a time.

4.2.4 Slave Operation

The BBC is operating as a U-bus slave when theUMegisters, decommsor RAM (DECRAM) or
ICDU registers are accessed frora th-bus. The IMPU register pranming is done using PowerPC ISA
mtspr/mfspr instructions. The 0IJ configuration registers (DCCRahd DECRAM are mapped into the
chip memory space and accessed by load/steteictions. DCCR anBECRAM accesses may be
disabled by BBCMCR[DCAE]. Refer t8ection 4.6.2.1, “BBC Modul€onfiguration Register
(BBCMCR).”

4.2.5 Reset Behavior

Upon soft reset, the BBC switches to an idleestatd all pending U-bus asses are ignored, the ICDU
internal queue is flusheahd the IMPU switches to a disabledtstwhere all memory space is accessible
for both user and supervisor.

Hard reset sets some of the fields and bits in the B&@iguration registers tineir default reset state.
Some bits in the BBCMCR reger get their values frothe reset configuration word.

All the registers are reset using HRESSRESETalone has no effect on them.

MPC561/MPC563 Reference Manual, Rev. 1.2

4-6 Freescale Semiconductor



Burst Buffer Controller 2 Module

NOTE

Because HRESETesets the EN_COMP bit and the EXC_COMP bit but
SRESETdoes not, there may be diféert behavior between HRESERd
SRESETwhen both EN_COMP and EXC_CONMire set. Special care must
be taken to ensure operation in a knawode whenever reset occurs. The
reset states of these bits are deteeah by reset configuration words. The
location of the reset vectts dependent on the valwf the MSRJ[IP] bit in
the RCPU. If MSR[IP] is set, the exatéon table relocatin feature can be
used. Se&ection 4.3.1, “ETR Operatidh

4.2.6 Debug Operation Mode

When the MPC561/MPC563 RCPU core is in debugle) the BBC initiates non-burstable access to the
debug port and ICDU is bypassed (i.e., instructicarssimitted to the debug ponust be non-compressed
regardless of RCPU MSR[DCMPEN] bit state).

4.3  Exception Table Relocation (ETR)

The BBC is able to relocate theogption addresses of the RCPU. Télecation featuralways maps the
exception addresses into the intemaimory space of the MPC561/MPC563. Bgire 4-2 This feature
is important in multi-MPG61/MPC563 systems, where, although themory map in some was shifted
to not be on the lower 4 Mbytes, their RCPU coresstidiraccess their own expton handlers in their
internal Flash in spite of several RUOs issuing the same exception addresses.

The relocation also saves wasted space betweesxtieption table entries in the case where each
exception entry contained only a bramestruction to the exception rbe, which is located elsewhere.

The exception vector table may be programmed todsed in four places in the MPC561/MPC563
internal memory space.

The exception table relocation is supported in bi@ompression on and decompression off operation
modes.

The RESET routine vector is relocated differentlg@compression on anddecompression off modes.
This feature may be used by a software code cessppn tool to guarantéleat a vocabulary table
initialization routine is abays executed before apgation code is running.
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Figure 4-2. Exception Table Entries Mapping

4.3.1 ETR Operation

The exception vectors generated by the RCPU are 0x166 apart from each other, starting at address
0x0000 0100 or OxFFFO 0100, depending on the value of MSRJIP] bit in the RCPU.

If the exception table relocationdssabled by the ETRE bit in tiBBCMCR register, ta BBC transfers
the exception fetch address to théus of the MPC561/MPC563 with ndénference. In this case, normal
PowerPC ISA exception addressing is implemented.

If the exception table relocation is enabled, tBBranslates the exception vector into the exception
relocation address as shownTable 4-1 At that location, a branch imgttion with absolute addressing
(ba) must be placed. Each ba instruction braacb the required exception routine. These branch
instructions should be successive in that region ofmong That way, a table dfranch instructions is
implemented. Executing the branch mstion causes the core to brameite until it gets to the exception
routine.

Each exception relocation table entry occupieswerds to support decompression on mode, where a
branch instruction can be more thz bits long. The brandible can be located four locations in the
internal memory, the location isfiteed by BBCMCR[OERC] as shown ifable 4-2
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NOTE

The 8 Kbytes allocated for the origifPowerPC ISA exception table can be
almost fully utilized. This is pasble if the MPG61/MPC563 system
memory isnot mapped to the exception addyrepace, (i.e., the addresses
OxFFFO 0000 to OXFFFO 1FFF are not used).

In such case, these 8 Kbytes can be fully utilized by the compiler, except
for the lower 64 words (256 bytes) which are dedicated for the branch
instructions.

If the RCPU, while executing an exdiEm, issues any address between two
successive exceptionteies (e.g., OxFFF0 0104), then the operation of the
MPC561/MPC563 is not guarantei the ETR is enabled.
In order to activate the exception table relmrafeature, the following steps are required:
1. Setthe RCPU MSR][IP] bit
2. Set the BBCMCR[ETRE] bit. Segection 4.6.2.1, “BBC Module @hfiguration Register
(BBCMCR),” for programming details.
The ETR feature can be activated from reset, bingatbrresponding bits in the reset configuration word.

Table 4-1. Exception Addresses Mapping

Original Address Issues by Mapped Address by Exception Table

Name of Exception Core Relocation Logic

Reserved

OxFFFO 0000

Page_Offset+0x000

System Reset

OxFFFO 0100

Compression disabled

Compression enabled

Page_Offset'+0x08

Page_Offset'+0x0B8

Machine Check

OxFFFO 0200

Page_Offset+0x010

Reserved

OxFFFO 0300

Page_Offset+0x018

Reserved

OxFFFO 0400

Page_Offset+0x020

External Interrupt?

OxFFFO 0500

Page_Offset+0x028

Alignment

OxFFFO 0600

Page_Offset+0x030

Program

OxFFFO 0700

Page_Offset+0x038

Floating Point unavailable

OxFFFO 0800

Page_Offset+0x040

Decrementer OxFFFO0 0900 Page_Offset+0x048
Reserved OxFFFO OA00 Page_Offset+0x050
Reserved OxFFFO 0BOO Page_Offset+0x058
System Call OxFFFO 0C00 Page_Offset+0x060
Trace OxFFFO 0D0OO Page_Offset+0x068

Floating Point Assist

OxFFFO OEOO

Page_Offset+0x070

Implementation Dependent
Software Emulation

OxFFFO 1000

Page_Offset+0x080

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 4-1. Exception Addresses Mapping (continued)

Name of Exception Original Address Issues by Mapped Address _by Exce_ptlon Table
Core Relocation Logic

Implementation Dependent OxFFFO 1300 Page_Offset+0x098
Instruction Storage
Protection Error
Implementation Dependent OxFFFO 1400 Page_Offset+0x0A0
Data Storage Protection
Error
Implementation Dependent OxFFFO 1C00 Page_Offset+Ox0EO
Data Breakpoint
Implementation Dependent OxOFFF 1D00 Page_Offset+0x0E8
Instruction Breakpoint
Implementation Dependent OxFFFO 1E00 Page_Offset+0x0FO0
Maskable External
Breakpoint
Non-Maskable External OxFFFO 1F00 Page_Offset+0x0F8
Breakpoint

1 Refer to Table 4-2.
2 0x500 is remapped if the EEIR feature is enabled. See Section 4.3.2, “Enhanced External Interrupt Relocation

(EEIR).”
Table 4-2. Exception Relocation Page Offset

BBCMCR(OERC]0:1]) Page Offset Comments

0 0 0x0 + ISB offset? 0

0 1 0x1 0000 + ISB offset 64 Kbytes2

1 0 0x8 0000 + ISB offset 512 Kbytes

1 1 0x3F E000 + ISB offset L-bus (CALRAM)

Address

1 ISB offset is equal 4M * ISB (0x400000 * ISB), where ISB is value of bit field in USIU IMMR register.
2 This offset is different from the MPC555.

4.3.2 Enhanced External Interrupt Relocation (EEIR)

The BBC also supports the enhaneaternal interrupt model of ¢MPC561/MPC563 which allows the
removal of the interrupt griesting a source detection stage fthminterrupt routine. The interrupt
controller provides the inteupt vector to the BBGogether with an interrupequest to the RCPU. When
the RCPU acknowledges an interrugjuest, it issues an external imtept vector tahe BBC. The BBC
logic detects this address and eags it with another address cop@sding to the interrupt controller
vector, which is defined by the highest priority migt request from a periphal module or external
interrupt request pin. Séegure 4-3

The external interrupt relocation table should lze@dl at the physical addretfined in the external
interrupt relocation table base address registerS8eeon 4.6.2.5, “External Interrupt Relocation Table

MPC561/MPC563 Reference Manual, Rev. 1.2
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Base Address Register (EIBADRYhis is the base addiesf a branch table. Sé&able 6-4and
Figure 4-3
Each table entry must contain a lrarmbsolute (ba) instruction to the first instruction of an interrupt

service routine. Each table gnticcupies two words (eight by)a® support decompression on mode,
where a branch instructionrcée more than 32 bits long.

The memory space allocated for the external intenalptation table is up to 2 Kbytes. If part of the
external interrupt relocation tabdatry is not used, it may bellited for another purpose such as
instruction code space or data space.

In order to activate the external interrudboation feature, the following steps are required:

1. Program the EIBADR register to the extenmérrupt branch table base address. See
Section 4.6.2.5, “External Interrupt Relocatiteible Base Address Register (EIBADR)

2. Set the MSR][IP] bit.

3. Set the BBCMCRIEIR] bit. Se®ection 4.6.2.1, “BBC Module @figuration Register
(BBCMCR),” for programming details.

NOTE

If both the enhanced external irgpt relocation and exception table
relocation functions are activated sinaméously, the final external interrupt
vector is defined by EEIR mechanism.

When the EEIR function is activatecdhyabranch instruction execution with
the OxXFFFO 0500 target addressynsause unpredictable program
execution.

MPC561/MPC563 Reference Manual, Rev. 1.2
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Internal Memory Structure
A

EIBADR Branch absolute to handler
Branch absolute to handler

Branch absolute to handler

Branch absolute to handler

External Interrupt
Vector Relocator

(EIBADR)

o

(@]

g\ External %)
a e
o} Interrupt Interrupt 2
£ . P Vector 000 g
S 0x500| Relocation Table Offset °
S Base Address ©
2 2
@ o
= =

Interrupt Code
from Interrupt
Controller

A///l \\A\"
External Interrupt Handlers Table

Branch absolute to handler

Main code can start here

Figure 4-3. External Interrupt Vectors Splitting

4.4  Decompressor RAM (DECRAM) Functionality

Decompressor RAM (DECRAM) is a gaf the ICDU. It occupies 2-Kbyte physicaRAM array block.
It is mapped both in the ICDU inteahaddress space and in the chipmoey address space. It is a single
port memory and may not be accessed kanaously from the ICDU and U-bus.

MPC561/MPC563 Reference Manual, Rev. 1.2
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U-bus Data @ ‘ U-bus Address
Slave BIU
ICDU
Vocabulary Table (VT1) Vocabulary Table (VT2)
Array (1 Kbyte) Array (1 Kbyte)
DECRAM
VT1 Data VT2 Data
VT1 Address VT2 Address
ICDU Control Logic

Figure 4-4. DECRAM Interfaces Block Diagram

4.4.1 General-Purpose Memory Operation

In the case of decompression off mode, the DECRAaM serve as a two-clock access general-purpose
RAM for U-bus instruction fetches or four-clock assdor read/write data opions. The base address
of the DECRAM is 0x2F 8000. Séegure 4-6 The proper access rights to the DECRAM array may be
defined by programming the R, D, aBdits of the BBCMCR register:

* Read/write or read only
» Instruction/data or data only
» Supervisor/user or supervisor only

MPC561/MPC563 Reference Manual, Rev. 1.2
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U-bus access mode of the RAM is actachby the BBCMCR[DCAE] bit setting (s&ection 4.6.2.1,
“BBC Module Configurabn Register (BBCMCR). In this mode the DECRM can be accessed from
the U-bus and cannot be accessed by the ICDU logic.
In this mode:

» The DECRAM supports wordhalf-word and byte operations.

« The DECRAM is emulated to be 32 bits wider Egample: a load access from offset 0 in the
DECRAM will deliver the concatextion of the first word in each of the DECRAM banks when
RAM 1 contains the 16 LSB of theord and RAM 2 contains the 16 MSB.

» Load accesses at any width are sigapWith 32 bits of valid data.

 The DECRAM communicates witihe U-bus pipeline but does maipport pipelined accesses to
itself. If a store operain is second in the U-byspe, the store is carriemut immediately and the
U-bus acknowledgment erformed when the previous teattion in the pipe completes.

» Burst access is not supported.

NOTE
Instructions running from the DEG® should not also perform store

operations to the DECRAM.
4411 Memory Protection Violations

The DECRAM module does not acknowleddidus accesses that violate tonfiguration defined in the
BBCMCR. This causes the machinesck exception for the internal RC or an error condition for the
MPC561/MPC563 external master.

4.4.1.2 DECRAM Standby Operation Mode

The bus interface and DECRAMatrol logic are powered byph supply. The memory array is supplied
by a separate power pin (IRAMSTBY).

4.5 Branch Target Buffer

The burst buffer controller contains a branch tabgeter (BTB) to reduce the impact of branches on
processor performance. Following is a summary of the BTB features:

+ Software controlled BTB enablagdble, inhibit, and invalidate
» User transparent — no user management required

The BTB consists of eight branch target entries (BTE). Refeigtare 4-5 All entries are managed as a
fully associative cache. Each entry containggeatad several data buffers related to this tag.

45.1 BTB Operation

When the RCPU generates a chaofjfow (COF) address for instruction fetch, the BTB control logic
compares it to the tag values currently stored itetyeegister file where tHellowing events can happen:

MPC561/MPC563 Reference Manual, Rev. 1.2
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 BTE Miss — The target address andtmction code data will bestd in one of the BTE entries
defined by its control logic. U four instructions and themorresponding addresses subsequent
to the COF target instruction may be savedaicheBTE entry. The number of valid instructions
currently stored in the BTE entiywritten into the VDC field ofhe current BTE entry. The valid
flag is set at the end of thisocess. The entry to be replaagmbn miss is chosdrmased on FIFO
replacement method. Thus the BTB can support @igtat different branch target addresses in a
program loop.
* BTE Hit — When the target address of a bramaiches one of the valid BTE entries, two
activities take place in parallel:
— The BTB supplies all the valid instruetis in the matched entry to the RCPU.
— The BIU starts to prefetch new instructidiasid ICDU decompresses them in compressed
mode) from the address following the last instircthat is stored in the matched BTB entry.
The BBC will supply these new instructions to the RCPU after all the stored instructions in the

matched BTB entry were delivered.

In case of a BTB hit, the impact mistruction decompression latency ompressed mode) is eliminated
as well as a latency of imgttion storage memory device.

MPC561/MPC563 Reference Manual, Rev. 1.2
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BTE TAG Register File BTE Memory Array
J 32-bit
Instruction
Address
Tag Register/Cpmparator ‘77,,\\‘ Hit
Next Address | vDC | Vl—i// Instruction Buffers
Tag Register/CPmparator T\ i |
Next Address ‘ VDC ‘ V}—i,,,/ Instruction Buffers
Tag Register/Chbmparator ‘— I Hit L
Next Address ‘ vDC ‘ V}—i,/ Instruction Buffers

Tag Register/dSmparator
Next Address | VDC ‘ V}i J Instruction Buffers

T
)
T
[

Tag Register/Chmparator
Next Address |VDC | VI* 4 Instruction Buffers

]
_/
v |

Tag Register/C‘Smparator
Next Address ! VDC !

Instruction Buffers

<

TTITIT

Tag Register/dSmparator

Hit . .
Next Address ‘ VDC ‘ > Instruction Buffers
Tag Register/CBmparator \\\ Hit - N )
Next Address ‘ VDC ‘ v Y, [ Instruction Buffers
N S
| BTB Hit

Figure 4-5. BTB Block Diagram

4511 BTB Invalidation
Write access to any BBC special purposgister invalidates all BTB entries.

NOTE

To guarantee that the BTd®es not contain instruotis that may have been
changed, the BTB contents shouldifealidated anyiime instruction
memory is modified.

45.1.2 BTB Enabling/Disabling
The BTB operation may be enabled or disablegiogramming the BTEE bit in the BBCMCR register.

45.1.3 BTB Inhibit Regions

The BTB operation may be inhibited regarding sangnory regions. The BTB caching is inhibited for
a region if the BTBINH bit is set in the region attrie register (or global regn attribute register). See

MPC561/MPC563 Reference Manual, Rev. 1.2

4-16 Freescale Semiconductor



Burst Buffer Controller 2 Module

Section 4.6.2.3, “Region AttribatRegisters (Ml_RA[0:3]j and Section 4.6.2.4, “Global Region
Attribute Register (MI_GRA)for details.

4.6 BBC Programming Model

4.6.1 Address Map

The BBC consists of three sepahateddressable sections withiretnternal chip address space:

1. BBC and IMPU control registers. These ar&pped in the SPR registers area and may be
programmed by using the RCRRtspr/mfspr instructions.

2. Decompressor vocabulary RAMEZRAM). The DECRAM array ecupies the 2-Kbyte physical
memory (8 Kbytes of the MPC561/MPC5&8dress space is allocated for DECRAM).

3. Decompressor class configurati@gisters (DCCR) block. It coisss of 15 decompression class
configuration registers. Thesayisters are available for wowdde read/write accesses through
U-bus. The registers occupy a 64physical block (8-Kbyte chi@ddress space is allocated for
the register block).

0X2F 8000
DECRAM
OX2F 87FF 2 Kbytes
O0x2F 8800
Reserved
OX2F 9FFF
0X2F A00O
DCCRO — DCCR15
OX2F AO3F

Figure 4-6. MPC561/MPC563 Memory Map

4.6.1.1 BBC Special Purpose Registers (SPRS)
Table 4-3. BBC SPRs

Address for

SPR Number External
(Decimal) Master

Access (Hex)

Register Name

528 0x2100 IMPU Global Region Attribute Register (MI_GRA). See Table 4-8 for bits
descriptions.

529 0x2300 External Interrupt Relocation Table Base Address Register (EIBADR). See
Table 4-9 for bits descriptions.

560 0x2110 BBC Module Configuration Register (BBCMCR). See Table 4-4 for bits descriptions

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 4-3. BBC SPRs (continued)

Address for

SPR Number External
(Decimal) Master

Access (Hex)

Register Name

784 0x2180 IMPU Region Base Address Register 0 (MI_RBAOQ). See Table 4-5 for bits
descriptions.

785 0x2380 IMPU Region Base Address Register 1 (MI_RBAL1). See Table 4-5 for bits
descriptions.

786 0x2580 IMPU Region Base Address Register 2 (MI_RBA?2). See Table 4-5 for bits
descriptions.

787 0x2780 IMPU Region Base Address Register 3 (MI_RBAS3). See Table 4-5 for bits
descriptions.

816 0x2190 IMPU Region Attribute Register 0 (MI_RAO). See Table 4-6 for bits descriptions.

817 0x2390 IMPU Region Attribute Register 1 (MI_RA1). See Table 4-6 for bits descriptions.

818 0x2590 IMPU Region Attribute Register 2 (MI_RA2). See Table 4-6 for bits descriptions.

819 0x2790 IMPU Region Attribute Register 3 (MI_RA3). See Table 4-6 for bits descriptions.

All the above registers may be accessed in the supemisde only. An exceptios internally generated
by the RCPU if there is an attempt to access themsen mode. An external master receives a transfer
error acknowledge when attemptingaocess a register in user mode.

NOTE

If one of these registers is written withd instructions of a branch target,
the user application may crash. To metthis, ensure that any instruction
writing to these registers geceded by 4 instructiotisat are not the target
of any branch, and is followed by an isync instruction.

46.1.2 DECRAM and DCCR Block

The DECRAM occupies addresses from 0x2F 800Ix&F 87FF. The DCCR block occupies addresses
from Ox2F AO0O to Ox2F AO3F.

The address for non-implemented memory blask®t acknowledged, and causes an error condition.

MPC561/MPC563 Reference Manual, Rev. 1.2
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4.6.2

4.6.2.1

Field
HRESET

Field

HRESET
Addr

Burst Buffer Controller 2 Module

BBC Register Descriptions

BBC Module Configuration Register (BBCMCR)

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
R|D|S TEST —
0000_0000_0000_0000
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
— |BE| ETRE |EIR| EN_ |EXC_COMP!| DECOMP_SC_|OERC[0:1]|BTEE| — |DCAE|TST
comp? EN?
000 ID19% | 0 | ID212 ID22? ID21? ID(24:25)2 00_0000
SPR 560

1 MPC562/MPC564 only.

2 The reset value is a reset configuration word value extracted from the internal bus line. Refer to Section 7.5.2, “Hard Reset
Configuration Word (RCW)."

Figure 4-7. BBC Module Configuration Register (BBCMCR)

Table 4-4. BBCMCR Field Descriptions

Bits Name Description

0 R Read Only. Any attempt to write to the DECRAM array while R is set is terminated with
an error. This causes a machine check exception for RCPU.
0 DECRAM array is Readable and Writable.

1 DECRAM array is Read only.

1 D Data Only. The DECRAM array may be used for Instructions and Data or for Data
storage only. Any attempt to load instructions from the DECRAM array, while D is set, is
terminated with an error This causes a machine check exception for the RCPU.

0 DECRAM array holds Data and/or Instruction.
1 DECRAM array holds Data only.

2 S Supervisor Only.

When the bit is set (S = 1), only a Supervisor program may access the DECRAM. If a
Supervisor program is accessing the array, normal read/write operation will occur. If a
User program is attempting to access the array, the access will be terminated with an
error This causes a machine check exception for the RCPU.
If S =0, the RAM array is placed in Unrestricted Space and access by both Supervisor
and User programs is allowed.

37 TEST These bits can be set in Factory test mode only. The User should treat these bits as
reserved and always write as zeros.

8:17 — Reserved

18 BE?! Burst Enable
0 Burst access is disabled.
1 Burst access is enabled.

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 4-4. BBCMCR Field Descriptions (continued)

Bits Name Description

19 ETRE Exception Table Relocation Enable
0 Exception Table Relocation is off: BBC does NOT map exception addresses.
1 Exception Table Relocation is on: BBC maps exception addresses to a table holding
branch instructions two memory words apart from each other.
The reset value is taken from the reset configuration word bit 19.
Note: On the MPC562/MPC564, do not put compressed code at addresses OXFFFO
0000 to OXFFFF FFFF if ETRE = 1.

20 EIR Enhanced External Interrupt Relocation Enable— This bit activates the external
interrupt relocation table mechanism. This bit is independent from the value of ETRE
bit, but if EIR and ETRE are enabled, the mapping of external interrupt will be via EIR.
0 EIR function is disabled.

1 EIR function is active.

21 EN_COMP2 Enable Compression. This bit enables the operation of the MPC562/MPC564 in
compression on mode.

NOTE: For Rev A and later versions of the MPC563 and rev B and later of the MPC561,
the default state is defined by bit 21 of the reset configuration word, and is writable. In
earlier versions, the bit can only be set by the reset configuration word.

0 decompression on mode is disabled.

1 decompression on mode is enabled.

The MPC561/MPC563 operates only in decompression off mode. The
MPC562/MPC564 may operate with both decompression on and decompression off
modes.

22 EXC_COMP?2 Exception Compression. This bit determines the operation of the MPC562/MPC564
with exceptions. If this bit is set, the MPC562/MPC564 assumes that the all exception
routine codes are compressed; otherwise it is assumed that all exception routine codes
are not compressed. The reset value is determined by reset configuration word bit 22.
0 The RCPU assumes that exception routines are noncompressed.

1 The RCPU assumes that all exception routines are compressed.

This bit has effects only when the EN_COMP bit is set. The MPC561/MPC563 operates
only in decompression off mode. The MPC562/MPC564 may operate with both
decompression on and decompression off modes.

23 DECOMP_SC_EN? | Decompression Show Cycle Enable. This bit determines the way the MPC562/MPC564
executes instruction show cycles.

The reset value is determined by configuration word bit 21. For further details regarding
show cycles execution in “Decompression ON” mode see Section 4.2.1.2,
“Decompression On Mode.”

0 Decompression Show Cycles do not include the bit pointer.

1 Decompression Show Cycles include the bit pointer information on the data bus.

24:25 OERCJ[0:1] Other Exceptions Relocation Control. These bits have effect only if ETRE was enabled,;
See details in Section 4.3.1, “ETR Operation.”

00: offset 0

01 Offset 64 Kbytes

10 Offset 512 Kbytes

11 Offset to 0XO03FEO00O

The reset value is determined by reset configuration word bits 24 and 25

26 BTEE? Branch Target Entries Enable. This bit enables Branch Target Entries of BTB operation
0 BTE operation is disabled
1 BTE operation is enabled

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 4-4. BBCMCR Field Descriptions (continued)

Bits Name Description

27:29 — Reserved.
NOTE: Bit 27 was BCMEE and should be written as 0.

30 DCAE Decompressor Configuration Access Enable. This bit enables DECRAM and DCCR
registers access from the U-bus master (i.e., RCPU, external master).

0 DECRAM and DCCR registers are locked.

1 DECRAM allows accesses from the U-bus only.

DCAE bit should be set before vocabulary tables are loaded via the U-bus.

31 TST Reserved for BBC Test Operations.

1 BE and BTEE should not both be set at the same time, setting the BE bit disables the BTB.
2 This bit is available on the MPC562/MPC564 only, software should write "0" to this bit for MPC561/MPC563.

NOTE

When writing to the BBCMCR regist, the following instruction after
mtspr BBCMCR, Rx should biSYNC, to make surthat the programmed
value will come into effect before any further action.

4.6.2.2 Region Base Address Registers (MI_RBAJ0:3])

The following registers contain 32tgiand define the starting addre$she protected regions. There is
one register for each of four regions.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field RA
HRESET Unchanged
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field RA —
HRESET Undefined 0000_0000_0000
Addr SPR 784 (MI_RBAO), SPR 785 (MI_RBAL1), SPR 786 (MI_RBA2), SPR 787 (MI_RBA3)
Figure 4-8. Region Base Address Register (MI_RBA[0:3])
Table 4-5. MI_RBAJ0:3] Registers Bit Descriptions
Bits Name Description
0:19 RA Region Base address. The RA field provides the base address of the region. The region base
address should start on the memory block boundary for the corresponding region size, specified
in the region attribute register MI_RA.
20:31 — Reserved

MPC561/MPC563 Reference Manual, Rev. 1.2
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NOTE
When the MPC562/MPC564 operategsiecompression on mode, a

minimum of four unused words MUST bedft after the last instruction in

any region.

4.6.2.3 Region Attribute Registers (Ml_RA[0:3])

The following registers defingrotection attributes andzg for four memory regions.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field RS
HRESET Unchanged
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field RS PP — G CMPR BTBINH —
HRESET Undefined 000 Undefined 000
Addr SPR 816 (MI_RAO0), SPR 817 (MI_RA1), SPR 818 (MI_RA2), 819 (MI_RA3)
Figure 4-9. Region Attribute Register (Ml_RAO0[0:3])
Table 4-6. MI_RA[0:3] Registers Bit Descriptions
Bits Name Description
0:19 RS Region size. For byte size by region, see Table 4-7.
20:21 PPl | Protection bits:
00 Supervisor — No Access, User — No Access.
01 Supervisor — Fetch, User — No Access.
1x Supervisor — Fetch, User — Fetch.
22:24 — Reserved
25 Gt Guard attribute for region
0 Speculative fetch is not prohibited from region. Region is not guarded.
1 Speculative fetch is prohibited from guarded region. An exception will occur under such attempt.
26:27 CMPR? Compressed Region.

x0 The region in not restricted
“Decompression Off” mode

“Decompression On” mode

01 Region is considered a non-compressed code region. Access to the region is allowed only in

11 Region is considered a compressed code region. Access to the region is allowed only in

28 BTBINH |BTB Inhibit region
0 BTB operation is not prohibited for current memory region

1 BTB operation is prohibited for current memory region.

29:31 — Reserved

1 G and PP attributes perform similar protection activities on a region. The more protective attribute will be implied on the

region if the attributes programming oppose each other.
2 This field is available only on the MPC562/MPC564.
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4.6.2.4

Field
HRESET

Field
HRESET
Addr

Table 4-7. Region Size Programming Possible Values

RS Field Value (Binary) Size
0000_0000_0000_0000_0000 |4 Kbytes
0000_0000_0000_0000_0001 |8 Kbytes
0000_0000_0000_0000_0011 |16 Kbytes
0000_0000_0000_0000_0111 |32 Khytes
0000_0000_0000_0000_1111 |64 Kbytes
0000_0000_0000_0001_1111 |128 Kbytes
0000_0000_0000_0011_1111 |256 Kbytes
0000_0000_0000_0111 1111 |512 Kbytes
0000_0000_0000 1111 1111 |1 Mbyte
0000_0000_0001_1111 1111 |2 Mbytes
0000_0000_0011_ 1111 1111 |4 Mbytes
0000_0000 0111 1111 1111 |8 Mbytes
0000_0000_ 1111 1111 1111 |16 Mbytes
0000_0001_1111 1111 1111 |32 Mbytes
0000 0011 1111 1111 1111 |64 Mbytes
0000 _0111 1111 1111 1111 |128 Mbytes
0000 1111 1111 1111 1111 |256 Mbytes
0001_1111 1111 1111 1111 |512 Mbytes
0011 1111 1111 1111 1111 |1 Gbyte
0111 1111 1111 1111 1111 |2 Gbytes
1111 1111 1111 1111 1111 |4 Gbytes

Global Region Attribute Register (Ml_GRA)

The MI_GRA register defines protectionrddutes for memory region, not covered by
MI_RB[0:3]/MI_RBA[0:3] registers. It alsgontains protection regions 0-3 enable bits.

Burst Buffer Controller 2 Module

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
ENR 0| ENR1|ENR2 |ENR3 —
0000_0000_0000_0000
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
— PP — G CMPR | BTBINH —
0000_0000_0000_0000
SPR 528

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 4-8. MI_GRA Field Descriptions

Bits Name Description

0 ENRO Enable IMPU Region 0
0 Region 0 is off.
1 Region 0 is on.

1 ENR1 Enable IMPU Region 1
0 Region 1 is off.
1 Region 1is on.

2 ENR2 Enable IMPU Region 2
0 Region 2 is off.
1 Region 2 is on.

3 ENR3 Enable IMPU Region 3
0 Region 3 is off.
1 Region 3 is on.

4:19 — Reserved

20:21 PP Protection Bits

00 Supervisor — No Access, User — No Access.
01 Supervisor — Fetch, User — No Access.

1x Supervisor — Fetch, User — Fetch.

22:24 — Reserved

25 G Guard attribute for region
0 Fetch is not prohibited from region. Region is not guarded.
1 Fetch is prohibited from guarded region. An exception will occur under such attempt.

26:27 CMPR? Compressed Region.

X0 The region is not restricted

01 Region is considered a non-compressed code region Access to the region is allowed only in
“Decompression Off” mode

11 Region is considered a compressed code region. Access to the region is allowed only in
“Decompression On” mode

28 BTBINH | BTB Inhibit region
0 BTB operation is not prohibited for current memory region
1 BTB operation is prohibited for current memory region.

29:31 — Reserved

1 This field is available only on the MPC562/MPC564.

NOTE

The MI_GRA register should be prograrad to enable fetch access (PP and
G bits) before RCPU MSRJIR] is set.
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4.6.2.5 External Interrupt Relocation Table Base Address Register (EIBADR)

MSB LSB
0 1 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field BA —
HRESET Unchanged 000_0000_0000

Figure 4-11. External Interrupt Relocation Table Base Address Register (EIBADR)

Table 4-9. EIBADR External Interrupt Relocation Table Base Address Register Bit Descriptions

Bits Name Description
0:20 BA External Interrupt Relocation Table Base Address bits [0:20]
21:31 — Reserved. EIBADR must be set on a 4K page boundary.

4.6.3 Decompressor Class Configuration Registers

SeeSection A.4, “Decompressor Classr@iguration Registers (DCCRO-I'Spr the registers of the
ICDU.
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Chapter 5
Unified System Interface Unit (USIU) Overview

The unified system interface unit 8U) of the MPC561/MPC563 consisibseveral functional modules
that control system start-up, systamtialization and operation, systgiotection, and the external system
bus. The MPC561/MPC563 USlHunctions include the followingral are discussed in the designated
chapters:

» System configuration and protemi with GPIO capability and aanhanced interrupt controller.
Refer toChapter 6, “System Comgjuration and Protectich

» System reset monitoring and generation, ref&ltapter 7, “Resét

* Clock synthesis, power managemend debug support. ReferGbapter 8, “Clocks and Power
Control”

» External bus interface (EBI), refer @hapter 9, “External Bus Interfate
* Memory controller that supportsur memory banks. Refer @hapter 10, “Memory Controllér

The USIU provides system configion and protection featuresattcontrol the overall system
configuration and supply various mtors and timers including the bus monitor, software watchdog timer,
periodic interrupt timer, decremien, time base, and real-timeock. Freeze support and low power stop
is provided. The interrupt controllsupports up to eight external intapts, eight levels for all internal
USIU interrupt sources and 32 levéds internal peripheral modules ¢ime IMB bus. It has an enhanced
mode of operation, which simpkfs the MPC561/MPC563 interruptgtture and speeds up interrupt
processing.

Additionally, the USIU provides several pinout cgpuiiations that allow up t64 general-purpose 1/0,
external 32-bit port that suppoitgernal and external masseland various debug functions.

Reset logic for the MPC561/MPC563 provides soft hard resets, checkstop and watchdog resets, and
other types of reset. The resetssategister (RSR) reflects the sti@ecent source to cause a reset.

The clock synthesizer generates ¢hlaxk signals used by the USIU asll as the other modules and
external devices. This circuitry cgenerate a system clock from a ranferystals, typically in the 4 MHz
or 20 MHz range.

The USIU supports various low-powaiodes. Each one supplies a diffier range of poweronsumption,
functionality and wake-up time. Refer@napter 8, “Clocks and Power Conttdbr details.

The EBI handles the transfer of infieation between the internal busaesl the memory or peripherals in
the external address space. Thed8B1/MPC563 is designed to allow extal bus masters to request and
obtain mastership of the system pasd if required access the on-chipmory and registers. Refer to
Chapter 9, “External Bus Interfatdor details.

The memory controller module provides gluelessrface to many types of memory devices and
peripherals. It supports up fiour memory banks. Refer @hapter 10, “Memory Controllgrfor details.
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The USIU supports the internalish censorship mechanism on the®8B1/MPC563 to protect the Flash
contents. Refer t€hapter 21, “CDR3 Flash (UC3F) EEPROM is not possible to operate the
MPC561/MPC563 from the external world while the Fliash censorship modend in a censorship state.
The internal Flash array will be either locked or asdde only after the entiearay contents have been
erased. The MPC561/MPC563 is in censored nifoaiee of the following events occurs:

* booting from external memory
» operating in peripheral mode ora€cessed from an external master
e operating in debug mode (BDM or Nexus)

Figure 5-1shows the USIU block diagram.

usiu
Memory Memory Control Lines R
Controller i’
- E-Bus
U-Bus U-bus Address E-bus .
< = » Interface Interface | 4 "
P Data
Slave
Configuration Registers a Interface <
« Software Watchdog 2
« Bus Monitor A
 Periodic Interrupt
e Timer and Decrementer
* Real-time Clock
* Debug v SGPIO |
« Pin Multiplexing N
« Interrupt Controller Clocks & Reset

Figure 5-1. USIU Block Diagram

51 Memory Map and Registers

Table 5-1is an address map of the USIU registers antgss otherwise noted, reggrs are 32 bits wide.
The address shown for eadyister is relative to the baaddress of the MPC561/MPC563 internal
memory map. The internal memory block can residme of eight possible 4 Mbyte memory spaces. See
Figure 1-3for details.
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Table 5-1. USIU Address Map

Address Register

0x2F C000 USIU Module Configuration Register (SIUMCR)
See Table 6-7 for bit descriptions.

0x2F C004 System Protection Control Register (SYPCR)
See Table 6-15 for bit descriptions.

0x2F C008 Reserved

Ox2F COOE?! Software Service Register (SWSR)
See Table 6-16 for bit descriptions.

0x2F C010 Interrupt Pending Register (SIPEND).

0x2F C014 Interrupt Mask Register (SIMASK)

See Section 6.2.2.2.4, “SIU Interrupt Mask Register (SIMASK),” for bit descriptions.

0x2F C018 Interrupt Edge Level Mask (SIEL)
See Section 6.2.2.2.7, “SIU Interrupt Edge Level Register (SIEL),” for bit descriptions.

0x2F C01C Interrupt Vector (SIVEC)
See Section 6.2.2.2.8, “SIU Interrupt Vector Register (SIVEC),” for bit descriptions.

0x2F C020 Transfer Error Status Register (TESR)
See Table 6-17 for bit descriptions.

0x2F C024 USIU General-Purpose I/O Data Register (SGPIODT1)
See Table 6-23 for bit descriptions.

0x2F C028 USIU General-Purpose I/0 Data Register 2 (SGPIODT2)
See Table 6-24 for bit descriptions.

0x2F C02C USIU General-Purpose I/0 Control Register (SGPIOCR)
See Table 6-25 for bit descriptions.

0x2F C030 External Master Mode Control Register (EMCR)
See Table 6-13 for bit descriptions.

0x2F C038 Pads Module Configuration Register 2 (PDMCR2)
See Table 2-6 for bit descriptions.

0x2F C03C Pads Module Configuration Register (PDMCR)
See Table 2-5 for bit descriptions.

0x2F C040 Interrupt Pend2 Register (SIPEND2)
See Section 6.2.2.2.2, “SIU Interrupt Pending Register 2 (SIPEND2),” for bit descriptions.

0x2F C044 Interrupt Pend3 Register (SIPEND3)
See Section 6.2.2.2.3, “SIU Interrupt Pending Register 3 (SIPEND3),” for bit descriptions.

0x2F C048 Interrupt Mask2 Register (SIMASK?2)
See Section 6.2.2.2.5, “SIU Interrupt Mask Register 2 (SIMASK2),” for details.

0x2F Co4C Interrupt Mask3 Register (SIMASK3)
See Section 6.2.2.2.6, “SIU Interrupt Mask Register 3 (SIMASK3),” for details.

0x2F C050 Interrupt In-Service2 Register (SISR2)
See Section 6.2.2.2.9, “Interrupt In-Service Registers (SISR2 and SISR3),” for details.

0x2F C054 Interrupt In-Service3 Register (SISR3)
See Section 6.2.2.2.9, “Interrupt In-Service Registers (SISR2 and SISR3),” for details.
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Table 5-1. USIU Address Map (continued)

Address Register
0x2F COFC-Ox2F Reserved
COFF
Memory Controller Registers
0x2F C100 Base Register 0 (BRO)
See Table 10-8 for bit descriptions.
0x2F C104 Option Register 0 (OR0)
See Table 10-10 for bit descriptions.
0x2F C108 Base Register 1 (BR1)
See Table 10-8 for bit descriptions.
0x2F C10C Option Register 1 (OR1)
See Table 10-10 for bit descriptions.
0x2F C110 Base Register 2 (BR2)
See Table 10-8 for bit descriptions.
0x2F C114 Option Register 2 (OR2)
See Table 10-10 for bit descriptions.
Ox2F C118 Base Register 3 (BR3)
See Table 10-8 for bit descriptions.
0x2F C11C Option Register 3 (OR3)

See Table 10-10 for bit descriptions.

0x2F C120-0x2F C13C

Reserved

0x2F C140 Dual-Mapping Base Register (DMBR)
See Table 10-11 for bit descriptions.
O0x2F C144 Dual-Mapping Option Register (DMOR)

See Table 10-12 for bit descriptions.

O0x2F C148-0x2F C174

Reserved

Ox2F c178t Memory Status (MSTAT)
See Table 10-7 for bit descriptions.
O0x2F C17A-0x2F Reserved
C1FC
System Integration Timers
0x2F C200 Time Base Status and Control (TBSCR)
See Table 6-18 for bit descriptions.
0x2F C204 Time Base Reference 0 (TBREFO)
See Section 6.2.2.4.3, “Time Base Reference Registers (TBREFO and TBREF1),” for bit
descriptions.
0x2F C208 Time Base Reference 1 (TBREF1)

See Section 6.2.2.4.3, “Time Base Reference Registers (TBREFO and TBREF1),” for bit

descriptions.

0x2F C20C-0x2F
c21C

Reserved

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 5-1. USIU Address Map (continued)

Address Register
0x2F C220 Real-Time Clock Status and Control (RTCSC)
See Table 6-19 for bit descriptions.
Ox2F C224 Real-Time Clock (RTC)
See Section 6.2.2.4.6, “Real-Time Clock Register (RTC),” for bit descriptions.
Ox2F C228 Real-Time Alarm Seconds (RTSEC) — Reserved
0x2F C22C Real-Time Alarm (RTCAL)

See Section 6.2.2.4.7, “Real-Time Clock Alarm Register (RTCAL),” for bit descriptions.

0x2F C230-0x2F C23C

Reserved

0x2F C240 PIT Status and Control (PISCR)
See Table 6-20 for bit descriptions.

Ox2F C244 PIT Count (PITC)
See Table 6-21 for bit descriptions.

Ox2F C248 PIT Register (PITR)
See Table 6-22 for bit descriptions.

0x2F C24C-0x2F Reserved
c27C
Clocks and Reset

0x2F C280 System Clock Control Register (SCCR)
See Table 8-9 for bit descriptions.

Ox2F C284 PLL Low-Power and Reset Control Register (PLPRCR)
See Table 8-11 for bit descriptions.

0x2F C288! Reset Status Register (RSR)
See Table 7-3 for bit descriptions.

Ox2F c28ct Change of Lock Interrupt Register (COLIR)
See Table 8-12 for bit descriptions.

0x2F €290 IRAMSTBY Control Register (VSRCR)

See Table 8-13 for bit descriptions.

O0x2F C294-0x2F C2FC

Reserved

System Integration Timer Keys

0x2F C300 Time Base Status and Control Key (TBSCRK)
See Table 8-8 for bit descriptions.

0x2F C304 Time Base Reference 0 Key (TBREFOK)
See Table 8-8 for bit descriptions.

0x2F C308 Time Base Reference 1 Key (TBREF1K)
See Table 8-8 for bit descriptions.

0x2F C30C Time Base and Decrementor Key (TBK)

See Table 8-8 for bit descriptions.

Ox2F C310-0x2F C31C

Reserved

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 5-1. USIU Address Map (continued)

Address Register

0x2F C320 Real-Time Clock Status and Control Key (RTCSCK)
See Table 8-8 for bit descriptions.

0x2F C324 Real-Time Clock Key (RTCK)
See Table 8-8 for bit descriptions.

O0x2F C328 Real-Time Alarm Seconds Key (RTSECK)
See Table 8-8 for bit descriptions.

0x2F C32C Real-Time Alarm Key (RTCALK)
See Table 8-8 for bit descriptions.

0Ox2F C330-0x2F C33C | Reserved

0x2F C340 PIT Status and Control Key (PISCRIK)
See Table 8-8 for bit descriptions.

Ox2F C344 PIT Count Key (PITCK)
See Table 8-8 for bit descriptions.

0Ox2F C348-0x2F C37C | Reserved

Clocks and Reset Keys

0x2F C380 System Clock Control Key (SCCRK)
See Table 8-8 for bit descriptions.

O0x2F C384 PLL Low-Power and Reset Control Register Key (PLPRCRK)
See Table 8-8 for bit descriptions.

O0x2F C388 Reset Status Register Key (RSRK)
See Table 8-8 for bit descriptions.

Ox2F C38C—-0x2F Reserved
C3FC

1 16-bit register.

5.1.1 USIU Special-Purpose Registers

Table 5-2lists the MPC561/MPC563 special purpose regis(SPR) used by the USIU. These registers
reside in an alternate internal memory spaaéthn only be accessed with the mtspr and mfspr
instructions, or from an éarnal master (refer t8ection 6.1.2, “External Master Modé®or details). All
registers are 32 bits wide.

NOTE

RCPU special purpose registers cannot be accessed by an external master.
Only SPRs in the USIU can laecessed by an external master.

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 5-2. USIU Special-Purpose Registers

Internal Register Decimal Address
Address[0:31] 9 spr[5:9]:spr[0:4]*
0x2C00 Decrementer (DEC). 22

See Section 3.9.5, “Decrementer Register
(DEC),” for more information.

0x1880 Time Base Lower — Read (TBL). 268
See Section 6.2.2.4.2, “Time Base SPRs (TB),’
for bit descriptions.

0x1A80 Time Base Upper — Read (TBU). 269
See Section 6.2.2.4.2, “Time Base SPRs (TB),’
for bit descriptions.

0x3880 Time Base Lower — Write (TBL). 284
SeeSee Section 6.2.2.4.2, “Time Base SPRs
(TB),” for bit descriptions.

0x3A80 Time Base Upper — Write (TBU). 285
See Section 6.2.2.4.2, “Time Base SPRs (TB),’
for bit descriptions.

0x3D30 Internal Memory Mapping Register (IMMR). 638
See Table 6-12 for bit descriptions.

1 Bits [0:17] and [28:31] are all 0.

Table 5-3shows the MPC561/MPC563 address format foriapparpose register access. For an external
master, accessing an MPC500 SB&dress bits [0:17al [28:31] are compared #@ros to confirm that
an SPR access is valid. Sgection 6.1.2.1, “Operation in External Master MQés more details.

Table 5-3. Hex Address Format for SPR Cycles

A[0:17] A[18:22] A[23:27] | A[28:31]

0 spr5:9 sprO:4 0

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 5-7



Unified System Interface Unit (USIU) Overview

MPC561/MPC563 Reference Manual, Rev. 1.2

5-8 Freescale Semiconductor



Chapter 6
System Configuration and Protection
The MPC561/MPC563 incorporateDMAes many systenctions that normallynust be provided in

external circuits. In addition, it designed to provide maximum sgst safeguards against hardware and
software faults. The system configuration anatgetion sub-module providéise following features:

System ConfigurationSection 6.1.1, “System Configuratitsxa-The USIU allows the
configuration of the system accard to the particular requirementrhe functions include control
of show cycle operation, pin multiplexingydinternal memory map location. System
configuration also includes a retgr containing part and mask nogn constants to identify the
part in software.

External Master Modes Suppo8dction 6.1.2, “External Master Modes-External master
modes are special modes of openatihat allow an alternate master on the external bus to access
the internal modules for debugging and backup purposes.

General-Purpose I/Cséction 6.1.3, “USIU General-Purpose I/9-The USIU provides 64 pins
for general-purpose I/0. The SGPIO pins ardtiplexed with the address and data pins.

Enhanced Interrupt ControlleBéction 6.1.4, “Enhanced Interrupt ContrdljerThe interrupt
controller receives interrupt regsts from a number of interrahd external sources and directs
them on a single interrupt-request line to the RCPU.

Bus Monitor Gection 6.1.5, “Hardware Bus Monitp+The SIU provides &dus monitor to watch
internal to external accessesmibnitors the transfer acknowledge (Tisponse time for internal
to external transfers. Aansfer error acknowledge (TE#s asserted if the TAesponse limit is
exceeded. This funam can be disabled.

Decrementer§ection 6.1.6, “Decrementer (DE§>)}-The DEC is a 32-bitlecrementing counter
defined by the MPC500 architecture to provid#earementer interrupt. This binary counter is
clocked by the same frequency as the tirase (also defined by the MPC561/MPC563
architecture). The period for the DEC whdniven by a 4-MHz osciditor can be up to 4295
seconds, which is approxitedy 71.6 minutes. Refer ftable 6-6

Time Base CountefSection 6.1.7, “Time Base (TB)—The TB is a 64-bitounter defined by the
MPC500 architecture to provigetime base reference for thperating system or application
software. The TB has four independent referengisters that can generate a maskable interrupt
when the time-base counter reaglige value programmed in onetloé four reference registers.
The associated bit in the TB status register béllset for the referencegister which generated
the interrupt.

Real-Time Clock $ection 6.1.8, “Real-Time Clock (RTg}The RTC is used to provide
time-of-day information to the opeiiag system or application softwa It is composed of a 45-bit
counter and an alarm register. Askable interrupt is generated ermthe counter reaches the value
programmed in the alarm register. The R$Clocked by the same clock as the PIT.

MPC561/MPC563 Reference Manual, Rev. 1.2
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Periodic Interrupt Timergection 6.1.9, “Periodic tarrupt Timer (PIT)—The SIU provides a
timer to generate periodic interrupts for use vaitteal-time operating sysh or the application
software. The PIT provides a period from 1 pg teeconds with a four-MHz crystal or 200 ns to
0.8 ms with a 20-MHz crystal. BPIT function can be disabled.

Software Watchdog Time6gction 6.1.10, “Softwaré/atchdog Timer (SWT)—The SWT
asserts a reset or non-maskable interrupt, astedlby the system protection control register
(SYPCR), if the software fait® service the SWT for a designaigeriod of time (e.g., because the
software is trapped in a loop or lost). After a egsteset, this function enabled with a maximum
time-out period and asssr system reset if thiene-out is reached. TH&WT can be disabled or
its time-out period can behanged in the SYPCR. Once the SYRE€ written, itcannot be written
again until a system reset.

Freeze SupporSection 6.1.11, “Freeze Operatipr-The SIU allows control of whether the
SWT, PIT, TB, DEC, and RTC shouldmtinue to run during freeze mode.

Low Power Stop$ection 6.1.12, “Low Power Stop OperatiprIn low power modes, specific
timers are frozen but others are not.

Figure 6-1shows a block diagram of the systeanfiguration and protection logic.
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Module
Configuration
Internal and
External Interrupt Requests| Interrupt
Controller
TA > Bus —_—
== ) —» TEA
TS —» Monitor
PeI’IOdI.C Interrupt Interrupt
Timer
Soﬂwarg - Interrupt or
Watchdog Timer System Reset
Clock Decrementer |, Decrementer

Exception

Time Base Counter —» Interrupt

Real-Time
Clock

—» Interrupt

Figure 6-1. System Configuration and Protection Logic

6.1  System Configuration and Protection Features

The system configuration and praiea sub-module provides features dédsed in the following sections.

6.1.1 System Configuration

The SIU allows the configuration of the system aditg to the particular requirements. The functions
include control of show cycle operation, pin muéiing, and internal memory map location. System
configuration also includes a registamtaining part and mask numbenstants to identify the part in
software.

System configuration registers inde the SIU module comfuration register (SIUMR), and the internal
memory mapping register (IMMR). Refer $&ction 6.2.2, “System Cdgfiration and Protection
Registerg’ for register diagrams and bit descriptions.
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6.1.1.1 USIU Pin Multiplexing

Some of the functions defined in the various sestiof the USIU (exterhéus interface, memory
controller, and generglurpose 1/0) share pinsable 6-1summarizes how the pin functions of these
multiplexed pins are assigned.

Table 6-1. USIU Pin Multiplexing Control

Pin Name Multiplexing Controlled by:
IRQO / SGPIOCO / MDO4 At Power-On Reset: MODCK[1:3]
IRQ1/RSV/SGPIOC1 Otherwise: Programmed in SIUMCR
IRQ2/CR/SGPIOC2/ MTS Note:MDO4 is controlled by READI enable.

IRQ3 /KR /RETRY / SGPIOC3
IRQ4 / AT2 /| SGPIOC4

IRQ5 / SGPIOCS5 / MODCK1
IRQ6 / MODCK2

IRQ7 / MODCK3

SGPIOC6 / FRZ /| PTR Programmed in SIUMCR and Hard Reset Configuration
SGPIOC7 / IRQOUT / LWPO Note:MDIO, MCKI, and MDOO are controlled by READI enable.
BG/VFO/LWP1

BR /VF1/IWP2

BB /VF2/IWP3

IWP[0:1] / VFLS[0:1]
BI/STS

WE[0:3] / BE[0:3] / AT[0:3]
TDI/DSDI / MDIO

TCK /DSCK / MCKI

TDO / DSDO / MDOO

DATA[0:31] / SGPIODJ[0:31] Programmed in SIUMCR
ADDRI[8:31] / SGPIOA[8:31]

RSTCONF /TEXP At Power-On Reset: RSTCONF
Otherwise: Programmed in SIUMCR

6.1.1.2 Arbitration Support

Two bits in the SIUMCR control USIU bus arbit@ti The external arbitratn (EARB) bit determines
whether arbitration is penfmed internally or externally. If EARB cleared (interdarbitration), the
external arbitration request priority (EARP) bit deteresithe priority of an exteal master’s arbitration
request. The operation of the imtal arbiter isdescribed irSection 9.5.7.4, “Interal Bus Arbiter”

6.1.2 External Master Modes

External master modes are speciabies of operation that allow an aftative master on the external bus
to access the internal modules for debugging and bgukyyoses. They provide access to the internal
buses (U-bus and L-bus) andth@ intermodule bus (IMB3).

There are two external master modes:

» Peripheral mode (enabled by saftPRPM in the external mastamtrol (EMCR) register) uses a
special slave mechanism that shuts down the R&RLAn alternative master on the external bus
can perform accesses to any internal bus slave.

MPC561/MPC563 Reference Manual, Rev. 1.2
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» Slave mode (enabled by setting EMCR[SLVMpeclearing EMCR[PRPM]) enables an external
master to access any internal bus shatile the RCPU is fully operational.

Both modes can be enabled and disabled by softiveaeldition, peripheral modsan be selected from
reset.

The internal bus is not capableprbviding priority between intern®CPU accesses and external master
accesses. If the bandwidth of external master accisssege, it is recommended that the system force
gaps between external mastecesses in order to avoid suspensof internal RCPU activity.

The MPC561/MPC563 does not supportdtaiccesses from an external regsinly single accesses of 8,
16, or 32 bits can be perfoed. The MPC561/MPC563serts burst inhibit (Blon any attempt to initiate
a burst access to internal memory.

The MPC561/MPC563 provides memory controller sy for external master accesses (single and
burst) to external memories. S€bapter 10, “Memory Controllgrfor details.

6.1.2.1 Operation in External Master Modes

The external master moda® controlled by #nEMCR register, which contaitise internal bus attributes.
The default attributes in the EMCR allow an exé¢master to configure the EMCR with the required
attributes and access internal regstdihe external master mustdranted external bus ownership in
order to initiate the external master access. ThiecBmpares the address on the external bus to the
allocated internal address space. If the address isiih internal space, the access is performed with
the internal bus. The internal address sjmdetermined according to IMMR[ISB] (s&ection 6.2.2.1.2,
“Internal Memory Map Register (IMMR) for details). The external master access is terminated by the
TA, TEA, or RETRYsignal on the external bus.

A deadlock situation might occur if an internal-to-emtd access is attemptedthie internal bus while an
external master access is initiated on the extémunal In this case, the SIU will assert RET&Ythe
external bus in order to relinquiahd retry the external access untd thternal access is completed. The
internal bus will deny other internatcesses for the next eight cloak®rder to complete the pending
accesses and prevent adthtl internal accesses frdming initiated on the internal bus. The SIU will
also mask internal accesses to support consecutiveaixéecesses if the delay between the external
accesses is less than four clocks. The extenaater access and retmnings are described in

Section 9.5.12, “Bus Operation in External Master Mddes

The external master may access the internal MPGABLE63 special registersahare located outside
the RCPU. To access one of these special purpose registese¢siea 5.1.1, “USIU Special-Purpose
Registery, EMCR[CONT] must be set arttMCR[SUPU] must be cleared. &lexternal master can then
access the special register whaa firovided the addresccording to the MPE61/MPC563 address map.
Only the first external master access that followsdRvsetting will be assigadeto the special register
map; any subsequent accesséksbe directed to the namal address map. This is done in order to enable
access to the EMCR again after the reepiiMPC561/MPC563 special register access.

Peripheral mode does not require exée bus arbitration between thetexal master and the internal
RCPU, since the internal RCPU is disabled. TheaBR BBsignals should be connected to ground, and
the internal bus arbitration should be selectearder to prevent the fave” MPC561/MPC563 from
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occupying the external bus. Internal bus arbdrats selected by cleag SIUMCR[EARB] (see
Section 6.2.2.1.1, “SIU Module Cogfiration Register (SIUMCR)).

6.1.2.2 Address Decoding for External Accesses

During an external master access, the USIU complaeesxternal address withe internal address block
to determine if MPC561/MPC563 aion is required. Since only 24 ibie 32 internal address bits are
available on the external bus, thelU&ssigns zeros to the most siggant address bits (ADDR][0:7]).

The address compare sequencaelmasummarized as follows:

* Normal external access. If EMCR[CONT] is cle#rthe address is compared to the internal
address map. Refer 8ection 6.2.2.1.3, “External Mast€ontrol Register (EMCR)

— MPC561/MPC563 special register external acdégMCR[CONT] isset by the previous
external master access, the addressngpeoed to the MPC561/MPC563 special address
range. Se8ection 5.1.1, “USIU Special-Purpose Registdos a list of the SPRs in the USIU.

— Memory controller external acse If the first two comparigs do not match, the internal
memory controller determines whether the addmatches an address assigned to one of the
regions. If it finds a mah, the memory controller genersiine appropriate chip select and
attribute accordingly

When trying to fetch an MPC561/MPC563 special registen an external mast, the address might be
aliased to one of the exterrddvices on the external bus. Ifsldevice is selected by the
MPC561/MPC563 internal memory controller, thl@sing does not occur since the chip select is
disabled. If the device has its owddress decoding or isibg selected by external logic, this case is
resolved.

NOTE

This section does not address slageesses to internal resources. For
internal resources, the accesses compare against ADDR[8:9] = ISB[1:2].
ISBO must be cleared.

6.1.3 USIU General-Purpose 1/O

The USIU provides 64 general-pase 1/0 (SGPIO) pins (Sdable 6-3. The SGPIO pins are
multiplexed with the address and data pins. mglg-chip mode, where communicating with external
devices is not required, &% SGPIO pins can be used. In multiplgp mode, only eight SGPIO pins are
available. Another configation allows the use of the address tawsnstruction show cycles while the
data bus is dedicated 865 P10O functionality. The functionality oféise pins is assigddy the single-chip
(SC) bit in the SIUMCR. (Se8ection 6.2.2.1.1, “SIU Module Cogfiration Register (SIUMCR))

SGPIO pins are grouped as follows:
» Six groups of eight pinsach, whose direction is satiformly for the whole group
* 16 single pins whose directiongst separately for each pin

Table 6-2describes the SGPIO signals, and all abél@aonfigurations. Té SGPIO registers are
described irSection 6.2.2.5, “General-Purpose 1/0 Registers

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 6-2. SGPIO Configuration

System Configuration and Protection

Available | Available W&Vr?'éacb'_elo Available
SGPIO Individual Direction When SC = 00 | When SC =01 (Sin Ie-C;ﬂ When SC =11
Group Name Pin Control Control (32-bit Port (16-bit Port gle-hip (Single-Chip
. - Mode with
Size Mode) Size Mode) Mode)
Trace)
SGPIOD[0:7] GDDRO X X
SGPIOD[8:15] GDDR1 X X
SGPIOD[16:23] GDDR2 X X
SGPIOD[24:31] X SDDRD[23:31] X X
SGPIOC[0:7]* SDDRCJ[0:7]
SGPIOA[8:15] GDDR3 X
SGPIOA[16:23] GDDR4 X
SGPIOA[24:31] GDDR5 X

1 SGPIOC[0:7] is selected according to GPC and MLRC fields in SIUMCR. See Section 6.2.2.1.1, “SIU Module
Configuration Register (SIUMCR).”

Figure 6-2illustrates the functionality of the SGPIO.

& \ Path |
Internal | Read Pat |
Bus
| I
[
| GPIO
Read
: GPIO Register. 7y
Write
Register |
Read I 9
r » - - -
3 -|- LR 2 < - »- |
Write | Write Path :
| OE
Clock 4——
T SGPIO|
P Pad

Path of Write Operation - - - ----------- »
Path of Read Operation - — — — — — >
SGPIO Circuitry >

Figure 6-2. Circuit Paths of Reading and Writing to SGPIO
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6.1.4

Enhanced Interrupt Controller

6.1.4.1 Key Features

Significant interrupt latency deiction from that of the MPC555.

Simplified interrupt structure

Up to 48 different interrupt requests

Splitting of single external interrupt vectioito up to 48 vectors, one for each source
Automatic lower priority requests masking

Full backward compatibility wh MPC555/MPC556 (enhanced madesoftware programmable.)

6.1.4.2 Interrupt Configuration

An overview of the MPC561/MPC563tarrupt structure is shown Figure 6-3 The interrupt controller
receives interrupts from USIU internal sources, sudPlasRTC, from the UIMB module (which has its
own interrupt controller) or from the IMB3 busirgctly from IMB modulesjpnd from external pins
IRQI[O:7].

MPC561/MPC563 Reference Manual, Rev. 1.2
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ilbs[0:1] »| Sequencer] ‘;C“
L
B usiu

Figure 6-3. MPC561/MPC563 Interrupt Structure

If programmed to generate an imtgot, the SWT and external pin IR@Bvays generate an NMI,
non-maskable interrupt to the RCPU.
NOTE

The RCPU takes the system reset exception when an NMI is asserted, the
external interrupt excetin for any other assertetterrupt request, and the
decrementer exception when the decrementer MSB changes from 0O to 1.
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The decrementer interrupt requeshad a part of the intewpt controller. Each one of the external pins
IRQ[1:7] has its own dedicatedsagned priority level. IRQ@s also mapped, but it should be used only as
a status bit indiating that IRQ@vas asserted and generated NMéirupt. There are eight additional
interrupt priority levels. Each one of the SIU int@rimterrupt sources, ong of the peripheral module
interrupt sources can be agsed by software to any onéthe eight interrupt pridty levels. Thus, a very
flexible interrupt scheme is implemented. The interraguiest signal generated by the interrupt controller
is driven to the RPCldore and to the IRQOUpIn (optionally). Tls pin may be useid peripheral mode,
when the RCPU is disabled, atine internal modules araccessed externally. The IMB interrupts are
controlled by the UIMB. The IMB provides 32 intept levels, and any inteipt source could be
configured to any IMB interrupt leteThe UIMB contains a 32-bit regfer that holds the IMB interrupt
requests, and maps them te thSIU eight interrupt levels.

NOTE

If one interrupt level wasonfigured to more thaone interrupt source, the
software should read the UIPEND rstgir in the UIMB module, and the
particular status bits iarder to identify whib interrupt was asserted.

The interrupt controller may be programmed to ofeeirmtwo modes—a regular mode or an enhanced
mode.

6.1.4.3 Regular Interrupt Controller Operation (MPC555/MPC556-Compatible
Mode)

In regular operation mode (defaulttsgg) the interrupt controller receig@nterrupt requests from internal
sources, such as timers, PLL lock detedtddB modules and from external pins IR27]. All the internal
interrupt sources may be programmed to drive omeare of eight U-bus inteupt level lines while the
RCPU, upon receiving an interrupt request, has totteatd SIU and UIMB status register in order to
determine the interrupt source.

The SIVEC register contains &rbit code representing the unmagketerrupt request which has the
highest priority level. The priay between all interrupt sourceg fine regular interrupt controller
operation is shown ifiable 6-3

Table 6-3. Priority of Interrupt Sources—Regular Operation

Number P[i:\/r(iatly Intgg:é)rti pstci);r:ce Off?;tt)lien (Erea)l(r)\ch SIVEC Interrupt Code?’
0 Highest EXT_IRQO 0x0000 00000000
1 — Level 0 0x0008 00000100
2 — EXT_IRQ1 0x0010 00001000
3 — Level 1 0x0018 00001100
4 — EXT_IRQ2 0x0020 00010000
5 — Level 2 0x0028 00010100
6 — EXT_IRQ3 0x0030 00011000
7 — Level 3 0x0038 00011100

MPC561/MPC563 Reference Manual, Rev. 1.2
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Table 6-3. Priority of Interrupt Sources—Regular Operation

Number Pliieovr;tly Intg;r:gti;?;:ce Off_?;t'glien (Erea)l(r)\ch SIVEC Interrupt Codel!
8 — EXT_IRQ4 0x0040 00100000
9 — Level 4 0x0048 00100100
10 — EXT_IRQ5 0x0050 00101000
11 — Level 5 0x0058 00101100
12 — EXT_IRQ6 0x0060 00110000
13 — Level 6 0x0068 00110100
14 — EXT_IRQ7 0x0070 00111000
15 Lowest Level 7 0x0078 00111100

1 This is the value in the 8 most significant bits of the SIVEC register (SIVEC[25:31]).

Each interrupt request from extertiaks and from USIU internal inteipt sources ithe case of its
assertion will set a ecesponding bit in SIPEND register. Thelividual SIPEND bits may be masked by
clearing an appropriate bit in SIMASK register.

6.1.4.4 Enhanced Interrupt Controller Operation

The enhanced interrupt controller operation majub@ed on by setting the EICEN control bit in the
SIUMCR register. In this mode the 32 IMB interrigtels will be latched by USIU using eight IMB
interrupt lines and two lines of ilbs via the timeiltiplexing scheme defined by the UIMB module. In
addition to the IMB interrupt sources the externalrigats and timer interruptseavailable in the same
way as in the regular scheme. Irstmode, the UIMB module does rarive U-bus intempt level lines.
Each interrupt request will set a correspondingnbSIPEND2 or SIPEND3 registers. SIPEND2 an
SIPEND3 may be masked by clearing an appateibit in SIMASK2 or SIMASKS registers.

The priority logic is prouled in order to determirtee highest unmasked intept request, and interrupt
code is generated in the SIVEC register. Bdde 6-4

NOTE

If the enhanced interrupt controllerasabled, a delay is required prior to
re-enabling interrupts. Before clearingiaterrupt related register, clear the
MSR[EE] bit (EE = 0). Expea vector offset of 0x0 &n interrupt is cleared

or disabled while MSR[EE] = 1. Thigector should be handled as if no
interrupt has occured, that is, perfoamrfi instruction. After clearing an
interrupt source, sufficient time reuelapse before re-enabling the
MSRI[EE] bit (EE = 1). This time shadikake longer than the time needed
for a load of the same register thas just cleared. To guarantee enough
time, include this load instruction before the instruction that sets MSR[EE].
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Table 6-4. Priority of Interrupt Sources—Enhanced Operation

Number Priority Level Intg;r:g’tipst?;:ce Og Sb?; i?Hli;e;Tgh SIVEC Interrupt Code?
0 Highest (see note above)4 0x0000 00000000
1 — Level 0 0x0008 00000100
2 — IMB_IRQ 0 0x0010 00001000
3 — IMB_IRQ 1 0x0018 00001100
4 — IMB_IRQ 2 0x0020 00010000
5 — IMB_IRQ 3 0x0028 00010100
6 — EXT_IRQ2 0x0030 00011000
7 — Level 1 0x0038 00011100
8 — IMB_IRQ 4 0x0040 00100000
9 — IMB_IRQ 5 0x0048 00100100
10 — IMB_IRQ 6 0x0050 00101000
11 — IMB_IRQ 7 0x0058 00101100
12 — EXT_IRQ2 0x0060 00110000
13 — Level 2 0x0068 00110100
14 — IMB_IRQ 8 0x0070 00111000
15 — IMB_IRQ 9 0x0078 00111100
16 — IMB_IRQ 10 0x0080 01000000
17 — IMB_IRQ 11 0x0088 01000100
18 — EXT_IRQ3 0x0090 01001000
19 — Level 3 0x0098 01001100
20 — IMB_IRQ 12 0x00A0 01010000
21 — IMB_IRQ 13 0x00A8 01010100
22 — IMB_IRQ 14 0x00B0 01011000
23 — IMB_IRQ 15 0x00B8 01011100
24 — EXT_IRQ4 0x00CO 01100000
25 — Level 4 0x00C8 01100100
26 — IMB_IRQ 16 0x00D0 01101000
27 — IMB_IRQ 17 0x00D8 01101100
28 — IMB_IRQ 18 0x00EQ 01110000
29 — IMB_IRQ 19 0x00E8 01110100
30 — EXT_IRQ5 0x00F0 01111000
31 — Level 5 0x00F8 01111100
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Table 6-4. Priority of Interrupt Sources—Enhanced Operation (continued)

Number Priority Level Intgrer;(f;ti;?;:ce O_;; Sb?; ir(]Hi;e;Tgh SIVEC Interrupt Code®
32 — IMB_IRQ 20 0x0100 10000000
33 — IMB_IRQ 21 0x0108 10000100
34 — IMB_IRQ 22 0x0110 10001000
35 — IMB_IRQ 23 0x0118 10001100
36 — EXT_IRQ6 0x0120 10010000
37 — Level 6 0x0128 10010100
38 — IMB_IRQ 24 0x0130 10011000
39 — IMB_IRQ 25 0x0138 10011100
40 — IMB_IRQ 26 0x0140 10100000
41 — IMB_IRQ 27 0x0148 10100100
42 — EXT_IRQ7 0x0150 10101000
43 — Level 7 0x0158 10101100
a4 — IMB_IRQ 28 0x0160 10110000
45 — IMB_IRQ 29 0x0168 10110100
46 — IMB_IRQ 30 0x0170 10111000
47 Lowest IMB_IRQ 31 0x0178 10111100

AW N P

The branch table feature can be used only if the BBCMCRIEIR] is set.
This offset is added to the table base address from the EIBDR register.
This is the value in the 8 most significant bits of the SIVEC register.

This vector is reserved and normally is not generated. It may be generated, if any other interrupt source disappears,
before being acknowleged by the RCPU as a result of any change in the interrupt scheme, module stopping, masking
interrupt sources in a module by application software while interrupts are enabled in the RCPU by setting MSR[EE].

The value of the SIVEC registergapplied internally to the BBC module and can be used as an offset to
the branch table start address fa éxternal interrupt relocation featuiThus a fast way to a specific
interrupt source routine is providedtivut software overhead. The BBCMCR (Seetion 4.6.2.1, “BBC
Module ConfiguratiorRegister (BBCMCR) and EIBADR (se&Section 4.6.2.5, “External Interrupt
Relocation Table Baseddiress Register (EIBADR)registers must be prograneah to enable this feature

in the BBC. Additionally, the SIPED2 and SIPEND3 registers comtahe information about all the
interrupt requests that are asserted at a diwe so that software can always read them.

NOTE

When the enhanced interrupt controller is enabled the SIPEND and
SIMASK registers are not used.

MPC561/MPC563 Reference Manual, Rev. 1.2
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6.1.4.4.1 Lower Priority Request Masking

This feature (if enabled) simplifi¢gbe masking of lower priority terrupt requests when a request of
certain priority is in service inpplications that require interrupt niegt. The highest (pending) request is
also masked by itself. The maskingascomplished in the following way.

Upon asserting an interrupt requést BBC generates an acknowledggnal to notify the interrupt
controller that the request and the branch table ditset been latched. The intgpt controller then sets
a bit in the SISR registéinterrupt in-service registgraccording to the assertesjuest. All other requests
whose priority is lower than or equal to the orat ik currently in-service, become masked. The mask
remains set until the SISR bit is cleared by softvlayehe interrupt handlepuatine), writing a ‘1’ value
to the corresponding bit. The lower priorigguest masking diagram is presenteBigure 6-4

The lower priority request maslg feature is didded by HRESETand it may be enabled by setting the
LPMASK_EN bit in the SIUMCR register.
NOTE
In the regular mode of the interruggntroller the lower priority request
masking feature is not available.

The feature must be activatedly together with exceptiontiée relocation in the BBC module.

Enable

From biti-1  control bit
(LPMASK_EN)

To SIVEC
generation
SIPEND [i] To RCPU
_\ \ External
) interrupt
SIMASK [i] J reqguest.
:DD generation
(OR between
all the bits)
IMPU Set
acknowledge —D

SISRYi]
Reset by
software Reset

Tobiti+1
Figure 6-4. Lower Priority Request Masking—One Bit Diagram

6.1.4.4.2 Backward Compatibility with MPC555/MPC556

The enhanced interrupt controller is a feature thatlmesenabled according éouser’s application using
the EICEN control bit in SIUMCR regiier, which can be set and clearedrat time by sfiware. If the bit
is cleared, the default interrupt controltgyeration is availabl as described iBection 6.1.4.3, “Regular
Interrupt Controller OperatiofMPC555/MPC556-Compatible Mod&)rhe regular operation is fully
compatible with the interrupt contrel already implemented in MPC555/MPC556.

Figure 6-5illustrates the interrupt controlléunctionality in the MPC561/MPC563.
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Figure 6-5. MPC561/MPC563 Interrupt Controller Block Diagram
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6.1.4.5 Interrupt Overhead Estimation for Enhanced Interrupt Controller Mode

The interrupt overhead caets of two main parts:

» Storage of general and special purpose registers

* Recognition of the interrupt source
The interrupt overhead can increase latency, anedserthe overall systemrfl@mance. The overhead
of register saving time can beduced by improving the operating ®mt The number of registers that

should be saved can be reducediteinterrupt event has its own interrupt vector. This solution solves
the interrupt source recognition overheaable 6-5below illustrates the improvements.

Only registers required for the recognition routine aresaered to be saved in the calculations below.
Recognition of module internal eventsaninels is out of the scope oétbalculations. See also the typical
interrupt handler flowchart iRigure 6-6

Table 6-5. Interrupt Latency Estimation for Three Typical Cases

MPC561/MPC563
.MPCSGl/MPCS63 . MPC561/MPC563 Architecture Architecture Using
Architecture Without Using .
SIVEC Using SIVEC Enhanced Interrupt
Controller Features
Operation Interrupt propagation from Interrupt propagation from Interrupt propagation from
Details request module to RCPU — request module to RCPU — request module to RCPU —
8 clocks 8 clocks 6 clocks
Store of some GPR and Store of some GPR and SPR Store of some GPR and
SPR—10 clocks —10 clocks SPR—10 clocks
Read SIPEND—4 clocks Read SIVEC—4 clocks Only one branch is executed to
Read SIMASK—4 clocks Branch to routine—10 clocks reach the interrupt handler
SIPEND data processing — Read UIPEND—4 clocks routine of the device requesting
20 clocks UIPEND data processing — interrupt servicing—2 clocks
(find first set, access to LUT in | 20 clocks
the Flash, branches) (find first set, access to LUT in
Read UIPEND—4 clocks the Flash, branches)
UIPEND data processing—20
clocks

(find first set, access to LUT in
the Flash, branches)

Notes: If there is a need to enable To use this feature in compressed | —
nesting of interrupts during mode some undetermined
source recognition procedure, |latency is added to make a

at least 30 clocks should be branch to compressed address of
added to the interrupt latency | the routine. This latency is
estimation dependant on how the user code
is implemented.

Total: At Least 70-80 Clocks At Least 50-60 Clocks 20 Clocks

NOTE
Compiler and bus collision overheack not included in the calculations.
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Figure 6-6. Typical Interrupt Handler Routine

6.1.5 Hardware Bus Monitor

The bus monitor ensures that each bus cycle idriated within a reasonabpesriod of time. The USIU
provides a bus monitor optiam monitor internal to external bascesses on the external bus. The monitor
counts from transfer start to tisfer acknowledge and from transfekaowledge to transfer acknowledge
within bursts. If the monitor tingeout, transferreor acknowledge (TENs asserted internally by the

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 6-17



System Configuration and Protection

MPC561/MPC563, and RCPU accesteininated with a data errmausing a machine check state or
exception.

The bus monitor timing bit in thgystem protection control reggst(SYPCR[BMT]) defines the bus
monitor time-out period. Therogrammability othe time-out Bows for variation in system peripheral
response time. The timing ci@ganism is clocked by the external loleck divided by eight. The maximum
value is 2040 system clock cycles.

SYPCR[BME] enables or disables the bus monitor.rBgardless of the state of this bit the bus monitor
is always enabled when freeze is asserted in debug mode.

6.1.6 Decrementer (DEC)

The decrementer (DEC) is a 32-tecrementing counter defined tne MPC561/MPC563 architecture
to provide a decrementer interrupt.ig hinary counter is ocked by the same frequey as the time base
(also defined by the MPC500 architaetu The operation of the timedmand decrementer are therefore
coherent. The DEC is clocked by the TMBCLK clo€ke decrementer period is computed as follows:

232
Tpec =
FrmBCLK
The state of the DEC is not affected by any resetsshould be initializeby software. The DEC runs
continuously after power-up ontiee time base is enabled by saitihe TBE bit of the TBSCR (see
Table 6-18 (unless the clock module isqggrammed to turn off the clock). The decrementer continues
counting while reset is asserted.

Reading from the decrementer haseffect on the counter value. Wrig to the decrementer replaces the
value in the decrementer with the value in the GPR.

Whenever bit 0 (the MSB) of tldecrementer changes frararo to one, a decremter exception occurs.
If software alters the decrementer such that theeowmif bit O is changed to a value of 1, a decrementer
exception occurs.

A decrementer exception causes erdmenter interrupt request to be pending in the RCPU. When the
decrementer exception is taken, the decremanttrupt request is automatically cleared.

Table 6-6illustrates some of the peds available for the decrementassuming a 4-MHz or 20-MHz
crystal, and TBS = 0 which selects TMBCLK division to 4.

NOTE

Time base must be enabled to use the decrementeseSeen 6.2.2.4.4,
“Time Base Control and Status Register (TBSCRY more information.

Table 6-6. Decrementer Time-Out Periods

Count Value Time-Out @ 4 MHz Time-Out @ 20 MHz
0 1.0 ps 0.2 us
9 10 ps 2.0 ys
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Table 6-6. Decrementer Time-Out Periods (continued)

Count Value Time-Out @ 4 MHz Time-Out @ 20 MHz
99 100 ps 20 ps
999 1.0 ms 200 ps
9999 10.0 ms 2ms
999999 10s 200 ms
9999999 100s 20s
99999999 100.0s 20s
999999999 1000 s 200 s
(hex) FFFFFFFF 4295 s 859s

Refer toSection 3.9.5, “Decrementer Register (DE@)r more information.

6.1.7 Time Base (TB)

The time base (TB) is a 64-bie-running binary counter defined by the MPC500 architecture. The TB
has two independent reference regyistwhich can generate a maskabterrupt when the time base
counter reaches the value programmmeshe of the two refence registers. The ped of the TB depends

on the driving frequency. The TB is clockieg the TMBCLK clock. The period for the TB is:

264

T - -
FIMBCLK

B

The state of TB is not affected bypy resets and should be initializedsoftware. Reads and writes of the
TB are restricted to special instructions. Sepaspezial-purpose registeaise defined in the MPC500
architecture for reading and wngy the TB. For the ME561/MPC563 implementain, it is not possible
to read or write the entire TB insingle instruction. Therefer the mttb and mftb structions are used to
move the lower half of the time & (TBL) while the mttbu and mftbustructions are used to move the
upper half (TBU).

Two reference registers are assaawith the time base: TBREFAATBREF1. A maskable interrupt is
generated when the TB count reactoethe value programmed in onetbé two reference registers. Two
status bits in the time base control and statgister (TBSCR) indicate which one of the two reference
registers generated the interrupt.

Refer toSection 6.2.2.4, “System Timer Registéfer diagrams and bit descriptions of TB registers.
Refer toSection 3.9.4, “Time Base Facility (TB) — OFAand to theRCPU Reference Manufdr
additional information.

6.1.8 Real-Time Clock (RTC)

The RTC is a 32-bit counter and pre-divider useprtvide a time-of-dayndication to the operating
system and applicatisoftware as show iRigure 6-7 It is clocked by the FIRTCLK clock. The counter
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is not affected by reset and operates in all low-pana@des. It is initializedy software. The RTC can be
programmed to generatareaskable interrupt when the time value matches the value programmed in its
associated alarm register. It casabe programmed to generateraarrupt once a second. A control and
status register is used to enabtalisable the differdrfunctions and to report the interrupt source.

NOTE
PITRTCLK can be divided by 4 or 256. SEsble 8-1for default settings.

FREEZE

l RTSEC
. Sec
PITRTCLK Clock Divide Interrupt

Clock M Disable [& By 15625

MUX »  32-bit Counter (RTC)
Divide A

By 78125
Alarm
Interrupt

4-MHz/20-MHz crystal

32-bit Register (RTCAL)

Figure 6-7. RTC Block Diagram

6.1.9 Periodic Interrupt Timer (PIT)

The periodic interrupt timer consssof a 16-bit counter clocked liye PITRTCLK clock signal supplied
by the clock module as shownFigure 6-8

The 16-bit counter counts down to zero when loadél avwalue from the PIT@gister. After the timer
reaches zero, the PS bit is set anohtarrupt is generated if the PIE bit is a logic one. The software service
routine should read the PS bit andrtwrite a zero to terminate the imtgt request. Athe next input

clock edge, the value in the PITC is loaded ifne counter, and theqaress starts over again.

When a new value is written into the PITC, the padig timer is updated, the divider is reset, and the
counter begins counting.thie PS bit is not clearedn interrupt request is gerated. The request remains
pending until PS is cleared.tlie PS bit is set again prior to hgicleared, the interrupt remains pending
until PS is cleared.

Any write to the PITC stops therant countdown, and the count ressmeéth the new value in PITC. If
the PISCR[PTE] bit is not set, tR&T is unable to count and retainge thid count value. Reads of the PIT
have no effect on the counter value.
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PTE PITC
(PISCR) (PISCR)
y
PITRTCLK Clock 16-bit
Clock Disable Modulus PS (PISCR) -
Counter d
PIT
R Interrupt
PIE (PISCR)|
PITF (PISCR)
Figure 6-8. PIT Block Diagram
The timeout period is calculated as:
PIT _ _PITC+1 _ _ PITC+1
PERIOD = Fp 1prcLk  ExternalClock, )
4 or 256

Solving this equation using a 4-MHz extarelock and a pre-divider of 256 gives:

_PITC+1
PIToERIOD = 5605

This gives a range from 64 micexonds, with a PITC of 0x0000, to 4 d&conds, with a PITC of OXFFFF-.
When a 20-MHz crystal is usedtiva pre-divider of 256, the rangebetween 12.8 raroseconds to 0.84
seconds.

6.1.10 Software Watchdog Timer (SWT)

The software watchdog timer (SWT) prevents systarkdot in case the software becomes trapped in
loops with no controlled exit. The SWd enabled after system reset to causgstem reset if it times out.
The SWT requires a special servicgusence to be executed on a peridsisis. If this periodic servicing
action does not occur, tIVT times out and issues a reset noa-maskable interrupt (NMI), depending
on the value of the SWRI bit in the SYPCR register.

The SWT can be disabled by clewyithe SWE bit in the SYPCR. Ontee SYPCR is written by software,
the state of the SWE bit cannot be changed.

The SWT service sequence consists of the following two steps:
1. Write 0x556C to the softwaservice register (SWSR)
2. Write OXAA39 to the SWSR

The service sequence clears the watchdog timer anthiing process begins again. If any value other
than 0x556C or 0XxAA39 is written to the SWSR, the entire sequence must start over.
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Although the writes must occin the correct ater prior to time-out, any numer of instructions may be
executed between the writes. Thiswas interrupts and exceptions toaur, if necessary, between the two
writes.

Not 0x556C/Don’t Reload
Reset

0x556C/Don’t Reload

State 0
Waiting for 0x556C

State 1
Waiting for OXAA39

‘LOxAA39/ Reload

Not 0xAA39/Don’'t Reload

Not 0x556C/Don’t Reload

Figure 6-9. SWT State Diagram

Although most software disciplines support the Wwetgy concept, different systems require different
time-out periods. For this reason, the software nddg provides a selectalsknge for the time-out
period.

In Figure 6-1Qthe range is determined byethalue in the SWTC field. Thalue held in the SWTC field
is then loaded into a 16-bit decrementer cloickg the system clock. An additional divide by 2048
prescaler is used if necessary. The decremenggmdeounting when loadesiith a value from the
software watchdog timing counefd (SWTC). After the timer eeches 0x0, a software watchdog
expiration request is issuedttee reset or NMI control logic.

Upon reset, the value in the SWTC is set to theimam value and is again loaded into the software
watchdog register (SWR), startingetprocess over. When a new value is loaded into the SWTC, the
software watchdog timer is not updated until the sergisequence is written to the SWSR. If the SWE
is loaded with the value zero, the moduloamter does not count (i.WTC is disabled).
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SWSR
SWE Service

(SYPCR) Logic SWTC

System__,]  Clock Divide By 4
Clock Disable 2048 »| Reload _
i 16-bit R
eset
MUX —>) SWR/Decrementer

or NMI

T Rollover =0
FREEZE /

T ——» Time-out

SwWP
(SYPCR)

Figure 6-10. SWT Block Diagram

6.1.11 Freeze Operation

When the FREEZE line is asserted, the clocks to theae watchdog, the periadinterrupt timer, the
real-time clock, the time base coentand the decrementer can be lolisd. This is controlled by the
associated bits in the controbister of each timer. If programméo stop during FREZE assertion, the
counters maintain their values while FREEZE is @ede The bus monitor renms enabled regardless of
this signal.

6.1.12 Low Power Stop Operation

When the processor is set in avlpower mode (doze, sleep, or desdpep), the software watchdog timer
is frozen. It remains frozen and mtins its count value until the pressor exits this state and resumes
executing instructions.

The periodic interrupt timer, decremen and time baseeanot affected by these low-power modes. They
continue to run at their respectiveduencies. These timers are capablgenerating an terrupt to bring
the MCU out of these low-power modes.

6.2 Memory Map and Register Definitions

This section provides the MPC561/MPC563 memory megister diagrams and bit descriptions of the
system configurationral protection registers.

6.2.1 Memory Map
The MPC561/MPC563 internal memory space lbarassigned to one of eight locations.
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The internal memory map is organizas a single 4-Mbyte t@tk. The user can assitms block to one of
eight locations by programming theB#eld in the internal memomnapping register (IMMR). The eight
possible locations are tlfiest eight 4-Mbyte memorplocks starting witladdress 0x0000 0000. (Refer to
Figure 6-11)

0x0000 0000
47
0x003F FFFF
0x0040 0000
47
0X007F FFFF
0X0080 0000
4—
O0X00BF FFFF
0x00CO0 0000
47
O0xO00FF FFFF Internal 4-Mbyte Memory Block
0x0100 0000 (Resides in one of eight locations)
4—
0x013F FFFF
0x0140 0000
‘7
0x017F FFFF
0x0180 0000
47
0x01BF FFFF
0x01CO0 0000
‘7

O0X01FF FFFF

OXFFFF FFFF

Figure 6-11. MPC561/MPC563 Memory Map

6.2.2 System Configuration and Protection Registers
This section describeseatMPC561/MPC563 registers.

6.2.2.1 System Configuration Registers
System configuration registemclude the SIUMCR, the IMR, and the EMCR registers.
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6.2.2.1.1 SIU Module Configuration Register (SIUMCR)

The SIUMCR contains bitshich configure various feates in the SIU module. Elregister contents are
shown below.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| EARB EARP — DSHW DBGC — ATWC | GPC |DLK
HRESET| IDO! 000_0000 0 ID[9:10]* D111 D121 000
Addr 0x2F C000
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field NOS LPMASK | BURST
— sC RCTX | MLRC | — | MTSC | ja (EICEN | = TEq “EN —
HRESET| 0 |ID[17:18] 0_0000_0000_0000

1 The reset value is a reset configuration word value, extracted from the internal data bus line. Refer to Section 7.5.2, “Hard
Reset Configuration Word (RCW).”

Figure 6-12. SIU Module Configuration Register (SIUMCR)

WARNING

All SIUMCR fields which are contradld by the reset configuration word
should not be changed by softwarkile the correspondg functions are
active.

Table 6-7. SIUMCR Bit Descriptions

Bits Name Description

0 EARB External arbitration
0 Internal arbitration is performed
1 External arbitration is assumed

1:3 EARP External arbitration request priority. This field defines the priority of an external master’'s
arbitration request. This field is valid when EARB is cleared. Refer to Section 9.5.7.4, “Internal
Bus Arbiter,” for details.

4:7 — Reserved

8 DSHW Data show cycles. This bit selects the show cycle mode to be applied to U-bus data cycles (data
cycles to IMB modules and Flash EEPROM). This field is locked by the DLK bit. Note that
instruction show cycles are programmed in the ICTRL and L-bus data show cycles are
programmed in the L2ZUMCR.

0 Disable show cycles for all internal data cycles

1 Show address and data of all internal data cycles

9:10 DBGC Debug pins configuration. Refer to Table 6-8.

11 DBPC Reserved.

12 ATWC Address write type enable configuration. This bit configures the pins to function as byte write
enables or address types for debugging purposes.

0 WE[0:3)/BE[0:3)/AT[0:3] functions as WE[0:3)/BE[0:3]*

1 WE[0:3)/BE[0:3]/AT[0:3] functions as AT[0:3]
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Table 6-7. SIUMCR Bit Descriptions (continued)

Bits Name Description
13:14 GPC This bit configures the pins as shown in Table 6-9.
15 DLK Debug register lock

0 Normal operation
1 SIUMCR is locked and can be written only in test mode or when the internal freeze signal is

asserted.
16 — Reserved
17:18 SC Single-chip select. This field configures the functionality of the address and data buses.
Changing the SC field while external accesses are performed is not supported. Refer to
Table 6-10.
19 RCTX Reset configuration/timer expired. During reset the RSTCONF/TEXP pin functions as

RSTCONF. After reset the pin can be configured to function as TEXP, the timer expired signal
that supports the low-power modes.

0 RSTCONF/TEXP functions as RSTCONF

1 RSTCONF/TEXP functions as TEXP

20:21 MLRC Multi-level reservation control. This field selects between the functionality of the reservation logic
and IRQ pins, refer to Table 6-11.
22:23 — Reserved
24 MTSC Memory transfer start control.

0 IRQ2/CR/SGPIOC2/MTS functions according to the MLRC bits setting
1 IRQ2/CR/ISGPIOC2/MTS functions as MTS

25 NOSHOW | Instruction show cycles disabled. If the NOSHOW bit is set (1), then all instruction show cycles
are NOT transmitted to the external bus.

26 EICEN Enhanced interrupt controller enable. See Section 6.1.4.4, “Enhanced Interrupt Controller
Operation,” for more information.

0 Enhanced interrupt controller operates in regular mode (compatible with MPC555/MPC556)
1 Enhanced interrupt controller is enabled

27 LPMASK_EN | Low priority request masking enable.
0 Lower priority interrupt request masking is disabled
1 Lower priority interrupt request masking is enabled

28 BURST_EN |Burst enable.

0 Burst operation is enabled by the BBCMCR[BE]. Maximum burst length is fixed at 4 beats.

1 USIU initiated burst accesses on the external bus. Maximim burst length can be 4 or 8 beats
and this may be programmed per memory region. Refer to Section 10.2.5, “Burst Support,”
for more information.

Note: Do not assert TEA on the external bus for instruction fetch while

SIUMCR[BURST_EN] = 1. Do not place code at the last 8 words of a memory controller
region while SIUMCR[BURST_EN] = 1.

29:31 — Reserved

1 WE/BE is selected per memory region by WEBS in the appropriate BR register in the memory controller.
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Table 6-8. Debug Pins Configuration

Pin Function
DBGC — — — —
IWP[0:1]/VFLS[0:1] BI/STS BG/VFO/LWP1 BR/VF1/IWP2 BB/VF2/IWP3
00 VFLS[0:1] BI BG BR BB
01 IWP[0:1] STS BG BR BB
10 VFLS[0:1] STS VFO VF1 VF2
11 IWP[0:1] STS LWP1 IWP2 IWP3
Table 6-9. General Pins Configuration
Pin Function
GPC
FRZ/PTR/ISGPIOC6 IRQOUT/LWPO/SGPIOC7
00 PTR LWPO
01 SGPIOC6 SGPIOC7
10 FRzZ LWPO
11 FRz IRQOUT

Table 6-10. Single-Chip Select Field Pin Configuration

SC

Pin Function

DATA[0:15]/
SGPIOD[0:15]

DATA[16:31]
SGPIOD[16:31]

ADDRI[8:31]/
SGPIOA[8:31]

00 (multiple chip, 32-bit port size) DATA[0:15] DATA[16:31] ADDRJ[8:31]
01 (multiple chip, 16-bit port size DATA[0:15] SPGIOD[16:31] ADDRJ[8:31]
10 (single-chip with address show SPGIOD[0:15] SPGIOD[16:31] ADDRJ[8:31]
cycles for debugging)

11 (single-chip) SPGIOD[0:15] SPGIOD[16:31] SPGIOA[8:31]
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Table 6-11. Multi-Level Reservation Control Pin Configuration

Pin Function
MLRC S G'E%)éo / IRQ1/RSV/ IRQ2/CR/ IRQ3/KR/ IRQ4/AT2/ IRQ5/
ooy SGPIOC1 | SGPIOC2/MTS | RETRY /SGPIOC3 | SGPIOC4 | SGPIOC5/MODCK1?!
00 IRQO IRQ1 IRQ22 IRQ3 IRQ4 IRQ5/MODCK1
01 IRQO RSV CR? KR/RETRY AT2 IRQ5/ MODCK1
10 SGPIOCO SGPIOC1 SGPIOC2? SGPIOC3 SGPIOC4 | SGPIOC5/MODCK1
11 IRQO IRQ1 SGPI0OC22 KR/RETRY AT2 SGPIOC5/MODCK1

1 Operates as MODCK1 during reset.
2 This is true if MTSC is reset to 0. Otherwise, IRQ2/CR/SGPIOC2/MTS will function as MTS.

6.2.2.1.2 Internal Memory Map Register (IMMR)

The internal memory map register (IMMR) is gister located withithe MPC561/MPC563 special
register space. The IMMR containgidification of a specific device agll as the base for the internal
memory map. Based on the value réadh this register, software caeduce availability and location of
any on-chip system resources.

This register can be read by the mfspr instrucflidre ISB field can be written by the mtspr instruction.
The PARTNUM and MASKNUM fields are nsk programmed and cannot be changed.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field PARTNUM MASKNUM
HRESET| 0 0 1 1 0 xL | xt x1 Read-Only Fixed Value
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field — FLEN — — — ISB —
HRESET 0000 D20t 00 ID232 0000 ID[28:30]* 0
Addr SPR 638

1 The reset value is 101 for MPC561 and 110 for MPC563.

2 The reset value is a reset configuration word value extracted from the indicated bits of the internal data bus. Refer to
Section 7.5.2, “Hard Reset Configuration Word (RCW).”

Figure 6-13. Internal Memory Mapping Register (IMMR)
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Table 6-12. IMMR Bit Descriptions

Bits Name Description

0:7 PARTNUM | This read-only field is mask programmed with a code corresponding to the part number of
the part on which the SIU is located. It is intended to help factory test and user code which
is sensitive to part changes. This changes when the part number changes. For example, it
would change if any new module is added, if the size of any memory module is changed. It
would not change if the part is changed to fix a bug in an existing module. The MPC561 has
an ID of 0x35. The MPC563 has an ID of 0x36.

8:15 MASKNUM | This read-only field is mask programmed with a code corresponding to the mask number of
the part. It is intended to help factory test and user code which is sensitive to part changes.

16:19 — Reserved
20 FLEN Flash enable is a read-write bit. The default state of FLEN is hegated, meaning that the boot
is performed from external memory. This bit can be set at reset by the reset configuration
word.

0 On-chip Flash memory is disabled, and all internal cycles to the allocated Flash address
space are mapped to external memory
1 On-chip Flash memory is enabled

21:22 — Reserved
23 — Reserved. This bit should be programmed to 0 at all times.
24:27 — Reserved
28:30 ISB This read-write field defines the base address of the internal memory space. The initial value

of this field can be configured at reset to one of eight addresses, and then can be changed
to any value by software. Internal base addresses are as follows:

000 0x0000 0000

001 0x0040 0000

010 0x0080 0000

011 0x00CO0 0000

100 0x0100 0000

101 0x0140 0000

110 0x0180 0000

111 0x01CO0 0000

31 — Reserved

6.2.2.1.3 External Master Control Register (EMCR)

The external master control register selects themaitenaster modes and determines the internal bus
attributes for external-to-internal accesses.
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MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field —
HRESET 0000_0000_0000_0000
Addr 0x2F C030
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| PRPM | SLVM | — SIZE  |SUPU|INST — RESV |CONT| — |TRAC|SIZEN —
HRESET| ID16' | © 0 01 0 1 00 1 1 0 1 1 00

1 The reset value is a reset configuration word value, extracted from the indicated internal data bus line. Refer to Section 7.5.2,
“Hard Reset Configuration Word (RCW)."

Figure 6-14. External Master Control Register (EMCR)

Table 6-13. EMCR Bit Descriptions

Bits Name Description
0:15 — Reserved
16 PRPM Peripheral mode. In this mode, the internal RCPU core is shut off and an alternative master on

the external bus can access any internal slave module. The reset value of this bit is determined
by the reset configuration word bit 16. The bit can also be written by software.

0 Normal operation

1 Peripheral mode operation

17 SLVM Slave mode (valid only if PRPM = 0). In this mode, an alternative master on the external bus can
access any internal slave module while the internal RCPU core is fully operational. If PRPM is
set, the value of SLVM is a “don’t care.”

0 Normal operation

1 Slave mode

18 — Reserved

19:20 SIZE Size attribute. If SIZEN = 1, the SIZE bits controls the internal bus attributes as follows:
00 Double word (8 bytes)

01 Word (4 bytes)

10 Half word (2 bytes)

11 Byte

21 SUPU | Supervisor/user attribute. SUPU controls the supervisor/user attribute as follows:
0 Supervisor mode access permitted to all registers
1 User access permitted to registers designated “user access”

22 INST Instruction attribute. INST controls the internal bus instruction attribute as follows:
0 Instruction fetch
1 Operand or non-CPU access

23:24 — Reserved

25 RESV Reservation attribute. RESV controls the internal bus reservation attribute as follows:
0 Storage reservation cycle
1 Not a reservation
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Table 6-13. EMCR Bit Descriptions (continued)

Bits Name Description

26 CONT | Control attribute. CONT drives the internal bus control bit attribute as follows:
0 Access to MPC561/MPC563 control register, or control cycle access
1 Access to global address map

27 — Reserved

28 TRAC | Trace attribute. TRAC controls the internal bus program trace attribute as follows:
0 Program trace
1 Not program trace

29 SIZEN External size enable control bit. SIZEN determines how the internal bus size attribute is driven:
0 Drive size from external bus signals TSIZE[0:1]
1 Dirive size from SIZEO, SIZE1 in EMCR

30:31 — Reserved

6.2.2.2 SIU Interrupt Controller Registers

The SIU interrupt controller contas the following registers: SIPENBIPEND2 and SIPEND3 (interrupt
pending registers), SIMASK, SIMASKand SIMASKS3 (interrupt magilegisters), SIEL, SIVEC, SISR2
and SISRS3.

The SIPEND and SIMASK registers are used whenrtegrupt controller is configured for regular,
MPC555/MPC556 compatible, operation. SNHHE2, SIPEND3, SIMASK2, SIMASK3, SISR2 and
SISR3 registers are used only when the interraptroller is operating in enhanced interrupt mode.

SIPEND, SIPEND2 and SIPEND3 are 321igisters. Each bit in the ratgr corresponds to an interrupt
request. The bits associated with intd exceptions indicate, if setathan interrupt service is requested.
These bits reflect the status of the internal requgesievice, and will be cleared when the appropriate
actions are initiated by softwaire the device itself. Writing to these bits has no effect.

The bits associated with the IRfhs have a different behaviorminding on the sensitivity defined for
them in the SIEL register. When the IR Qdefined as a “level” intaupt the corresponding bit behaves in
a manner similar to the biéssociated with internaltierrupt sources, (i.e., itftects the status of the IRQ
pin). This bit can not be changeddxftware, it will be aéared when the exterrmgnal is negated. When
the IRQis defined as an “edge” interrupt, if the corresponding set, it indicatethat a falling edge was
detected on the line. The bit must bseteby software by writing a ‘1’ to it.

The following acronym definitionspply to the various bits implemertén the SIU interrupt controller
registers.

Table 6-14. SIU Interrupt Controller — Bit Acronym Definitions

Name Description

IRQNn Interrupt Signal n Request

LVLn Interrupt Level n Request
IMBIRQnN Intermodule Bus Interrupt Level n Request

IRMn Interrupt Signal n Mask
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Table 6-14. SIU Interrupt Controller — Bit Acronym Definitions

Name Description

LVMn Interrupt Level n Mask

EDn Falling Edge Detect, Interrupt Signal n
WMn Wakeup Mask, Interrupt Signal n

6.2.2.2.1 SIU Interrupt Pending Register (SIPEND)

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| IRQO | LVLO | IRQ1 | LVL1 | IRQ2 | LVL2 | IRQ3 | LVL3 | IRQ4 | LVL4 | IRQ5 | LVL5 | IRQ6 | LVL6 | IRQ7 | LVL7
SRESET 0000_0000_0000_0000
Addr 0x2F C010
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
SRESET 0000_0000_0000_0000
Figure 6-15. SIU Interrupt Pending Register (SIPEND)
6.2.2.2.2 SIU Interrupt Pending Register 2 (SIPEND2)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| IRQO [LVLO | IMB | IMB | IMB | IMB |IRQ1 | LVL1 [IMB |IMB | IMB | IMB | IRQ2 | LVL2 | IMB | IMB
IRQO | IRQ1 | IRQ2 | IRQ3 IRQ4|IRQ5| IRQ6 | IRQ7 IRQ8 | IRQ9
SRESET 0000_0000_0000_0000
Addr 0x2F C040
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| IMB | IMB [IRQ3|LVL3 | IMB | IMB | IMB | IMB |IRQ4|LVL4| IMB | IMB | IMB | IMB |IRQ5 | LVL5
IRQ10 | IRQ1 IRQ12|IRQ13 |IRQ14|IRQ15 IRQ16 |IRQ17|IRQ18 |IRQ19
1
SRESET 0000_0000_0000_0000

Figure 6-16. SIU Interrupt Pending Register 2 (SIPEND2)
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6.2.2.2.3 SIU Interrupt Pending Register 3 (SIPEND3)

MSB

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| IMB | IMB | IMB | IMB |[IRQ|LVL| IMB | IMB | IMB | IMB [IRQ|LVL| IMB | IMB | IMB | IMB
IRQ20|IRQ21|IRQ22[IRQ23| 6 | 6 |IRQ24|IRQ25|IRQ26|IRQ27| 7 | 7 |IRQ28|IRQ29|IRQ30|IRQ31
SRESET 0000_0000_0000_0000
Addr Ox2F C044
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
SRESET 0000_0000_0000_0000

Figure 6-17. SIU Interrupt Pending Register 3 (SIPEND3)

6.2.2.2.4 SIU Interrupt Mask Register (SIMASK)

SIMASK is a 32-bit read/write registéfach bit in the register correspts to an interrupt request bit in
the SIPEND register.

SIMASK?2 is a 32-bit read/write regest Each bit in the register corpemds to an interrupt request bit in
the SIPEND2 register.

SIMASKS3 is a 32-bit read/write reget Each bit in the register corpesds to an interrupt request bit in
the SIPEND3 register.

When the bit is set, it enables the generaticanohterrupt request the RCPU. SIMASK, SIMASK2,
SIMASKS3 are updated by software and cleared upon resethe responsibility of the software to
determine which of the interrupbgrces are enabled at a given time.

NOTE

Disable external interrupts in theregorior to changing any interrupt
controller related register (SIMASISIPEND, SIEL, or SISR). Refer to
MSR[EE] bit description imable 3-11and the note regarding special
handling of the EIC irSection 6.1.4.4, “Enhanced Interrupt Controller
Operation”
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MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field|IRMO®|LVMO [ IRM1 | LVM1 | IRM2 [LVM2 | IRM3 | LVM3 | IRM4 | LVM4 | IRM5 | LVM5 | IRM6 | LVM6 | IRM7 | LVM7
SRESET 0000_0000_0000_0000
Addr Ox2F C014
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
SRESET 0000_0000_0000_0000

11RQO of the SIPEND register is not affected by the setting or clearing of the IRMO bit of the SIMASK register. IRQO is a
non-maskable interrupt.

Figure 6-18. SIU Interrupt Mask Register (SIMASK)

6.2.2.25 SIU Interrupt Mask Register 2 (SIMASK2)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field|IRQO*| LVLO | IMB | IMB | IMB | IMB |IRQ1 | LVL1 | IMB | IMB | IMB | IMB |IRQ2 | LVL2 | IMB | IMB
IRQO|IRQ1 | IRQ2 | IRQ3 IRQ4 | IRQ5 | IRQ6 | IRQ7 IRQ8 | IRQ9
SRESET 0000_0000_0000_0000
Addr Ox2F C048
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| IMB | IMB |IRQ3|LVL3| IMB | IMB | IMB | IMB [IRQ4|LVL4| IMB | IMB | IMB | IMB |IRQS5|LVL5
IRQ10| IRQ1 IRQ12 | IRQ13|IRQ14|IRQ15 IRQ16|IRQ17|IRQ18|IRQ19
1
SRESET 0000_0000_0000_0000

11RQO of the SIPEND2 register is not affected by the setting or clearing of the IRQO bit of the SIMASK2 register. IRQO is a
non-maskable interrupt
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6.2.2.2.6 SIU Interrupt Mask Register 3 (SIMASK?3)

MSB

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| IMB | IMB | IMB | IMB |IRQ|LVL| IMB | IMB | IMB | IMB [IRQ|LVL| IMB | IMB | IMB | IMB
IRQ20|IRQ21|IRQ22|IRQ23| 6 | 6 |IRQ24|IRQ25|IRQ26|IRQ27| 7 | 7 |IRQ28|IRQ29|IRQ30|IRQ31
SRESET 0000_0000_0000_0000
Addr OXx2F C04C
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
SRESET 0000_0000_0000_0000

Figure 6-20. SIU Interrupt Mask Register 3 (SIMASK?3)

6.2.2.2.7 SIU Interrupt Edge Level Register (SIEL)

The SIEL is a 32-bit read/write regest Each pair of bits correspondsatoexternal interrupt request. The
EDx bit, if set, specifies thatfalling edge in the corresponding IRiQe will be detead as an interrupt
request. When the EDx bit is 0, a low logical level in the IR®will be detecteds an interrupt request.
The WMx (wake-up mask) bit, if sethdicates that an interrupt requéstection in te corresponding line
causes the MPC561/MPC563dgrit low-power mode.

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

Field| EDO | WMO | ED1 |WM1 | ED2 | WM2 | ED3 | WM3 | ED4 | WM4 | ED5 | WM5 | ED6 | WM6 | ED7 | WM7

HRESET 0000_0000_0000_0000
Addr O0x2F C018
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
HRESET 0000_0000_0000_0000

Figure 6-21. SIU Interrupt Edge Level Register (SIEL)

6.2.2.2.8 SIU Interrupt Vector Register (SIVEC)

The SIVEC is a 32-bit read-only retgr that contains an 8-bit corepresenting the unmasked interrupt
source of the higheptiority level. The SIVEC cahe read as either a byte|fhaord, or word. When read
as a byte, a branch tablendae used in which each entry containg instruction (branch). When read as
a half-word, each entry can contain a full routineipto 256 instructions. The interrupt code is defined
such that its two leastgnificant bits are 0, thus allowing indexgj into the table. The two possible ways
of the code usage are shownFogure 6-23
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MSB
0 1 2 3 4 7 8 9 10 11 12 13 14 15
Field INTERRUPT CODE —
Reset 0011_1100 0000_0000
Addr O0x2F C01C
LSB
16 17 18 19 20 23 24 25 26 27 28 29 30 31
Field —
Reset 0000_0000_0000_0000
Figure 6-22. SIU Interrupt Vector Register (SIVEC)
INTR: INTR:
Save state Save state
R3 m @SIVEC R3 m @SIVEC
R4 mBase of branch table R4 mBase of branch table
Ibz RX, R3 (0)# load as byte lhz RX, R3 (0)# load as half
add RX, RX, R4 add RX, RX, R4
mtsprCTR, RX mtspr CTR, RX
bctr bctr
BASE 1st Instruction of Routinel |
BASE b Routinel .
BASE + 400 1st Instruction of Routine2 |
BASE + 4 b Routine2 .
BASE + 800 1st Instruction of Routine3 |
BASE + 8 b Routine3 .
BASE + C00 Tst Instruction of Routine4 |
BASE + C b Routine4 .
BASE +1000 | . |
BASE +10 . °
BASE +n | . |
BASE + n . '
Figure 6-23. Example of SIVEC Register Usage for Interrupt Table Handling
MPC561/MPC563 Reference Manual, Rev. 1.2
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6.2.2.2.9 Interrupt In-Service Registers (SISR2 and SISR3)

SISR2, SISR3 are 32-bit read/write #grs. Each bit in the registarrresponds to an interrupt request.
A bit is set if:

* There is a pending interrupt request (SIPENDZfat is not masked by (SIMASK2/3), and
» The BBC/IMPU acknowledgasterrupt request and latches SIVEC value.
Once a bit is set, all requestith lower or equal pridly become masked (i.e.al will not generate any

interrupt request to the RCPU) untiktbit is cleared. A bit isleared by writing a ‘1’ to it. Writing zero
has no effect.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| IRQO | LVLO | IMB | IMB | IMB IMB [IRQ1 | LVL1 | IMB | IMB | IMB | IMB | IRQ2 | LVL2 | IMB | IMB
IRQO|IRQ1| IRQ2 | IRQ3 IRQ4 | IRQ5 | IRQ6 | IRQ7 IRQ8 | IRQ9
SRESET 0000_0000_0000_0000
Addr 0x2F C050
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| IMB | IMB |IRQ3|LVL4| IMB IMB | IMB IMB |IRQ4|LVL4| IMB | IMB | IMB IMB | IRQ5 | LVL5
IRQ10|IRQ11 IRQ12 [IRQ13|IRQ14|IRQ15 IRQ16 |IRQ17|IRQ18|IRQ19
SRESET 0000_0000_0000_0000
Figure 6-24. Interrupt In-Service Register 2 (SISR2)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| IMB | IMB | IMB IMB [IRQ|LVL| IMB IMB IMB IMB |IRQ|LVL| IMB | IMB | IMB IMB
IRQ20|IRQ21|IRQ22|IRQ23| 6 | 6 |IRQ24|IRQ25|IRQ26|IRQ27| 7 | 7 |IRQ28|IRQ29|IRQ30|IRQ31
SRESET 0000_0000_0000_0000
Addr 0x2F C054
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
SRESET 0000_0000_0000_0000

Figure 6-25. Interrupt In-Service Register 3 (SISR3)

6.2.2.3 System Protection Registers

6.2.2.3.1 System Protection Control Register (SYPCR)

The system protection control register (SYPC&)tmls the system monitors, the software watchdog
period, and the bus monitor timing. Thegister can be read at any tirhat can be wtien only once after
system reset.
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MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SWTC
HRESET 1111 1121 1111 1111
Addr O0x2F C004
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field BMT BME — SWF | SWE | SWRI | SWP
HRESET 1111 1111 0 000 0 1 1 1
Figure 6-26. System Protection Control Register (SYPCR)
Table 6-15. SYPCR Bit Descriptions
Bits Name Description
0:15 SWTC | Software watchdog timer count. This field contains the count value of the software watchdog
timer.
16:23 BMT Bus monitor timing. This field specifies the time-out period, in eight-system-clock resolution, of
the bus monitor. BMT must be set to non zero even if the bus monitor is not enabled.
24 BME Bus monitor enable
0 Disable bus monitor
1 Enable bus monitor
25:27 — Reserved
28 SWF Software watchdog freeze
0 Software watchdog continues to run while FREEZE is asserted
1 Software watchdog stops while FREEZE is asserted
29 SWE Software watchdog enable. Software should clear this bit after a system reset to disable the
software watchdog timer.
0 Watchdog is disabled
1 Watchdog is enabled
30 SWRI Software watchdog reset/interrupt select
0 Software watchdog time-out causes a non-maskable interrupt to the RCPU
1 Software watchdog time-out causes a system reset
31 SWP Software watchdog prescale
0 Software watchdog timer is not prescaled
1 Software watchdog timer is prescaled by 2048

6.2.2.3.2 Software Service Register (SWSR)

The SWSR is the location to which the SWT sengcsequence is written. wevent SWT time-out, a
0x556C followed by OXAA39 should be wgh to this register. The SWSMan be written aany time but
returns all zeros when read.
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MSB LSB
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Field SWSR
Reset 0000_0000_0000_0000
Addr 0x2F COOE
Figure 6-27. Software Service Register (SWSR)
Table 6-16. SWSR Bit Descriptions
Bits Name Description
SWT servicing sequence is written to this register. To prevent SWT time-out, a Ox556C followed
0:15 SWSR | by 0xAA39 should be written to this register. The SWSR can be written at any time but returns
all zeros when read.
6.2.2.3.3 Transfer Error Status Register (TESR)

The transfer error status registentains a bit for each exception sougemerated by a transfer error. A
bit set to logic 1 indicates what typétransfer error exception occurreidce the last time the bits were

cleared by reset or by the normal softevatatus bit-clearing mechanism.

NOTE

These bits may be set due to caedespeculative accesses which do not
cause an interrupt. The retgr has two identical set$ bit fields; one is
associated with instruction trangeand the other with data transfers.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field —
Reset 0000_0000_0000_0000
Addr 0x2F C020
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field — IEXT | IBMT — DEXT | DBM —
Reset 0000_0000_0000_0000
Figure 6-28. Transfer Error Status Register (TESR)
Table 6-17. TESR Bit Descriptions
Bits Name Description
0:17 — Reserved
18 IEXT Instruction external transfer error acknowledge. This bit is set if the cycle was terminated by an
externally generated TEA signal when an instruction fetch was initiated.
19 IBMT Instruction transfer monitor time out. This bit is set if the cycle was terminated by a bus monitor
time-out when an instruction fetch was initiated.
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Table 6-17. TESR Bit Descriptions (continued)

Bits Name Description
20:25 — Reserved
26 DEXT Data external transfer error acknowledge. This bit is set if the cycle was terminated by an
externally generated TEA signal when a data load or store is requested by an internal master.
27 DBM Data transfer monitor time out. This bit is set if the cycle was terminated by a bus monitor time-out
when a data load or store is requested by an internal master.
28:31 — Reserved

6.2.2.4 System Timer Registers

The following sections describe retgrs associated with the systemers. These facilities are powered
by the KAPWR and can preserve their value wtienmain power supply is off. Refer$ection 8.2.3,
“Pre-Divider,” for details on the required a@hs needed in order to guarantee this data retention.

A list of KAPWR registers affectelly the key/lock mechanism is foundTable 8-8

6.2.2.4.1 Decrementer Register (DEC)

The 32-bit decrementer register igided by the PowerPC architecture. Madues stored in this register
are used by a down counter to cause decremexteptions. The decrentencauses an exception
whenever bit zero changes from a togero to a logic one. A read of tinesyister always returns the current
count value from the down counter.

Contents of this register can lead or written to by the mfspr oretimtspr instruction. The decrementer
register is reset by PORESEHRESETand SRESET™o not affect this register. The decrementer is
powered by standby power and can contittueount when standby power is applied.

Decrementer counts down the timeséalock and the counting is etebby TBE bit in TBCSR register
Section 6.2.2.4.4, “Time Base Conteoid Status Register (TBSCR)

MSB LSB
0 31
Field DECREMENTING COUNTER
PORESET 0000_0000_0000_0000_0000_0000_0000_0000
HRESET Unaffected
SRESET
Addr SPR 22

Figure 6-29. Decrementer Register (DEC)

Refer toSection 3.9.5, “Decrementer Register (DEfoy more information on this register.

6.2.2.4.2 Time Base SPRs (TB)

The TB is a 64-bit register canhing a 64-bit integer that isaremented periodically. There is no
automatic initialization of the TB; ghsystem software must perform timigialization. Thecontents of the
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register may be written by the mittly the mttbu instructions, s&ection 3.9.4, “Time Base Facility (TB)
— OEA”

Refer toSection 3.8, “VEA RegisteBet — Time Base (TBand Section 3.9.4, “Time Base Facility (TB)
— OEA’ for more information on reading anditing the TBU and TBL registers.

MSB LSB
0 31 32 63
Field TBU TBL
PORESET Unaffected
Addr SPR 269, SPR 268

Figure 6-30. Time Base (Reading) (TB)

MSB LSB
0 31 32 63
Field TBU TBL
PORESET Unaffected
Addr SPR 285, SPR 284

Figure 6-31. Time Base (Writing) (TB)

6.2.2.4.3 Time Base Reference Registers (TBREFO and TBREF1)

Two reference registers (TBREFO arBREF1) are associated with thevier part of the time base (TBL).
Each is a 32-bit read/write register. Upon a matdtvéen the contents of TBL and the reference register,
a maskable interrupt is generated.

MSB LSB
0 31
Field TBREFO
Reset Unaffected
Addr 0x2F C204

Figure 6-32. Time Base Reference Register 0 (TBREFO)

MSB LSB
0 31
Field TBREF1
Reset Unaffected
Addr Ox2F C208

Figure 6-33. Time Base Reference Register 1 (TBREF1)
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6.2.2.4.4

Time Base Control and Status Register (TBSCR)

The TBSCR is 16-bit read/write resger. It controls the TB, decrementer count enable, and interrupt
generation and is used for reporting #ource of the interrupts. The registan be read anytime. A status
bit is cleared by writing a one to {iVriting a zero has no effect.) More thame bit can be cleared at a time.

MSB LSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field TBIRQ REFA | REFB — REFAE | REFBE | TBF | TBE
PORESET 0000_0000_0000_0000
Addr 0x2F C200
Figure 6-34. Time Base Control and Status Register (TBSCR)
Table 6-18. TBSCR Bit Descriptions
Bits Name Description
0:7 TBIRQ | Time base interrupt request. These bits determine the interrupt priority level of the time base.
Refer to Section 6.1.4, “Enhanced Interrupt Controller” for interrupt level encoding.
8 REFA Reference A (TBREFO) interrupt status.
0 No match detected
1 TBREFO value matches value in TBL
9 REFB Reference B (TBREF1) interrupt status.
0 No match detected
1 TBREF1 value matches value in TBL
10:11 — Reserved
12 REFAE | Reference A (TBREFO) interrupt enable. If this bit is set, the time base generates an interrupt
when the REFA bit is set.
13 REFBE |Reference B (TBREF1) interrupt enable. If this bit is set, the time base generates an interrupt
when the REFB bit is set.
14 TBF Time base freeze. If this bit is set, the time base and decrementer stop while FREEZE is
asserted.
15 TBE Time base enable
0 Time base and decrementer are disabled
1 Time base and decrementer are enabled
6.2.2.4.5 Real-Time Clock Status and Control Register (RTCSC)

The RTCSC enables the different RTC functions and teplee source of the interrupts. The register can
be read anytime. A status bit iated by writing a one it (Writing a zero does not affect a status bit’s

value.) More than one status bit dacleared at a time. This regisi®focked after reset by default.
Unlocking is accomplished by writing OxX55CQ\A3 to its associatekkey register. SeBection 8.8.3.2,
“Keep-Alive Power Registers Lock Mechani$m
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MSB LSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field RTCIRQ SEC | ALR — 4M | SIE | ALE | RTF | RTE
PORESET 0000_0000_000 U 000 U
Addr 0x2F C220

Figure 6-35. Real-Time Clock Status and Control Register (RTCSC)

Table 6-19. RTCSC Bit Descriptions

Bits Name Description

0:7 RTCIRQ |Real-time clock interrupt request. Thee bits determine the interrupt priority level of the RTC.
Refer to Section 6.1.4, “Enhanced Interrupt Controller” for interrupt level encoding.

8 SEC Once per second interrupt. This status bit is set every second. It should be cleared by the
software.

9 ALR Alarm interrupt. This status bit is set when the value of the RTC equals the value programmed in
the alarm register.

10 — Reserved

11 aM Real-time clock source

0 RTC assumes that it is driven by 20 MHz to generate the seconds pulse.
1 RTC assumes that it is driven by 4 MHz

12 SIE Second interrupt enable. If this bit is set, the RTC generates an interrupt when the SEC bit is set.
13 ALE Alarm interrupt enable. If this bit is set, the RTC generates an interrupt when the ALR bit is set.
14 RTF Real-time clock freeze. If this bit is set, the RTC stops while FREEZE is asserted.

15 RTE Real-time clock enable

0 RTC is disabled
1 RTC is enabled

6.2.2.4.6 Real-Time Clock Register (RTC)

The real-time clock register is a B&-read write register. It contairise current value of the real-time
clock. A write to the RTC resets the seconds timeeto. This register is locked after reset by default.
Unlocking is accomplished by writing OxX55CQ\A3 to its associatekkey register. SeBection 8.8.3.2,
“Keep-Alive Power Registers Lock Mechanidm

MSB LSB
0 31
Field RTC
Reset Unaffected
Addr Ox2F C224

Figure 6-36. Real-Time Clock Register (RTC)
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6.2.2.4.7 Real-Time Clock Alarm Register (RTCAL)

The RTCAL is a 32-bit read/write register. When va&ue of the RTC is equal to the value programmed
in the alarm register, a maskable interrupt is generated.

The alarm interrupt will be gereted as soon as there is a rhdietween the ALARM field and the
corresponding bits in the RTC. The resolution of tlaenalis 1 second. This regestis locked after reset
by default. Unlocking is accomplished by writiGg55CC AA33 to its assoaied key register. See
Section 8.8.3.2, “Keep-Alive Pow&egisters Lock Mechanisin

MSB LSB
0 31
Field ALARM
Reset Unaffected
Addr Ox2F C22C

Figure 6-37. Real-Time Clock Alarm Register (RTCAL)

6.2.2.4.8 Periodic Interrupt Status and Control Register (PISCR)

The PISCR contains the interrupt reduesel and the interrutatus bit. It also contains the controls for
the 16-bits to be loaded into a modulus counteis Téygister can be read or written at any time.

MSB LSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field PIRQ PS — PIE | PITF | PTE
PORESET 0000_0000_0000_0000
Addr 0x2F C240

Figure 6-38. Periodic Interrupt Status and Control Register (PISCR)

Table 6-20. PISCR Bit Descriptions

Bits Name Description

0:7 PIRQ Periodic interrupt request. These bits determine the interrupt priority level of the PIT. Refer to
Section 6.1.4, “Enhanced Interrupt Controller” for interrupt level encoding.

8 PS Periodic interrupt status. This bit is set if the PIT issues an interrupt. The PIT issues an interrupt
after the modulus counter counts to zero. PS can be negated by writing a one to it. A write of zero
has no affect.

9:12 — Reserved
13 PIE Periodic interrupt enable. If this bit is set, the time base generates an interrupt when the PS bit
is set.
14 PITF PIT freeze. If this bit is set, the PIT stops while FREEZE is asserted.
15 PTE Periodic timer enable

0 PIT stops counting and maintains current value
1 PIT continues to decrement
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6.2.2.4.9 Periodic Interrupt Timer Count Register (PITC)

The PITC register contains the 1@dhio be loaded in a modulus coem{This register is readable and
writable at any time.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field PITC
Reset Unaffected
Addr 0x2F C244
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
Reset Unaffected
Figure 6-39. Periodic Interrupt Timer Count (PITC)
Table 6-21. PITC Bit Descriptions
Bits Name Description
0:15 PITC Periodic interrupt timing count. This field contains the 16-bit value to be loaded into the modulus
counter that is loaded into the periodic timer. This register is readable and writable at any time.
16:31 — Reserved
6.2.2.4.10 Periodic Interrupt Timer Register (PITR)

The periodic interrupt register is ackonly register that shows the @nt value in the periodic interrupt
down counter. Read or writing thisgister does not affect the register.

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field PIT
Reset Unaffected
Addr Ox2F C248
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field —
Reset Unaffected
Figure 6-40. Periodic Interrupt Timer Register (PITR)
Table 6-22. PIT Bit Descriptions
Bits Name Description
0:15 PIT Periodic interrupt timing count—This field contains the current count remaining for the periodic
timer. Writes have no effect on this field.
16:31 — Reserved
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6.2.2.5 General-Purpose I/O Registers
6.2.2.5.1 SGPIO Data Register 1 (SGPIODT1)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SGPIOD[0:7] | SGPIODI[8:15]
Reset 0000_0000_0000_0000?1
Addr 0x2F C024
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field SGPIOD[16:23] SGPIOD[24:31]
Reset 0000_0000_0000_0000*

1 |f the device is configured NOT in full bus mode (i.e., SIUMCR[SC]=0b01, 0x10, or Ob11), the GPIO pins will be in input
mode and this register will reflect the state of the pins.

Figure 6-41. SGPIO Data Register 1 (SGPIODT1)

Table 6-23. SGPIODT1 Bit Descriptions

Bits

Name

Description

0:7

SGPIODI[0:7]

SIU general-purpose I/O Group D[0:7]. This 8-bit register controls the data of
general-purpose I/0O pins SGPIOD[0:7]. The direction (input or output) of this group of pins
is controlled by the GDDRO bit in the SGPIO control register.

8:15

SGPIOD[8:15]

SIU general-purpose 1/0 Group D[8:15]. This 8-bit register controls the data of
general-purpose I/O pins SGPIOD[8:15]. The direction (input or output) of this group of
pins is controlled by the GDDR1 bit in the SGPIO control register.

16:23

SGPIOD[16:23]

SIU general-purpose 1/0 Group D[16:23]. This 8-bit register controls the data of the
general-purpose I/O pins SGPIOD[16:23]. The direction (input or output) of this group of
pins is controlled by the GDDR2 bit in the SGPIO control register

24:31

SGPIOD[24:31]

SIU general-purpose I/O Group D[24:31]. This 8-bit register controls the data of the
general-purpose I/O pins SGPIOD[24:31]. The direction of SGPIOD[24:31] is controlled by
eight dedicated direction control signals SDDRD[24:31]. Each pin in this group can be
configured separately as general-purpose input or output.

MPC561/MPC563 Reference Manual, Rev. 1.2

6-46

Freescale Semiconductor



System Configuration and Protection

6.2.2.5.2 SGPIO Data Register 2 (SGPIODT2)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SGPIOC[0:7] SGPIOA[8:15]
Reset 0000_0000_0000_0000*
Addr OX2F C028
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field SGPIOA[16:23] SGPIOA[24:31]
Reset 0000_0000_0000_0000*

1 |f the device is configured NOT in full bus mode (i.e., SIUMCR[SC]=0b01, 0x10, or Ob11), the GPIO pins will be in input
mode and this register will reflect the state of the pins.

Figure 6-42. SGPIO Data Register 2 (SGPIODT2)

Table 6-24. SGPIODT2 Bit Descriptions

Bits Name Description

0:7 SGPIOC[0:7] | SIU general-purpose I/O Group C[0:7]. This 8-bit register controls the data of the
general-purpose /O pins SGPIOCJ[0:7]. The direction of SGPIOC[0:7] is controlled by 8
dedicated direction control signals SDDRCJ[0:7] in the SGPIO control register. Each pin in
this group can be configured separately as general-purpose input or output.

8:15 | SGPIOA[8:15] | SIU general-purpose 1/0 Group A[8:15]. This 8-bit register controls the data of the
general-purpose I/O pins SGPIOA[8:15]. The GDDR3 bit in the SGPIO control register
configures these pins as a group as general-purpose input or output.

16:23 SGPIOA SIU general-purpose I/O Group A[16:23]. This 8-bit register controls the data of the

[16:23] general-purpose 1/O pins SGPIOA[16:23]. The GDDR4 bit in the SGPIO control register
configures these pins as a group as general-purpose input or output.

24:31 SGPIOA SIU general-purpose I/O Group A[24:31]. This 8-bit register controls the data of the

[24:31] general-purpose I/O pins SGPIOA[24:31]. The GDDRS5 bit in the SGPIO control register
configures these pins as a group as general-purpose input or output.
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6.2.2.5.3 SGPIO Control Register (SGPIOCR)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SDDRC[0:7] —
HRESET 0000_0000_0000_0000
Addr Ox2F C02C
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| GDDR | GDDR | GDDR | GDDR | GDDR | GDDR — SDDRDI[24:31]
0 1 2 3 4 5
HRESET 0000_0000_0000_0000
Figure 6-43. SGPIO Control Register (SGPIOCR)
Table 6-25. SGPIOCR Bit Descriptions
Bits Name Description
0:7 SDDRCJ0:7] | SGPIO data direction for SGPIOC[0:7]. Each SDDR bit zero to seven controls the direction
of the corresponding SGPIOC pin zero to seven
8:15 — Reserved
16 GDDRO Group data direction for SGPIODI[0:7]
17 GDDR1 Group data direction for SGPIOD[8:15]
18 GDDR2 Group data direction for SGPIOD[16:23]
19 GDDR3 Group data direction for SGPIOA[8:15]
20 GDDR4 Group data direction for SGPIOA[16:23]
21 GDDR5 Group data direction for SGPIOA[24:31]
22:23 — Reserved
24:31 SDDRD SGPIO data direction for SGPIOD[24:31]. Each SDDRD bits 24:31 controls the direction
[24:31] of the corresponding SGPIOD pin [24:31].

Table 6-26describes the bit valuésr data direction control.

Table 6-26. Data Direction Control

SDDR/GDDR Operation
0 SGPIO configured as input
1 SGPIO configured as output
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Chapter 7
Reset

This section describes the MPC561/MPC563tresarces, operation, control, and status.

7.1  Reset Operation

The MPC561/MPC563 has several inputs tordset logic which include the following:

* Power-on reset

« External hard reset pin (HRESET

« External soft reset pin (SRESET

* Loss of PLL lock

* On-chip clock switch

» Software watchdog reset

* Checkstop reset

* Debug port hard reset

* Debug port soft reset

* JTAG reset

» lllegal bit change (ILBC)
All of these reset sources are fed into the resetaitsrtt The control logic dermines the cause of the
reset, synchronizes it, and resiies appropriate logic modules, deperglon the source of the reset. The

memory controller, system protection logic, interragatroller, and parallel@ pins are initialized only
on hard reset. External soft reset initializesrimaélogic while maintaiimg system configuration.

The reset status regis{@SR) reflects the most recent source to cause a reset.

7.1.1 Power-On Reset

The power-on reset pin, PORESHSTan active low input. In a sysh with power-down low-power mode,
this pin should be activated only asesult of a voltage failure dhe KAPWR pin. After detecting the
assertion of PORESEThe MPC561/MPC563 enters the powerreset state. During this state the
MODCK]1:3] signals determine thascillator frequency, PLL multljgation factor, and the PITRTCLK
and TMBCLK clock sources. In addti, the MPC561/MPC56&sserts the SRESENhd HRESETpins
at the rising edge of PORESET

The PORESEin should be asserted for a minimum tiofid00,000 of clock osciltar cycles after a
valid level has been reached on the KAPWR sup¥iter detecting the assertion of PORESHIE
MPC561/MPC563 remains in the power-on reset statkthatlast of the following two events occurs:

MPC561/MPC563 Reference Manual, Rev. 1.2

Freescale Semiconductor 7-1



Reset

* The Internal PLL enters the loskate and the system clock is active.
* The PORESETiIn is negated.

If limp mode is enabled, the interrRRLL is not required tbe locked before the ghexits power-on reset.

The internal MODCK]1:3] values arersgled at the risingdge of PORESER\fter exiting the power-on
reset state, the MPC561/MPC5&htinues to drive the HRESEhd SRESEDins for 512 system clock
cycles. When the timer exps (after 512 cycles), the configuaatiis sampled from data bus pins, if
required (se&ection 7.5.1, “Hard Reset Configuratipand the MPC561/MP&63 stops driving the
HRESETand SRESEDins.

The PORESEIn has a glitch detector to ensure that &pikes of less than 20 ns are rejected. The
internal PORESEBignal asserts only if the PORESHINh asserts for more than 100 ns.

7.1.2 Hard Reset

HRESET(hard reset) is an tige low, bidirectional IO pin. The MPC561/MPC563 caetect an external
assertion of HRESE®nly if it occurs while the MP&651/MPC563 is not asserting HRESET

When the MPC561/MPC563 detectsasion of the external HRESEIN or a cause tassert the internal
HRESETIine is detected, the chip starts to drive the HRE&RISRESETor 512 cycles. When the timer
expires (after 512 cycles) the configuoatis sampled from datans (refer tdSection 7.5.1, “Hard Reset
Configuratiori) and the chip stops driving the HRESBmRd SRESEpins. An external pull-up resistor
should drive the HRESEand SRESEPins high. After deteatg the negation of HRESEGr SRESET
the MPC561/MPC563 waits 16 clock cyclesfore testing the presenceanf external hard or soft reset.

The HRESETpin has a glitch detecttw ensure that low spikes of leean 20 ns are rejected. The internal
HRESETwill be asserted only if HRESEi$ asserted for more than 100 ns.

The HRESETis an open collector type pin.

7.1.3 Soft Reset

SRESET(soft reset) is an active low, bidirectidom@® pin. The MPC561/MPC563 can only detect an
external assertion of SRESHTit occurs while the MP861/MPC563 is not asserting SRESET

When the MPC561/MPC563 detecte tissertion of external SRESEiTa cause to assert the internal
SRESETline, the chip starts to drive the SRESEiT512 cycles. When the timer expires (after 512 cycles)
the debug port configuration is sampled from thédD&d DSCK pins and the chip stops driving the
SRESETpin. An external pull-up restor should drive the SRESEIN high. After the MPC561/MPC563
detects the negation of SRESHTwaits 16 clock cyclebefore testing the presence of an external soft
reset.

The SRESETs an open collector type pin.

7.1.4 Loss of PLL Lock

If the PLL detects a loss of lock, erroneous exkbus operation will oceuf synchronous external
devices use the MPC561/MPC563 inplaick. Erroneous operation could atsmur if devices with a PLL
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use the MPC561/MPC563 CLKOUT signahis source of reset can beiopially asserted if the LOLRE

bit in the PLL, low-powerand reset control register (PLPRCR) is set. The enabled PLL loss of lock event
generates an internal hambet sequence. ReferGbapter 8, “Clocks and Power Contfdbr more
information on loss of PLL lock.

7.1.5 On-Chip Clock Switch

If the system clock is switched time backup clock or switched froradkup clock to another clock source
an internal hard reset sequence is generated. Re@#ajater 8, “Clocks and Power Conttol

7.1.6 Software Watchdog Reset

When the MPC561/MPC563 softwasatchdog counts to zero, a softwar&tchdog reset is asserted. The
enabled software watchdog event generates an internal hard reset sequence.

7.1.7 Checkstop Reset

When the RCPU enters a checkstop state, and thestbpakset is enabled (tlsSR bit in the PLPRCR
is set), a checkstop reset is asserted. The enabledstbeekent generates an im&l hard reset sequence.
Refer to th(RCPU Reference Manufdr more information.

7.1.8 Debug Port Hard Reset

When the development port receivdsaad reset request from the devel@mintool, an internal hard reset
sequence is generated. In thise#he development tool mustonfigure the debug port. Refer to
Chapter 23, “Development Suppdrfior more information.

7.1.9 Debug Port Soft Reset

When the development port receives f et request from the developnt tool, an internal soft reset
sequence is generated. In thisethe development tool mustonfigure the debug port. Refer to
Chapter 23, “Development Suppdrfior more information.

7.1.10 JTAG Reset

When the JTAG logic asserts the JTAG soft reset signahternal soft reseequence is generated. Refer
to Chapter 25, “IEEE 1149.1-Compliant Interface (JTA@)r more information.

7.1.11 ILBC lllegal Bit Change

When locked bits in the PLPRCR rstgir are changed, an internal hagslet sequencegenerated. Refer
to Chapter 8, “Clocks and Power Conttol

7.2  Reset Actions Summary

Table 7-1summarizes the action taken for each reset.
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Table 7-1. Reset Action Taken for Each Reset Cause

Reset _— Other | cs=c==
Logic and System Clock | HRESET | Debug Port Internal SRESET
Reset Source PLL Configuratio | Module Pin Configuratio - Pin
States n Reset Reset | Driven n Logic Driven
Reset
Reset
Power-On Reset Yes Yes Yes Yes Yes Yes Yes
(PORESET)
Hard Reset (HRESET) No Yes Yes Yes Yes Yes Yes
Sources:
¢ External Hard Reset
¢ Loss of Lock
¢ On-Chip Clock Switch
« lllegal Low-Power Mode
« Software Watchdog
* Checkstop
« Debug Port Hard Reset
Soft Reset (SRESET) No No No No Yes Yes Yes
Sources:
« External Soft Reset
¢ Debug Port Soft Reset
¢ JTAG Reset

7.3  Data Coherency During Reset

The MPC561/MPC563 supports data a@mey and avoids data corruptiduring reset. If a cycle is
executing when any SRESEF HRESETsource is detected, then the eywlill either complete or will
not start before generating ther@sponding reset control signal. Teare reset sources, however, when
the MPC561/MPC563 generatesiaternal reset due to spial internal situationshere this protection is
not supported. Se®ection 7.4, “Reset Status Register (RSR)

In the case of large operand size (32 or 16 bits)dcdimss to a smaller port size, the cycle is split into
two 16-bit or four 8-bit cycles. In this case, datderency is assured andawiill not be corrupted.

In the case where the core executes an unaligaeidstore cycle which is broken down into multiple
cycles, data coherency is N@$sured between these cycles.(idata could be corrupted).

Contention may occur if a write access ipmgress to external memory and SRESERESETIs

asserted and the external reset configuration word (R€Wsed. In this case, the external RCW drivers,
usually activated by HRESESRESETIines, will drive the data bus together with the MPC561/MPC563.
Thus the data in the RAM may be corrupted rdigss of the data coherency mechanism in the
MPC561/MPC563.

Table 7-2. Reset Configuration Word and Data Corruption/Coherency

Reset Driven Reset to U% Comments
Coherency (EXT_RESET)

HRESET SRESET
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Table 7-2. Reset Configuration Word and Data Corruption/Coherency (continued)

Reset Driven Reset to Use for Data_ Comments
Coherency (EXT_RESET)
SRESET HRESET
HRESET & SRESET HRESET || SRESET Provided only one of them is driven into the
MPC561/MPC563 at a time

7.4  Reset Status Register (RSR)

All of the reset sources afied into the reset controlleFhe 16-bit reset status register (RSR) reflects the
most recent source, or soas, of reset. (Simultaneoreset requests can cause nbign one bit to be set
at the same time.) This regist@mtains one bit for each reset soursdait set to logic one indicates the
type of reset that occurred.

Once set, individual bits in the R$8main set until software clears thefits in the RSR can be cleared
by writing a one to the bit. A write afero has no effect on the bit. Thgister can be read at all times.
The reset status register receives its default vedats during power-on reset. The RSR is powered by the
KAPWR pin.

MSB LSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| EHRS |[ESRS |LLRS | SWRS|CSRS | DBHRS | DBSRS [JTRS | OCCS | ILBC |GPOR|GHRST|GSRST| —
PORESET 0000_0000 ol 0 1 1 1 000
HRESET 0000_0000_000 1 1 000
SRESET 0000_0000_0000 1 000
Addr Ox2F C288

1 occs will be set (2) if limp mode is enabled (SCCR[LME]=1).
Figure 7-1. Reset Status Register (RSR)

Table 7-3. Reset Status Register Bit Descriptions

Bits Name Description

0 EHRS! |External hard reset status
0 No external hard reset has occurred
1 An external hard reset has occurred

1 ESRS! |External soft reset status
0 No external soft reset has occurred
1 An external soft reset has occurred

2 LLRS Loss of lock reset status
0 No enabled loss-of-lock reset has occurred
1 An enabled loss-of-lock reset has occurred
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Table 7-3. Reset Status Register Bit Descriptions (continued)

Bits Name Description

3 SWRS | Software watchdog reset status
0 No software watchdog reset has occurred
1 A software watchdog reset has occurred

4 CSRS | Checkstop reset status
0 No enabled checkstop reset has occurred
1 An enabled checkstop reset has occurred

5 DBHRS | Debug port hard reset status
0 No debug port hard reset request has occurred
1 A debug port hard reset request has occurred

6 DBSRS |Debug port soft reset status
0 No debug port soft reset request has occurred
1 A debug port soft reset request has occurred

7 JTRS JTAG reset status
0 No JTAG reset has occurred
1 A JTAG reset has occurred

8 OCCS | On-chip clock switch
0 No on-chip clock switch reset has occurred
1 An on-chip clock switch reset has occurred

9 ILBC lllegal bit change. This bit is set when the MPC561/MPC563 changes any of the following bits
when they are locked:

LPM[0:1], locked by the LPML bit

MF[0:11], locked by the MFPDL bit

DIVF[0:4], locked by the MFPDL bit

10 GPOR | Glitch detected on PORESET pin. This bit is set when the PORESET pin is asserted for more
than 20ns

0 No glitch was detected on the PORESET pin

1 A glitch was detected on the PORESET pin

11 GHRST | Glitch detected on HRESET pin. This bit is set when the HRESET pin is asserted for more than
20ns

0 No glitch was detected on the HRESET pin

1 A glitch was detected on the HRESET pin

12 GSRST | Glitch detected on SRESET pin. If the SRESET pin is asserted for more than 20ns the GHRST
bit will be set. If an internal or external SRESET is generated the SRESET pin is asserted and
the GSRST bit will be set.

0 No glitch was detected on SRESET pin

1 A glitch was detected on SRESET pin.

13:15 — Reserved

1 Inthe USIU RSR, if both EHRS and ESRS are set, the reset source is internal. The EHRS and ESRS bits in RSR
register are set for any internal reset source in addition to external HRESET and external SRESET events. If both
internal and external indicator bits are set, then the reset source is internal.
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7.5 Reset Configuration

7.5.1 Hard Reset Configuration

When a hard reset event occurs, the MPC561/MPG&GShfigures its hardwasystem as well as the
development port configuratnh. The logical value of thats that deterine its initial mode of operation,
are sampled from the following:

* The external data bus pins DATA[0:31]

* Aninternal default constant (0x0000 0000)

* Aninternal NVM register value (UC3FCE). Available on the MPC563/MPC564 only.

If at the sampling time RSTCONE asserted, then the configuratisrsampled from the external data
bus. If RSTCONFs negated and a valid NVM value exi@tsC3FCFIG[HC]=0), therthe configuration
is sampled from the NVM register the UC3F module. If RSTCONB negated and no valid NVM value
exists (UC3FCFIG[HC]=1), then thewfiguration word is sampled frothe internal default (all zeros).
HC will be “1” if the internal Flash is erasethble 7-4summarizes the reset configuration options.

Table 7-4. Reset Configuration Options

RSTCONF Has Configuration (HC) Internal Configuration Word
0 X DATA[0:31] pins
1 0 NVM Flash EEPROM register (UC3FCFIG)
1 1 Internal data word default (0x0000 0000)

If the PRDS control bit in the MBACR register icleared and HRESEand RSTCONFare asserted, the
MPC561/MPC563 pulls the data bus low with a wesdistor. The user can aveite this default by
driving the appropriate bit high. SEegure 7-2for the basic reset configuration scheme.
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Has Configuration (HC)

Reset
32 Flash

Config.
Word /

o /32
oEA < //
; AA A Dx (Data line)
EXT_RESET
INT_RESET Data (See Table 7-2)
Coherency HRESET/SRESET
RSTCONF

Figure 7-2. Reset Configuration Basic Scheme

During the assertion of the PORESHput signal, the chip assumes tthefault reset configuration. This
assumed configuration changethe input signal RSTCONIFs asserted when the PORESiEhegated
or the CLKOUT starts to oscillate. To ensure stable data is sampled, the hardware configuration is
sampled every eight clock cycles on the rising easfgeLKOUT with a double buffer. The setup time
required for the data bus is approximately 15 cy@e$ined as Tsup in the following figures) and the
maximum rise time of HRESEShould be less than six clock cyclessystems where an external reset
configuration word and the TEXP quuit function are both required, RSTCOBIfould be asserted until
SRESETis negated.

Figure 7-3to Figure 7-6provide sample reset configuration timings.

NOTE
Timing diagrams in the followg figures are not to scale.
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CLKOUT HHHHH ‘|‘|H

PORESET

Internal PORESET /

HRESET

RSTCONF Tsup

Internal data[0:31] X

Default RSTCONF Controlled

Figure 7-3. Reset Configuration Sampling Scheme for “Short” PORESET Assertion, Limp Mode Disabled

-

CLKOUT
(Backup Clock)

PORESET \ /
Internal
PORESET \ /

512 clocks
HRESET —\ <

RSTCONF

Internal data(0:31) Wm ><

Default RSTCONF Controlled
Figure 7-4. Reset Configuration Timing for “Short” PORESET Assertion, Limp Mode Enabled
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or L S

PORESET |
PLL lock I /

Internal | i
PORESET I /

|
HRESET — I —

I

|

| P Tsup -
RSTCONF | h "

|

Pie
Default RSTCONF Controlled

Figure 7-5. Reset Configuration Timing for “Long” PORESET Assertion, Limp Mode Disabled

= UL
! ]

Sample Data Configuration Sample Data Configuration
Figure 7-6. Reset Configuration Sampling Timing Requirements

|

HRESET !
: | > I\(IaXImum time of reset recognition J
™ . . . g
Wi : | (maximum rise time - up to 6 clocks) :
| — ,
DATA | Reset Configuration Word | | >
| | 1 I |
| |

o

| | I I |
Internal | | Tsup = Minimum Setup time of reset reJ.:ogniti(llJn = 15 clocks J
reset ' [ I ”
S | |
I
I
I
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7.5.2

Hard Reset Configuration Word (RCW)

Following is the hard reset configuration wahat is sampled from the internal data bus,
data_sgpiod(0:31) on¢émegation of HRESETT the external reset configord is selected (RSTCON#F
0), the internal data bus wikflect the state of external data bush# internal reset config word is selected
and neither of the Flash reset config words areledgdb/C3FCFIG[HC] = 1), the internal data bus is
internally driven with all zeros. Hreset configuration word is not @jiger in the memory map. Most of
the bits in the configuration are locdi@ registers ithe SIU. Refer tdable 7-5for a detailed description
of each control bit.

Reset

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| EARB | IP |[BDRV|BDIS | BPS[0:1] — DBGC[0:1]| — |ATWC|EBDF[0:1] | —
HRESET 0000_0000_0000_0000
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field| PRPM sc ETRE|FLEN| EN_ | EXC_ | — | OERC — ISB DME
compPl|comp?
HRESET 0000_0000_0000_0000

Figure 7-7. Reset Configuration Word (RCW)

1 Available only on the MPC562/MPC564, software should write "0" to this bit for MPC561/MPC563.

Table 7-5. RCW Bit Descriptions

Bits Name Description

0 EARB External Arbitration — Refer to Section 9.5.7, “Arbitration Phase,” for a detailed description of
Bus arbitration. The default value is that internal arbitration hardware is used.
0 Internal arbitration is performed
1 External arbitration is assumed

1 IP Initial Interrupt Prefix — This bit defines the initial value of MSR[IP] immediately after reset.
MSR[IP] defines the Interrupt Table location. If IP is zero then the initial value of MSR[IP] is zero,
If the IP is one, then the initial value of MSR[IP] is one. Default value is zero. See Table 3-11 for
more information.
0 MSRJIP] = 0 after reset
1 MSR[IP] =1 after reset

2 BDRV | Bus Pins Drive Strength — This bit determines the bus pins (address, data and control) driving
capability to be either full or reduced drive. The bus default drive strength is full; Upon default, it
also effects the CLKOUT drive strength to be full. See Table 6-7 for more information. BDRV
controls the default state of COML1 in the SIUMCR.
0 Full drive
1 Reduced drive

3 BDIS Boot Disable — If the BDIS bit is set, then memory controller is not activated after reset. If it is
cleared then the memory controller bank 0O is active immediately after reset such that it matches
any addresses. If a write to the ORO register occurs after reset this bit definition is ignored. The
default value is that the memory controller is enabled to control the boot with the CSO0 pin. See
Section 10.7, “Global (Boot) Chip-Select Operation,” for more information.
0 Memory controller bank 0 is active and matches all addresses immediately after reset
1 Memory controller is not activated after reset.
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Table 7-5. RCW Bit Descriptions (continued)

Bits Name Description

4:5 BPS Boot Port Size — This field defines the port size of the boot device on reset (BRO[PS]). If a write
to the ORO register occurs after reset this field definition is ignored. See Table 10-5 and

Table 10-8 for more information.

00 32-bit port (default)

01 8-bit port

10 16-bit port

11 Reserved

6:8 — Reserved. These bits must not be high in the reset configuration word.

9:10 |DBGCJ0:1] | Debug Pins Configuration — See Section 6.2.2.1.1, “SIU Module Configuration Register
(SIUMCR),” for this field definition. The default value is that these pins function as: VFLS[0:1], BI,
BR, BG and BB. See Table 6-8.

11 — Reserved.

12 ATWC | Address Type Write Enable Configuration — The default value is that these pins function as WE
pins. See Table 6-7.

0 WEJ0:3]/BE[0:3)/AT[0:3] functions as WE[0:3]/BE[0:3]

1 WE[0:3)/BE[0:3]/AT[0:3] functions as AT[0:3]

13:14 EBDF External Bus Division Factor — This field defines the initial value of the external bus frequency.
The default value is that CLKOUT frequency is equal to that of the internal clock (no division).
See Table 8-9.
151 — Reserved. This bit must be 0 in the reset configuration word.
16 PRPM | Peripheral Mode Enable — This bit determines if the chip is in peripheral mode. A detailed
description is in Table 6-13 The default value is no peripheral mode enabled.
17:18 SC Single Chip Select — This field defines the mode of theMPC562/MPC564. See Table 6-10.

00 Extended chip, 32 bits data

01 Extended chip, 16 bits data

10 Single chip and show cycles (address)
11 Single chip

19 ETRE |Exception Table Relocation Enable — This field defines whether the Exception Table Relocation
feature in the BBC is enabled or disabled; The default state for this field is disabled. For more
details, see Table 4-4.

2023 FLEN Flash Enable — This field determines whether the on-chip Flash memory is enabled or disabled
out of reset. The default state is disabled, which means that by default, the boot is from external
memory. Refer to Table 6-12 for more details.

0 Flash disabled — boot is from external memory

1 Flash enabled

21 EN_ Enable Compression — This bit enables the operation of the MPC562/MPC564 with compressed
COMP* |code. The default state is disabled. See Table 4-4 and <XrefBlue>Appendix A,
“MPC562/MPC564 Compression Features."

22 EXC_ | Exception Compression — This bit determines the operation of the MPC562/MPC564 with
comp? exceptions. If this bit is set, then the MPC562/MPC564 assumes that ALL the exception routines
are in compressed code. The default indicates the exceptions are all non-compressed. See
Table 4-4 and <XrefBlue>Appendix A, “MPC562/MPC564 Compression Features."

23 — Reserved. This bit must not be high in the reset configuration word.
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Table 7-5. RCW Bit Descriptions (continued)

Bits

Name

Description

24:25

OERC

Other Exceptions Relocation Control — These bits effect only if ETRE was enabled. See
Table 4-2. Relocation offset:

00 Offset 0

01 Offset 64 Kbytes

10 Offset 512 Kbytes

11 Offset to 0x003F E000

26:27

Reserved

28:30

ISB

Internal Space Base Select — This field defines the initial value of the ISB field in the IMMR
register. A detailed description is in Table 6-12. The default state is that the internal memory map
is mapped to start at address 0x0000_0000. This bit must not be high in the reset configuration
word.

31

DME

Dual Mapping Enable — This bit determines whether Dual mapping of the internal Flash is
enabled. For a detailed description refer to Table 10-11. The default state is that dual mapping is
disabled.

0 Dual mapping disabled

1 Dual mapping enabled

w N

Bit 15 always comes from the internal Flash Reset Configuration Word (MPC563 only).
This bit should not be set on the MPC561/MPC562.

This bit is HC if read from the internal Flash Reset Configuration Word. See Section 21.2.3.1, “Reset Configuration
Word (UC3FCFIG)."

4 Available only on the MPC562/MPC564, software should write "0" to this bit for MPC561/MPC563.

7.5.3

Soft Reset Configuration

When a soft reset event occurs, the MPC561/B83Jeconfigures the development port. Refer to
Chapter 23, “Development Suppdrfior details.
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Chapter 8
Clocks and Power Control

The main timing reference for the MPC561/8%63 can monitor any of the following:
* An external crystal with a frequency of 4 or 20 MHz
* An external frequency souregth a frequency of 4 MHz
* An external frequency source at the system frequency

The system operating frequencyenerated through a programmablag#ilocked loop, the system PLL
(SPLL). The SPLL runs at twice the system speed.SBLL is programmable integer multiples of the
input frequency to generate the internal (VCQ@f@¢rating frequency. A préivider before the SPLL
enables the division of the high frequency crystaillagor. The internal operating SPLL frequency should
be at least 30 MHz. It can be divided by a peafetwo divider to generate the system operating
frequencies.

In addition to the system clock, thecks submodule provides the following:
« TMBCLK to the time base (TB) and decrementer (DEC)
* PITRTCLK to the periodic interruptrtier (PIT) and real-time clock (RTC)

The oscillator, TB, DEC, RTCal the PIT are powerdtbm the keep alive poer supply (KAPWR) pin.
This allows the counters to continteeincrement/decrement at theciligtor frequency even when the
main power to the MCU is off. While the power i$, ofie PIT may be used signal the power supply IC

to enable power to the system at specific interiidiis is the power-down wake-up feature. When the chip
is not in power-down low-power mogine KAPWR is powered to theraa voltage valuas the voltage

of the 1/0O buffers and logic.

The MPC561/MPC563 clock module consists of thenmeystal oscillator, the SPLL, the low-power
divider, the clock generator, the system low-powaatrol block, and the limp mode control block. The
clock module receives control bits frahe system clock control regist8&CCR), change of lock interrupt
register (COLIR), the PLL h-power and reset-control reter (PLPRCR), and the PLL.
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Figure 8-1is a functional block digram of the clock unit.

MODCK][1:3] XFC VDDSYN VSSSYN
EXTCLK —¢—p VCOOUT
—p l A 4
2:1 MUX
o> SPLL l
—>
Lock
TBCLK GCLK2
®
Low
v v Power > GCLK1 / GCLK2
. ) 31 MUX Dividers System Clock
(/4 or /16) (1/2N)
System Clock
Low Drivers GCLK1C/ GCLK2C
cP:owerI —»  System Clock
ontro to RCPU and BBC
_» CLKOUT
Drivers
—» ENGCLK
L >
» "| TMBCLK
! \ briver  [* TMBCLK
Backup Clock
; 31
Oscgleatt:;;?ss T mux
RTC / PIT Clock
and Driver —» PITRTCLK
/4 or
1256
XTAL<€—

Main Clock  [—@&—¥%
EXTAL —> Oscillator

Figure 8-1. Clock Unit Block Diagram
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8.1  System Clock Sources

The system clock can be provided by the main sysiggitlator, an externalock input, or the backup
clock (BUCLK) on-chipring oscillator, se&igure 8-1

The main system oscillator uses either a 4-MH20MHz crystal to generatbe PLL reference clock.
When the main system oscillator output is thengnieference to the system PLL, skew elimination
between the XTAL/EXTAL pins and CLKOUT is nguaranteed. There is also an on-chip crystal
feedback resistor on the MPC561/MR35however, space should be resédrfor an off-chip resistor to
allow for future configurationgzigure 8-2illustrates the main systemaitator crysta configuration.

The external clock input (EXTCLK pin) can recewelock signal from an external source. The clock
frequency must be in the range3% MHz or, for 1:1 mode, at the sgst frequency of at least 15 MHz.
When the external clock input is the timing refeeito the system PLL, tlskew between the EXTCLK
pin and the CLKOUT is less thanl ns.

The backup clock on-chip ring oscillator allothe MPC561/MPC563 to function with a less precise
clock. When operating from the backup clock, theQ8B1/MPC563 is in limp mode. This enables the
system to continue minimum futh@nality until the system ixed. The BUCLK frequency is
approximately 11 MHz for the MPC561/MPC563 (¢#emendix F, “Electrical Characteristicfor the
complete frequency range).

For normal operation, at least one clock source (EXTGLKain system oscillat) must be active. A
configuration with both cldcsources active is possible as well tis configuratbn EXTCLK provides
the system clock and main system oscillatovates the PITRTCLK. Thenput of an unused timing
reference (EXTCLK or EXTAL) must be grounded.

XTAL EXTAL

-_/v\/;l_‘,
1M
CL T :_|: CL
1. Resistor is not currently required on the board but space should be available for its addition in the future.
Figure 8-2. Main System Oscillator Crystal Configuration

8.2 System PLL

The PLL allows the processor to operate at a higgral clock frequency using a low frequency clock
input, a feature which offers two hefits: reduces the overall elemtnagnetic interfeance generated by
the system, and the ability to oscillate at diffefeequencies reduces costéyminating the need to add
an additional oscillator to a system.
The PLL can perform the following functions:

* Frequency multiplication

» Skew elimination

» Frequency division

MPC561/MPC563 Reference Manual, Rev. 1.2
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8.2.1 Frequency Multiplication

The PLL can multiply the inputdéiquency by any integer between and 4096. The multiplication factor
depends on the value of the MF[0:11] bits in th& RCR register. While any integer value from one to
4096 can be programmed, the resul#@O output frequency must beleast 15 MHz. The multiplication
factor is set to a predetermined v@lduring power-on reset as defined’able 8-1

8.2.2 Skew Elimination

The PLL is capable of eliminating the skew betwtenexternal clock entering the chip (EXTCLK) and
both the internal clock plsas and the CLKOUT pin, rkimg it useful for tighsynchronous timings. Skew
elimination is active only when tHeLL is enabled and progmmed with a multiplican factor of one or
two (MF = 0 or 1). The timing reference to the systPLL is the external clock input (EXTCLK pin).

8.2.3 Pre-Divider

A pre-divider before the phase coangtor enables additional systefack resolution when the crystal
oscillator frequency is 20 MHz. Ehdivision factor is determined biye DIVF[0:4] bits in the PLPRCR.

8.2.4 PLL Block Diagram

As shown inFigure 8-3 the reference signal, OSCCLK, gdeshe phase comparator. The phase
comparator controls the directiampg(or down) that the charge pumjpvés the voltage across the external
filter capacitor (XFC). The direin depends on whether the feedbaignal phase lags or leads the
reference signal. The output of the charge pumyesithe VCO. The output frequency of the VCO is
divided down and fed back to tbbase comparator for comparisorttwihe reference signal, OSCCLK.
The MF values, zero #095, are mapped to multipliean factors of one to 4096lote that when the PLL

is operating in 1:1 mode (refer Table 8-), the multiplication factor isne (MF = 0). The PLL output
frequency is twice the maximumstgm frequency. Thidouble frequency is needed to generate GCLK1
and GCLK2 clocks. On power-up, thia 4-MHz or 20-MHz crystand the default MF settings,
VCOOUT will be 40 MHz and the syem clock will be 20 MHz.

The equation for VCOOUT is:

OSCCLK
VCOOUT = — X (MF +1)x2

DIVF +1

NOTE
When operating with the backup clothe system clock (and CLKOUT) is
one-half of the ring oscillator fregncy, (i.e., the system clock is
approximately 11 MHz). The time baard PIT clocks will be twice the
system clock frequency.

In the case of initial system powap, or if KAPWR is lost, an externaircuit must assépower on reset
(PORESEY. Once KAPWR is valid, PORESHENust be asserted longaigh to allow the external
oscillator to start up and stab#iZor the device to come out k#set in normal (non limp) mode.
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If limp mode is enabled (by ¢htMODCK]1:3] pins), and PORESES negated before the external
oscillator has started up, the backupckl, BUCLK, will be used to cldcthe device. The device will start
to run in limp mode. Software can then switch thock mode from BUCLK t®LL. If an application
requires that the device always coroasof reset in normal mode, PORES&Tould be asserted long
enough for the external oscillator to start up. The mamratart-up time of an exteathoscillator is given
in Appendix F, “Electrical Characteristitand PORESEEhould be asserted folighime and at least an
additional 100, 000 input clock cycles.

If limp mode is disabled at resetshort reset of at least 3 pisough to obtain normal chip operation,
because the BUCLK will nattart. The system will wait for the extal oscillator to start-up and stabilize.

The PLL will begin to lock once PORESHiB&s been negated, assuming stable KAPWR and VDDSYN
power supplies and internal oscidaior external clock). The PLL menum lock time is determined by
the input clock to the phase comgiar. The PLL locks within 500 inpatock cycles if the PLPRCR[MF]
<= 4. The PLL locks within 1000 inputagk cycles if PLPRCR[MF] >4. HRESEWill be released 512
system clock cycles after the PLL locks.

Whenever PORESEIE asserted, the MFtbiare set according i@ble 8-1 and the division factor high
frequency (DFNH) and division facttow frequency (DFNL) bits in SCR are set to the value of §1(
for DFNH andy2 for DFNL).

XFC
VDDSYN
OSCCLK |Division Factor
> DIVF[0:4] > Up | VSSSYN
Phase »| Charge ; v
Feedback Comparator | Down | [ Pump co
> - VCOOUT
Clock . Multiplication Factor
Delay | MF[0:11]

Figure 8-3. System PLL Block Diagram

8.2.5 PLL Pins

The following pins are dedicated to the PLL operation:

 VDDSYN — Drain voltage. This is the}f dedicated to the analog PLL circuits. The voltage
should be well-regulated and thim should be provided with axtremely low impedance path to
the Vpp power rail. VDDSYN should be bypassedM8SSYN by a 0.1 pF capacitor located as
close as possible to the chip package.

* VSSSYN — Source voltage. This is thgdtedicated to the analod Pcircuits. The pin should
be provided with an extremely low impedanath to ground. VSS$Yshould be bypassed to
VDDSYN by a 0.1 uF capacitor located as close as possible to the chip package.

MPC561/MPC563 Reference Manual, Rev. 1.2
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» XFC — External filter capacitor. XFC connectsthe off-chip capacitor for the PLL filter. One
terminal of the capacitor is connected to X&€¢ the other terminal mnnected to VDDSYN.

— The off-chip capacitor must have the following values:
— 0<MF+1<4 (1130 (MF + 1) — 80) pF
— MF +11t42100x (MF + 1) pF

Where MF = the value stored on MF[0:1This is one less than the desired
frequency multiplication.

8.3  System Clock During PLL Loss of Lock
At reset, until the SPLL is locked, the SPLL output clock is disabled.

During normal operation (once the PLL has locked), eitieioscillator or aexternal clock source is
generating the system clock.tims case, if loss of lock is deted and the LOLRE (loss of lock reset
enable) bit in the PLPRCR is cleared, the systemkcbource continues tariction as the PLL's output
clock. The USIU timers can operatethvthe input clock to the PLL, gbat these timers are not affected
by the PLL loss of lock. Software can use thesersn@ measure the loss-loick period. If the timer
reaches the user-preset software criterion, the B6RMGIPC563 can switch to the backup clock by setting
the switch to backup clock (STBUC) bit in the SC@Rovided the limp mode enable (LME) bit in the
SCCR is set.

If loss of lock is detected dung normal operation, assertion of HRESEAr example, if LOLRE is set)
disables the PLL output clock untileock condition is met. During hardset, the STBUC bit is set as
long as the PLL lock contibn is not met and clears when the R&locked. If STBUC and LME are both
set, the system clock switchese backup clock (BUCLK), and theiptoperates in limp mode until
STBUC is cleared.

Every change in the lock status oétRALL can generate a maskable interrupt.

NOTE

When the VCO is the syain clock source, chipperation is unpredictable
while the PLL is unlocked. Ne further that switch to the backup clock is
possible only if the LME bit in the SCCR is set.

8.4 Low-Power Divider

The output of the PLL is sent to a low-power dei block. (In limp mode the BUCLK is sent to a
low-power divider block.) Tis block generatesll other clocks in normal operation, but has the ability to
divide the output frequency of the \Dbefore it generates the general egstlocks sent to the rest of the
MPC561/MPC563. The PLL VCOOUT @&ways divided by at least two.

The purpose of the low-power divider block isaltow reduction and restation of the operating
frequencies of different sections of the MBBI/MPC563 without losing the PLL lock. Using the
low-power divider block, full chip opation can still be obtaed, but at a lower frequency. This is called
gear mode. The selection and speed of gear madieecahanged at any time, with changes occurring
immediately.
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The low-power divider block is contited in the system clock contratgister (SCCR). The default state
of the low-power divider is to divide all clocky one. Thus, for a 40-MHz stem, the general system
clocks are each 40 MHz. Whenever power-on lissetserted, the MF bits are set accordintatde 8-1
and the division factor gh frequency (DFNH) and division factlmw frequency (DFNL) bits in SCCR
are set to the value of Q4 for DFNH andy2 for DFNL).

8.5 Internal Clock Signals

The internal clocks generated the clocks module are shownfigure 8-4 The clocks module also
generates the CLKOUT and ENGClekternal clock signals. The PLL synchronizes these signals to each
other. The PITRTCLK frequency and source are ifipelcby the RTDIV and RTSEL bits in the SCCR.
When the backup clock is functioning as the systerokglthe backup clock is tamatically selected as

the time base clock source andvigsce the MPC561/MC563 system clock.
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GCLK1

GCLK2

GCLK1_50

(EBDF = 00)

GCLK2_50
(EBDF = 00)

CLKOUT
(EBDF = 00)

GCLK1_50

(EBDF =01)

GCLK2_50
(EBDF =01)

CLKOUT
(EBDF = 01)

-

T2

T3

T4

Figure 8-4. MPC561/MPC563 Clocks

Note that GCLK1_50, GCLK2_50, af@l KOUT can have a lower fggeiency than GCLK1 and GCLK2.
This is to enable the exterrals operation at lowerdguencies (controlled ByBDF in the SCCR).
GCLK2_50 always rises simultaneously w@CLK2. When DFNH = 0, GCLK2_50 has a 50% duty
cycle. With other values of DFNH or DFNthe duty cycle is less than 50%. RefeFigure 8-7
GCLK1_50 rises simultaneously with GCLK1. Whiwe MPC561/MPC563 is not in gear mode, the
falling edge of GCLK1_50 occurs in the middletbé high phase of GCLK2_50. EBDF determines the
division factor between GCLKGCLK2 and GCLK1_50/GCLK2_50.

During power-on reset, the MODAKMODCK2, and MODCKS pins datmine the clock source for the
PLL and the clock drivers. These pine &tched on the positive edge of PORESHeir values must be
stable as long as this line is assdrfThe configuration modes are showmable 8-1 MODCK1 specifies
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the input source to the SPLL (main system ogoitlar EXTCLK). MODCK1, MODCK2, and MODCK3
together determine the multiplication factoreset and the functionality of limp mode.

If the configuration of PITRTCLKand TMBCLK and thésPLL multiplication factor is to remain
unchanged in power-down low-poweaode, the MODCK signals should rime sampled at wake-up from
this mode. In this case the PORESH should remainegated and HRESEShould be asserted during
the power supply wake-up stage.

When MODCKU1 is cleared, the output of the main lketoir is selected as the input to the SPLL. When
MODCK1 is asserted, the #®xnal clock input (EXTCLK pin) is setted as the input the SPLL. In all
cases, the systemock frequency (fregko) can be reduced by the DFNH[0:2] bits in the SCCR. Note
that freyciko(maxyoccurs when the DFNH bits are cleared.

The TBS bit in the SCCR selects titae base clock to be eitheret®PLL input clock or GCLK2. When
the backup clock is functioning as the system clockh#oiup clock is automatically selected as the time
base clock source.

The PITRTCLK frequency and souraee specified by the RTDIV aRITSEL bits in the SCCR. When
the backup clock is functioning as the system clockh#oiup clock is automatically selected as the time
base clock source.

When the PORESEpIn is negated (driven to a highlve), the MODCK1, MODCK2, and MODCK3
values are not affected. They remain the sameegsaare defined during thmost recent power-on reset.

Table 8-1shows the clock configurationades during power-on reset (PORES&SEerted).

NOTE

The MODCK{[1:3] are sharedihctions with IRQ[5:7]. If IRQ6:7] are used
as interrupts, the interrupt soursigould be removed during PORESH®T
insure the MODCK pins are in tlerrect state on the rising edge of
PORESET

Table 8-1. Reset Clocks Source Configuration

Default Values after PORESET
MODCK[1:3]* SPLL Options
31 Mg | RTsEL | RTDIV | ME+1 | PITCLK | TMBCLK P
Division Division

000 0 0 0 1 4 4 Used for testing purposes.
Normal operation, PLL enabled.
Main timing reference is crystal

001 0 0 1 1 256 16 0sc (20 MH2).
Limp mode disabled.
Normal operation, PLL enabled.
Main timing reference is crystal

010 1 0 1 5 256 4 0sc (4 MHz).
Limp mode enabled.
Normal operation, PLL enabled.
Main timing reference is crystal

011 1 0 1 1 256 16 0sc (20 MH2).
Limp mode enabled.
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Table 8-1. Reset Clocks Source Configuration (continued)

Default Values after PORESET

MODCK][1:3]* PITCLK | TMBCLK SPLL Options
LME RTSEL | RTDIV MF + 1 Division Division

Normal operation, PLL enabled.
1:1 Mode
100

101 0 1 1 1 256 16 Main timing reference is EXT-
CLK pin (>15MHz)
Limp mode disabled.

Normal operation, PLL enabled.
Main timing reference is EXT-
CLK (3-5 MHz).

Limp mode disabled.

110 0 1 1 5 256 4

Normal operation, PLL enabled.
1:1 Mode

111 1 1 1 1 256 16 Main timing reference is EXT-
CLK pin (>15MHz)

Limp mode enabled.

1 indicates MODCK pins value during power-on reset

NOTE
The reset value of the PLL pre-divider is one.

The values of the PITRTCLK clock division am¥IBCLK clock division can be changed by software.
The RTDIV bit value in the SCCRgester defines the division of PRTCLK. All possible combinations
of the TMBCLK divisions are listed iffable 8-2

Table 8-2. TMBCLK Divisions?

SCCR[TBS] MF + 1 TD'\I/'V'?SCI'(;:
1 — 16
0 1,2 16
0 >2 4

1 To ensure correct operation of the time base, keep the system clock to time
base clock ratio above 4 and always set SCCR[TBS] = 1 when running on
the backup clock (limp mode).

8.5.1 General System Clocks

The general system clocks (GCLK1C, GA® GCLK1, GCLK2, GCLK1 50and GCLK2_50) are the
basic clock supplied to all lules and sub-modules on the @8%1/MPC563. GCLK1C and GCLK2C
are supplied to the RCPU and to the BBC. GCLKh@ GCLK2C are stopped when the chip enters the
doze-low power mode. GCLK1 and GK2 are supplied to the SIU arlde clock module. The external
bus clock GCLK2_50 is the same as CLKOUT. Theegal system clock defaults to VCO/2 = 20 MHz
(assuming a 20-MHz systenefiuency) with default power-on reset MF values.
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The general system clock frequgraan be switched between diffetealues. The lghest operational
frequency can be achieved when the system clecjuéncy is determined by DFNH (CSRC bit in the
PLPRCR is cleared) and DFNH = Q\@ion by one). The general systefock can be opated at a low
frequency (gear mode) or a high foeecy. The DFNL bits in SCCR deé the low frequency. The DFNH
bits in SCCR define the high frequency.

The frequency of the general s#st clock can be changed dynamicaligh the system clock control
register (SCCR), as shownfhigure 8-5

VCO/2 (e.g., 40 MHz) Normal

DFNH

o DFNH Divider o)
General System C|OC?

DFNL
DFNL Divider o

Low Power

Figure 8-5. General System Clocks Select

The frequency of the general systelock can be changed “on the flgy software. The user may simply
cause the general system clock to switch to its leguency. However, in sonagplications, there is a
need for a high frequency during certain periodieriapt routines, for example, may require more
performance than the low frequenmyeration provides, buhust consume less power than in maximum
frequency operation. The MPC561/MP&3 provides a method to autoncatly switch between low and
high frequency operation whenever arighe following conditions exists:

* There is a pending interrupt from timterrupt controller. This opin is maskable by the PRQEN
bit in the SCCR.

* The(POW) bit in the MSR is clear in normal apgon. This option is maskable by the PRQEN
bit in the SCCR.

When neither of these conditions exists and the CBIRiG PLPRCR is set, the general system clock
switches automatically back to the low frequency.

Abrupt changes in the divide ratio can causedr changes in the operating currents of the
MPC561/MPC563.

When the multiplication factor (PIEFRCR[MF]) for the PLL is changed,&iPLL stops all internal clocks
until the PLL adjusts to the new frequency. Tinidudes stopping the clock to the watchdog timer,
therefore SWT cannot reset thygstem during this period.

When the clock stops, the current consumed by theedéwm VDD will fall; it will then rise sharply
when the PLL turns on the PLL output clocks at the frequency. These abrupt changes in the divide
ratio can cause linear changes ia tiperating currents of the devitesure that th@roper power supply
filtering is available to handle ehges instantaneously. The geades (DFNH and DFNL) can be used
to temporarily decrease the system frequencygitomize the demand on the pemsupply when the MF
or DIVF multiply/divide ratio is changed.

When the general system clock is divided, its awtyle is changed. One phasenains the same (for
example, 12.5 ns at 40 MHz) while the other becomes longer.
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NOTE

CLKOUT does not have a 50% duty oyevhen the general system clock is
divided. The CLKOUT wave form ithe same as that of GCLK2_50.

GCLKlDivideby1||||||||||||||||||||
GCLK2Divideby1||||||||||||||||||||

GCLK1 Divide by 2_|_| [] [] [] []
GCLK2 Divide by 2 [] [ [ ] []
GCLK1 Divide by 4 [ | [ []
GCLK2 Divide by 4 _ [ ] [ []

Figure 8-6. Divided System Clocks Timing Diagram

The system clocks GCLK1 and GCLK2 frequency is:

FREQ - FREQsysmax

Sys DFNH DENL +1
2 or 2

where FREQsysmax = VCOOUT/2

Therefore, the complete equation for detiming the system clock frequency is:

OSCCLK (MF + 1) 2
System Frequency= — X X

DIVF +1 (2DNFH) or (ZDFNL +1)

MPC561/MPC563 Reference Manual, Rev. 1.2
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The clocks GCLK1 50 and GCLK2_50 frequency is:

FREQsysmax 1
DFNH or 2DFNL+1 EBDF +1

FREQg, =
2

Figure 8-7shows the timing of USIU clocks when DFNH = 1 or DFNL = 0.

GCLK1 ‘

GCLK2

GCLK1_50
(EBDF = 00)

GCLK2_50
(EBDF = 00)

CLKOUT
(EBDF = 00)

GCLK1_50
(EBDF = 01)

GCLK2_50
(EBDF = 01)

CLKOUT
(EBDF = 01)

Figure 8-7. Clocks Timing For DFNH = 1 (or DFNL = 0)

8.5.2  Clock Out (CLKOUT)

CLKOUT has the same frequencyths general system clock (GCLK2_50nlike the main system clock
GCLK1/GCLK2 however, CLKOUT (and A®&X2_50) represents the extermais clock, and thus will be
one-half of the main system clock if the extdrpus is running at half speed (EBDF = 0b01). The
CLKOUT frequency (system frequenaygfaults to VCO/2. CLKOUT cadrive full, half, or quarter
strength; it can also be disabled eTdrive strength is controlled the system clock and reset-control
register (SCCR) by the CONIf1] and CQDS bits. (Se®ection 8.11.1, “System Clock Control Register
(SCCR)?. Disabling or decreasingdtstrength of CLKOUT can rede@ower consumption, noise, and
electromagnetic interference on the printed circuit board.

When the PLL is acquiring lock, the CLKOUT signatlisabled and remains in the low state (provided
that BUCS = 0).
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8.5.3 Engineering Clock (ENGCLK)

ENGCLK is an output clock with 80% duty cycle. Its frequency defés to VCO/128, which is 1/64 of
the main system frequency. ENGICfrequency can be programmemthe main system frequency
divided by a factor from one 4, as controlled by the ENGDIV[Q:bits in the SCCR. ENGCLK can
drive full- or half-strengthor it can also be disabled (remaininghe high state). The drive strength is
controlled by the EECLK[0:1] bits in the SCCRisabling ENGCLK can reduce power consumption,
noise, and electromagnetic intedace on the printed circuit board.

NOTE
The full strength ENGCLK settinCCR[EECLK]=0b01) selects a 5-V

driver while the half-strength ketion (SCCR[EECLK]=0b00) is a 2.6-V
driver.

When the PLL is acquiring lock, tieENGCLK signal is disabled and remains in the low state (provided
that BUCS = 0).

NOTE
Skew elimination between CLKOUdnd ENGCLK is not guaranteed.

8.6  Clock Source Switching

For limp mode support, clock sourceiwhing is supported. fior any reason the clesource for the chip
is not functioning, the option is to switch the systclock to the backupaitk ring oscillator, BUCLK.

This circuit consists of a loss-of-clock detectorjahbsets the LOCS statbg and LOCSS sticky bit in
the PLPRCR. If the LME bit in the SIR is set, whenever LOCS issrted, the clock logic switches the
system clock automatically to BUBLand asserts hard reset to thgclwitching the system clock to
BUCLK is also possible bgoftware setting the STBUC bit in SCCRwitching from limp mode to normal
system operation is accomplisheddbgaring STBUC and LOCSS bits. iStoperation also asserts hard
reset to the chip.

At HRESETassertion, if the PLL output clock is not whlthe BUCLK will be skected until software
clears LOCSS bit ISsCCR. At HRESEBssertion, if the PLbutput clock is valid, th system will switch
to oscillator/external clock. If during HRESHEfe PLL loses lock or theatk frequency becomes slower
than the required value, the systenfi switch to the BUCLK. After HRESEhegation the PLL lock
condition does not effect thestgm clock source selection.

If the LME bit is clear, the switch tine backup clock is disabled aasisertion of STBQ bit is ignored.
If the chip is in limp mode, cleag the LME bit switches the systdmnormal operation and asserts hard
reset to the chip.

Figure 8-8describes the clock stwhing control logic.Table 8-3summarizes the status and control for
each state.
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Figure 8-8. Clock Source Switching Flow Chart

NOTE

buclk_enable = (STBUC | LO) and LME lock indicatekss of lock status
bit (LOCS) for all cases and lossabck sticky bit (LOCSS) when state 3
is active. When buclk_enableabanged, the chip asserts HRESBT
switch the system clock to BUCLK or PLL.

At PORESETnegation, if the PLL is not lo€kl, the loss-of-clock sticky bit
(LOCSS) is asserted, and thepckhould operate with BUCLK.
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The switching from state three to stébur is accomplised by clearing the
STBUC and LOCSS bits. If the switclg is done when the PLL is not
locked, the system clock will noscillate until lockcondition is met.

Table 8-3. Status of Clock Source

STATE | PORESET | HRESET | LME ('S‘gﬁlss) E‘S%Efys) STBUC | BUCS 82::pk
Source
1 0 0 1 0 0 0 1 BUCLK
2 1 0 1 0/1 0 0 1 BUCLK
3! 1 1 1 x? 01 01 1 BUCLK

4 1 0 0/1 0 X2 0 0 Oscillator

5 1 1 0/1 0 x? 0 0 Oscillator
6 1 0 1 0/1 1 01 1 BUCLK

1 At least one of the two hits, LOCSS or BUCS, must be asserted (one) in this state.
2 X =don't care.

The default value of the LME bit is determinegl MODCK][1:3] during assertion of the PORESHTe.
The configuration mades are shown ifable 8-1

8.7 Low-Power Modes

The LPM and other bits in the PRCR are encoded to provide ar@mal operating mode and four
low-power modes. In normal and @domodes the system can be ighstate with frequency defined by
the DFNH bits, or irthe low state with frequency defined thye DFNL bits. The normal-high operating
mode is the state out téset. This is also the statf the bits after the low-p@wmode exit signal arrives.
There are four low-power modes:

* Doze mode

* Sleep mode

* Deep-sleep mode

* Power-down mode

8.7.1 Entering a Low-Power Mode

Low-power modes are enabled bytsg the MSR[POW)] and clearirtpe SCCR[LPML]. Once enabled,
a low-power mode is entered by setting the LPMtoitthe appropriate value. This can be done only in
one of the normal modes. The usannot change the PLPRCR[LPM@8RC] when the MCU is in doze
mode.

NOTE

Higher than desired currents durilegv-power mode can be avoided by
executing a mullw instruction befoeamtering the low-power mode, i.e.,
anytime after reset and prior émtering the low-power mode.
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Table 8-6summarizes the control bit settinfgs the different clock power modes.
Table 8-4. Power Mode Control Bit Settings

Power Mode LPM[0:1] | CSRC TEXPS
Normal-high 00 0 X
Normal-low (“gear”) 00 1 X
Doze-high 01 0 X
Doze-low 01 1 X
Sleep 10 X X
Deep-sleep 11 X 1
Power-down 11 X 0

8.7.2 Power Mode Descriptions

Table 8-5describes the clock frequency andpdunctionality for each power mode.

Table 8-5. Power Mode Descriptions

Power Pins that Need

Operation Mode SPLL Clocks Functionality to be Powered-Up
Normal-high Active Full frequency + | Full functions not in use All On
2DFNH are shut off
Normal-low (“gear”) Active Full frequency + All On
9DFNL+1
Doze-high Active Full frequency + Enabled: RTC, PIT, KAPWR, VDDSYN,
2DFNH TB and DEC, VDD, QVDDL, NVDDL,
controller IRAMSTBY

Disabled: extended

Doze-low Active Full frequency + KAPWR, VDDSYN,
2DFNL+1 core VDD, QVDDL, NVDDL
(RCPU, BBC, FPU) ' ' '
IRAMSTBY
Sleep Active Not active Enabled: RTC, PIT, TB KAPWR, VDDSYN,
and DEC IRAMSTBY
Deep-sleep Not active Not active KAPWR, IRAMSTBY
Power-down Not active Not active KAPWR, IRAMSTBY
SRAM Standby Not active Not active SRAM data IRAMSTBY

retention

8.7.3 Exiting from Low-Power Modes

Exiting from low-power modes occurs throughaaynchronous interrupt arsynchronous interrupt
generated by the interrugdntroller. Any enabled gschronous interrupt cleatise LPM bits but does not
change the PLPRCR[CSRC] bit.

MPC561/MPC563 Reference Manual, Rev. 1.2
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The return to normal-high modeofn normal-low, doze-high, low, arsleep mode is accomplished with
the asynchronous interrupt. The sosroéthe asynchronous interrupt are:

* Asynchronous wake-up interrufpom the interrupt controller

* RTC, PIT, or time base interrupts (if enabled)

» Decrementer exception
The system responds quickly toayashronous interrupts. The wake-iipe from normal-low, doze-high,
doze-low, and sleep mode caused by an asynchronteusijpt or a decrementer exception is only three
to four clock cycles of maximumystem frequency. 40-MHz systems, this vka-up requires 75 to 100

ns. The asynchronous wake-ugemupt from the interrupt controllerlisvel sensitive onét will therefore
be negated only after the reset of intptrcause in the interrupt controller.

The timers’ (RTC, PIT, time base, or decrementdermpts indications set stet bits in the PLPRCR
(TMIST). The clock module considers this interrtgpbe pending asynchronoungerrupt as long as the
TMIST is set. The TMIST status bit should dleared before enteig any low-power mode.

Table 8-7summarizes wake-ugperation for each of the low-power modes.
Table 8-6. Power Mode Wake-Up Operation

Oberation Mode Wake-up Return Time from Wake-up
P Method Event to Normal-High
Normal-low (“gear”) Software Asynchronous interrupts:
or 3-4 maximum system cycles
Interrupt Synchronous interrupts:
Doze-high Interrupt 3-4 actual system cycles
Doze-low Interrupt
Sleep Interrupt 3-4 maximum system clocks
Deep-sleep Interrupt < 500 Oscillator Cycles
125 ps — 4 MHz
25 pus — 20 MHz
Power-down Interrupt <500 oscillator cycles + power
supply wake-up
IRAMSTBY External Power-on sequence

8.7.3.1 Exiting from Normal-Low Mode

In normal mode (as well as doze mpdethe PLPRCR[CSRChit is set, the sysin toggles between low
frequency (defined by PLPRCR[DFfLand high frequency (definddy PLPRCR[DFNH]. The system
switches from normal-low mode twrmal-high mode if either dhe following conditions is met:

* Aninterrupt is pending frorthe interrupt controller; or
* The MSR[POW] bit is clearegp¢wer management is disabled).

When neither of these conditionganet, the PLPRCR[CSRC] bitset, and the asynchronous interrupt
status bits are reset, the gystreturns to normal-low mode.
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8.7.3.2 Exiting from Doze Mode

The system changes from doze mode to normal+higthe whenever an interrupt is pending from the
interrupt controller.

8.7.3.3 Exiting from Deep-Sleep Mode

The system switches from deep-sleapde to normal-high ode if any of the fobbwing conditions is met:
* Aninterrupt is pending frorthe interrupt controller
* Aninterrupt is requested by the RTC, PIT, or time base
* A decrementer exception

In deep-sleep mode the PLL is disabled. Thiemap time from this modis up to 500 PLL input

frequency clocks. In one-to-one mode the wakéiap may be up to 100 PLL input frequency clocks.
For a PLL input frequency of 4 MH#e wake-up time is less than 125 ps.

8.7.3.4 Exiting from Power-Down Mode

Exit from power-down mode is accomplished throbghd reset. Externabdgjic should assert HRESET
response to the TEXPS bit being set and TEXP pingoagsserted. The TEXPS bit is set by an enabled
RTC, PIT, time base, or decrementer interrupt. fdmel reset should be asserted for no longer than the
time it takes for the power supply wake-up in addition to the PUbck time. When the TEXPS bit is
cleared (and the TEXP signal is negated), assertiorrdfrbset sets the bit, causes the pin to be asserted,
and causes an exit from power-down low-power mode. Refeedtion 8.8.3, “Keep-Alive Powefor

more information.

8.7.3.5 Low-Power Modes Flow

Figure 8-9shows the flow among the different power modes.
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1
Software Normal-Low

\4 (MSR[POW!]+Interrupt)+PLPRCR[CSRC]
LPM=00,CSRC =1

((MSR[POW]+Interrupt))*CSRC3

/7

1

Software Doze-Low

LPM=01,CSRC=1 /

Interrupt
[ ]
Wake-up: 3 - 4 SysFreq
Clocks
Asynchronous
1
Software Doze-High Interrupts -
LPM =01, CSRC = 0/1 J Wake-up: 3 - 4 Sys g Normal
Fregmax Clocks High Mode
LPM =00
1 CSRC =0/1
Software Sleep Mode |
LPM =10,CSRC =0
Sof 1 Async. Wake-up or
oftware Deep-Sleep Mode RTC/PIT/TB/DEC Interrupt
LPM =11, CSRC =0, Wak .
TEXPS = 1 ake-up: 500 Input

Frequency Clocks

1

0 .

Soft - -
orware Power-Down Mode RTC/PIT/TB/DEC interrupt
LPM =11, CSRC =0, >
TEXPS = 02 followed by External Hard Reset
Software * >
Hard Reset >

N

1Software is active only in normal-high/low modes.
2TEXPS receives the zero value by writing one. Writing of zero has no effect on TEXPS.
3The switch from normal-high to normal-low is enable only if the conditions to asynchronous interrupt are cleared.

Figure 8-9. Low-Power Modes Flow Diagram
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8.8 Basic Power Structure

8.8.1 General Power Supply Definitions

KAPWR and VSS power the following clock unitodules: oscillator, FRTCLK and TMBCLK
generation logic, timebase, decreteenRTC, PIT, system clock caot register (SCCR), low-power and
reset-control register (PLPRGRand reset status regis(&SR). All other circuits are powered by the
normal supply pins: VDDQVDDL, NVDDL, VDDF, VDDSYN, VFLASH, VDDH and VSS. The power
supply for each block is listed rable 8-7

Table 8-7. Power Supplies

Circuit Power Supply

CLKOUT NVDDL/QVDDL
SPLL (digital),
System low-power control

Internal logic
Clock drivers
SPLL (analog) VDDSYN
Main oscillator KAPWR

Reset machine

Limp mode mechanism
Register control

SCCR, PLLRCR and RSR
PPC RTC, PIT, TB, and DEC

CALRAM, DPTRAM, DECRAM IRAMSTBY/VDD?

1 Keep-alive power is supplied by IRAMSTBY, but run
current is provided through VDD

The following are the relatiorizetween different power supplies:
VDD =QVDDL =NVDDL =VDDSYN=VDDF=2.6 V0.1V
« KAPWR =VDD % 0.2 V @during normal operation)
* VDDH = VDDA = VFLASH =5.0 £ 5%
« KAPWR =2.6 £ 0.1 V (during standby operation)
 |IRAMSTBY = current source > 50 YA, < 1.75 mA (average)

NOTE

The power supply inputs VDD,\YDDL, NVDDL, VDDSYN, and VDDF
should all be connected to tkame 2.6-V power supply. The KAPWR
power supply can be connectedat@.6-V standby power supply. If
KAPWR is not connected tstandby power supplyshould be connected
to the same power supply as VDIRAMSTBY is the input to an
approximately 1.7 volt regulator. It must connected tbugh a resistor to
a standby power supply. The poveeipply inputs VDDH and VFLASH
should be connected to the same\d f4pply. VDDA can be isolated from
VDDH, but should be the sze approximee voltage.
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8.8.2 Chip Power Structure

The MPC561/MPC563 provides a wide rang@adsibilities for powesupply connections:igure 8-11
illustrates the different poweupply sources for each thfe basic units on the chip.

8.8.2.1 NVDDL

This supplies the final output segof the 2.6-V pad output drivers.

8.8.2.2 QVvDDL

This supplies all pad logic and preixahr circuitry, except for the fin@utput stage of the 2.6-V pad output
drivers.

8.8.2.3 VDD
VDD powers the internal logic dhe MPC561/MPC563, nominally 2.6V.

8.8.2.4 VDDSYN, VSSSYN

The charge pump and the VCO o¢tBPLL are fed by a separate ¥.@ower supply (VDDSYN) in order
to improve noise immunity and achieve a high sigtih its output frequency. VSSSYN provides an
isolated ground reference for the PLL.

8.8.2.5 KAPWR

The oscillator, time base countdecrementer, periodic interrupt timend the real-time clock are fed by
the KAPWR rail. This allows the é&xrnal power supply unib disconnect all othesub-units of the MCU

in low-power deep-sleep mode. The TEXP pin (fedhgysame rail) can be used by the external power
supply unit to switch between sources. The [RQY/MODCK][2:3], IRQEMODCK1, XTAL, EXTAL,
EXTCLK, PORESETHRESET SRESETand RSTCONHEXP input pins are powered by KAPWR.
Circuits, including pull-up resters, driving these inpushould be powered by KAPWR.

8.8.2.6 VDDA, VSSA

VDDA supplies power to the analegbsystems of the QADC64E ahd QADC64E_B modules; it is
nominally 5.0 V. VSSA is the grourréference for the analog subsystems.

8.8.2.7 VFLASH

VFLASH supplies the UC3F normal operating voltalgés nominally 5.0 V. The MPC561 has no
VFLASH signal.

8.8.2.8 VDDF, VSSF

VDDF provides internal core voltage to the UG3&sh module; it should be a nominal 2.6V. VSSF
provides an isolated ground for the UC3F Flasidule. The MPC561 has no VDDF or VSSF signal.
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8.8.2.9 VDDH
VDDH provides power for the 5-V I/©perations. It is a nominal 5.0 V.

8.8.2.10 IRAMSTBY

IRAMSTBY is the data reterdgn power supply for all on-boaRIAM arrays (CALRAM, DPTRAM,
DECRAM). It has a shunt regulataircuit of approximatelyl.7 volts that divegtexcess current to ground
in order to regulate voltage timee IRAMSTBY power supply pin. Ruzurrent is supplied by normal VDD.
IRAMSTBY must be connected tpositive power supplyija a register, andypassed by a capacitor to
ground (sed-igure 8-10 The resistor should sized accoglto the following equations:

(VsuppLymin — 1.95 V)
>50 A

RsuppLy

(VsuppLymax — 1.35 V)
<1.75 mA (average)

RsuppLy

where \5yppLyminiS the lowest supply voltage and\pp| ymax iS the highest possible supply voltage.
See note in the VSRMCR[ZOREG] bit description.

RsuppLy
VSUPPLY @——AW IRAMSTBY

CsuppLy

Figure 8-10. IRAMSTBY Regulator Circuit

8.8.2.11 VSS
VSS provides the ground reference for the MPC561/MPC563.
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VDD  VFLASH VDDF VDDA VSSA

v A 4 y v 4

IRAMSTBY VDDH

CALRAM FLASH* QADC

and DEC

»| | DPTRAM

VDD

Clock Control

DECRAM PLL NVDDL

QVDDL

/0
VDD ' Oscillator, TEXP
Internal Logic PIT, RTC, TB,
KAPWR

Note: Flash is not implemented on the
MPC561. VDDSYN

Figure 8-11. Basic Power Supply Configuration

8.8.3 Keep-Alive Power

8.8.3.1 Keep-Alive Power Configuration

Figure 8-12s an example of a switalg scheme for an optized low-power system. SW1 and SW2 can
be unified in only one switcih VDDSYN and VDD/NVDDL/QVDDL are supplied by the same source.
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Swi
Y e — _
: 1 Main Power
VDDSYN . | Supply
: : %7 26V
1 1
1 O—F—o
1 1 SW2
VDD . |
1 ( )—|—\
1 1 v
1 1
MPC561/MPC563 | EXP | Switch
Logic
IRAMSTBY IRAMSTBY
Power Supply

KAPWR

Figure 8-12. External Power Supply Scheme

The MPC561/MPC563 asserts the TEX@nal, if enabled, when the R TB time value matches the
value programmed in éhassociated alarm register or when’iiT or DEC valuegaches zero. The TEXP
signal is negated when the TEXBt&tus bit is written to one.

The KAPWR power supply feeds the imarystal oscillator (OSCM). Técondition for the main crystal
oscillator stability is that the paw supply value changes slowly. Theximaum slope must be less than 5
mV per oscillation cycle Y¥ 200-300/fregscn)-

8.8.3.2 Keep-Alive Power Registers Lock Mechanism

The USIU timer, clocks, reset, pew decrementer, and time basgisters are powered by the KAPWR
supply. When the main peer supply is disconnectedter power-down mode entered, the value stored
in any of these registers is preserved. If powersdowde is not entered begopower disconnect, there
is a chance of data lossthese registers. To minimize the pbdgy of data Iss, the MPC561/MPC563
includes a key mechanism that ensures data retentlon@as a register is locked. While a register is
locked, writes to this register are ignored.

Each of the registers in the KAPWR region have a katydan be in one of two states: open or locked. At
power-on reset the following keys are locked by dief&TC, RTSEC, RTCAL, and RTCSC. All other
registers are unlocked. Each key has an addassociated with it in the internal map.
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A write of 0X565CCAA33 to the associated key registainges the key to the open state. A write of any
other data to this tmtion changes the key to the locked stahe key registers are write-only. A read of

the key register has undefined side effects and maytéxpreted as a writedhlocks the associated

register.

Table 8-8lists the registers powered by KARMNd the associated key registers.
Table 8-8. KAPWR Registers and Key Registers

KAPWR Register

Associated Key Register

Address or
SPR Number

Register

Address

Register

0x2F C200

Time Base Status and Control (TBSCR)
See Table 6-18 for bit descriptions.

0x2F C300

Time Base Status and Control Key
(TBSCRK)

0x2F C204

Time Base Reference 0 (TBREFO)
See Section 6.2.2.4.3, “Time Base
Reference Registers (TBREFO0 and
TBREF1)” for bit descriptions.

0x2F C304

Time Base Reference 0 Key (TBREFOK)

0x2F C208

Time Base Reference 1 (TBREF1)
See Section 6.2.2.4.3, “Time Base
Reference Registers (TBREFO and
TBREF1) for bit descriptions.

0x2F C308

Time Base Reference 1 Key (TBREF1K)

0x2F C220

Real Time Clock Status and Control
(RTCSC)

See Table 6-19 for bit descriptions. This
register is locked after reset by default.

0x2F C320

Real Time Clock Status and Control Key
(RTCSCK)

Ox2F C224

Real Time Clock (RTC)

See Section 6.2.2.4.6, “Real-Time Clock
Register (RTC)” for bit descriptions. This
register is locked after reset by default.

Ox2F C324

Real Time Clock Key (RTCK)

Ox2F C228

Real Time Alarm Seconds (RTSEC)
Reserved. This register is locked after
reset by default.

O0x2F C328

Real Time Alarm Seconds Key (RTSECK)

Ox2F C22C

Real Time Alarm (RTCAL)

See Section 6.2.2.4.7, “Real-Time Clock
Alarm Register (RTCAL)” for bit
descriptions. This register is locked after
reset by default.

Ox2F C32C

Real Time Alarm Key (RTCALK)

0x2F C240

PIT Status and Control (PISCR)
See Table 6-20 for bit descriptions.

0x2F C340

PIT Status and Control Key (PISCRK)

Ox2F C244

PIT Count (PITC)
See Table 6-21 for bit descriptions.

Ox2F C344

PIT Count Key (PITCK)

Ox2F C280

System Clock Control Register (SCCR)
See Table 8-9 for bit descriptions.

O0x2F C380

System Clock Control Key (SCCRK)

Ox2F C284

PLL Low-Power and Reset-Control
Register (PLPRCR)
See Table 8-11 for bit descriptions.

Ox2F C384

PLL Low-Power and Reset-Control
Register Key (PLPRCRK)
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Table 8-8. KAPWR Registers and Key Registers (continued)

KAPWR Register Associated Key Register
Address or . .
SPR Number Register Address Register
O0x2F C288 Reset Status Register (RSR) O0x2F C388 | Reset Status Register Key (RSRK)
See Table 7-3 for bit descriptions.
SPR 22 Decrementer 0x2F C30C | Time Base and Decrementer Key (TBK)

See Section 3.9.5, “Decrementer Register
(DEC)” for bit descriptions.

SPR 268, 269, |Time Base
284, 285, See Section 6.2.2.4.2, “Time Base SPRs
(TB),” for bit descriptions.

Figure 8-13illustrates the process of locking amlocking a register powered by KAPWR.

Power-On Reset
(Valid for other registers)

Open
Write to the key other value Write to the Key OX55CCAA33
Power On Reset
(Valid for RTC, RTSEC,
Locked RTCAL and RTCSC)

Figure 8-13. Keep-Alive Register Key State Diagram

8.9 IRAMSTBY Supply Failure Detection

A special circuit for IRAMSTBY supply failure diection is provided. In #hcase of supply failure
detection, the dedicated sticky bits LVSRS in the VS egister are asserted. Software can read or
clear these bits. The user should dadhe detector and then clear thbgs. If any of the LVSR bits are
read as one, then a power failofdRAMSTBY has occurred. The cirdus capable of detecting supply
failure below a voltage level tee determined. Also, enable/digaloontrol bit for the IRAMSTBY
detector may be used to disconnect theudignd save the detector power consumption.

8.10 Power-Up/Down Sequencing

Figure 8-14andFigure 8-15detail the power-up sequenciftg MPC561/MPC563 during normal
operation. Note that for each of tbenditions detailing the voltage rétanships the absolute bounds of
the minimum and maximum voltagepply cannot be violated; that the value of VDDL cannot fall
below 2.5V or exceed 2.7 V, and the value of VD&arnot fall below 4.75 V or exceed 5.25 V for normal
operation. Power consumption during power ugpusacing will be below the operating power
consumption.
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During the power down sequence PORES®IE&ds to be asserted venWDD, NVDDL, and QVDDL are
at a voltage greater than or equal to 2.5 V. Belasvwtbltage the power supply chip can be turned off.

If the turn-off voltage of the power supply chigi®ater than 0.74 V for tl#6-V supply and greater than
0.8 V for the 5-V supply, then thercuitry inside the MPC561/MPC563 wdtt as a load to the respective
supply and will discharge the supply line down to thedaes. Since the 2.6-\ddjic represents a larger
load to the supply chip, the 2.6-V supply lwél decay faster than the 5-V supply line.

| | 1
[ Power On | Operating| | Power Off

1

[

i 1 } }
Sqae Note 1. S,;ee Note 2. |

|

|

VDDH : ﬂ, I I \
VDD, NVVL, . I/ﬁ : : \ .
QVE/.E)IL_WR : : \4; : 7l ﬂ\ : |
IRAMSTBY ' ; l | . , |
VDDA, VRH | | L/ ) N .
VDDSYN l I / N\

/

VFLASH (5 V)

PORESET I
HRESET |

|

I I |
i |

|

1 VDDH t QVDDL - 0.5V

VDDA can lag VDDH, and VDDSYN can lag QVDDL, but both must be at a valid level before resets are negated.

If keep-alive functions are NOT used, then when system power is on: KAPWR = QVDDL + 0.1 V; KAPWR d2.7 V

3 If keep-alive functions ARE used, then KAPWR = QVDDL = NVDDL = 2.6 V + 0.1 V when system power is on
KAPWR = 2.6 V £ 0.1 V when system power is off. IRAMSTBY should be powered prior to the other supplies. If
IRAMSTBY is powered at the same time as the other supplies, it should be allowed to stabilize before PORESET
is negated. Normal system power is defined as QVDDL = VDD = VDDF = VDDSYN = KAPWR =2.6 + 0.1 V and
VDDA = VDDH = VFLASH = 5.0 + 0.25 V. Flash programming requirements are the same as normal system
power. VFLASH should always be 5.0 £ 0.25 V. Note: Flash is not implemented on the MPC561.

4 Do not hold the 2.6-V supplies at ground while VDDH/VDDA is ramping to 5 V.

5 1f 5 V is applied before the 2.6-V supply, all 5-V outputs will be in indeterminate states until the 2.6-V supply
reaches a level that allows reset to be distributed throughout the device If 5 V is applied before the 2.6-V supply,
all 5-V outputs will be in indeterminate states until the 2.6-V supply reaches a level that allows reset to be
distributed throughout the device

Figure 8-14. No Standby, No KAPWR, All System Power-On/Off
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| 1 1
Power Off |
No Batter

1 ! ! 1
| No Battery, Connect Battefy power On | Operating | y |
| [ | [ | | |
I | | I | I [
I

VDDH : : : | )‘ : :
VDD, NWL, | D4 1 L\ 5
QVvDDL | | | [ | \ | |
IRAMSTBY  med : S : : \ : -
[ I |
VDDA, VRH ey ' ' / | .l \ ' '
VDDSYN e ' w4 | N\ l
| [ | | | | [
| | [ [ I [ I
| [ | | | | I
| | i ! ! | I

: ] 1 / I I :
VFLASH (5 V) | '

I |
PORESET I | I

\
|
! I [
HRESET I L ’

1 VDDH t QvDDL - 0.5V
VDDA can lag VDDH, and VDDSYN can lag QVDDL, but both must be at a valid level before resets are negated.

2 |f keep-alive functions are NOT used, then when system power is on: KAPWR = QVDDL + 0.1 V; KAPWR d2.7 V

3 I keep-alive functions ARE used, then KAPWR = QVDDL = NVDDL = 2.6 V + 0.1 V when system power is on
KAPWR = 2.6 V £+ 0.1 V when system power is off. IRAMSTBY should be powered prior to the other supplies. If
IRAMSTBY is powered at the same time as the other supplies, it should be allowed to stabilize before PORESET
is negated. Normal system power is defined as QvDDL = VDD = VDDF = VDDSYN = KAPWR =2.6 + 0.1 V and
VDDA = VDDH = VFLASH = 5.0 + 0.25 V. Flash programming requirements are the same as normal system
power. VFLASH should always be 5.0 £ 0.25 V. Note: Flash is not implemented on the MPC561.

4 Do not hold the 2.6-V supplies at ground while VDDH/VDDA is ramping to 5 V.

If 5V is applied before the 2.6-V supply, all 5-V outputs will be in indeterminate states until the 2.6-V supply

reaches a level that allows reset to be distributed throughout the device If 5 V is applied before the 2.6-V supply,

all 5-V outputs will be in indeterminate states until the 2.6-V supply reaches a level that allows reset to be

distributed throughout the device

Figure 8-15. Standby and KAPWR, Other Power-On/Off

NOTE
For more detailed informiain on power sequencing s8ection F.8,
“Power-Up/Down Sequencing

8.11 Clocks Unit Programming Model

8.11.1 System Clock Control Register (SCCR)
The SPLL has a 32-bit control register, SG@Rich is powered by keep-alive power.
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Field
PORESET
HRESET
Addr

PORESET
HRESET

MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
DBCT| COM |DCSLR|MFPDL|LPML|TBS|RTDIV4|STBUC|CQDS |PRQEN | RTSEL |BUCS |EBDF[0:1]| LME
1 0 | ID2t 0000 1 1 0 1 EQ22 | 0 [ID[13:14]'|EQ33
U 0 | ID2t Unaffected 1 Unaffected |ID[13:14]'| U
0x2F C280
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
EECLK[0:1] ENGDIV[0:5] — DFNL[0:2] — DFNH[0:2]
0 0 1 1 1 1 1 1 0000_0000
Unaffected 0000_0000

1 The hard reset value is a reset configuration word value, extracted from the indicated internal data bus lines. Refer to Section 7.5.2,
“Hard Reset Configuration Word (RCW)."
2 EQ2 = MODCK1
3 EQ3 = (MODCK1 AND MODCK2 AND MODCK3) | (MODCK1 AND MODCK2 AND MODCK3) | (MODCK1 AND MODCK2 AND
MODCKRQ). See Table 8-1.
4 RTDIV will be 0 if MODCKJ[1:3] = 000.

Figure 8-16. System Clock and Reset Control Register (SCCR)

NOTE

COM[1] bit default value is dermined during by BDRV reset
configuration bit; Se&ection 7.5.2, “Hard Reset Configuration Word

(RCW).”

Table 8-9. SCCR Bit Descriptions

Bits

Name

Description

DBCT

Disable backup clock for timers. The DBCT bit controls the timers clock source while the

chip is in limp mode. If DBCT is set, the timers clock (TMBLCK, PITRCLK) source will not

be the backup clock, even if the system clock source is the backup clock ring oscillator. The

real-time clock source will be EXTAL or EXTCLK according to RTSEL bit (see description

in bit 11 below), and the time base clocks source will be determined according to TBS bit

and MODCK1.

0 If the chip is in limp mode, the timer clock source is the backup (limp) clock

1 The timer clock source is either the external clock or the crystal (depending on the current
clock mode selected)

1:2

COM

Clock Output Mode — The COM and CQDS bits control the output buffer strength of the
CLKOUT and external bus pins. When both COM bits are set the CLKOUT pin is held in
the high (1) state and external bus pins are driven at reduced drive. These bits can be
dynamically changed without generating spikes on the CLKOUT and external bus pins. If
CLKOUT pin is not connected to external circuits, set both bits (disabling CLKOUT) to
minimize noise and power dissipation. The default value for COM[1] is determined by the
BDRYV bit in the reset configuration word. See Table 7-5. For CLKOUT control see

Table 8-10.
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Table 8-9. SCCR Bit Descriptions (continued)

Bits Name Description
3 DCSLR Disable clock switching at loss of lock during reset. When DCSLR is clear and limp mode
is enabled, the chip will switch automatically to the backup clock if the PLL losses lock
during HRESET. When DCSLR is asserted, a PLL loss-of-lock event does not cause clock
switching. If HRESET is asserted and DCSLR is set, the chip will not negate HRESET until
the PLL acquires lock.
0 Enable clock switching if the PLL loses lock during reset
1 Disable clock switching if the PLL loses lock during reset
4 MFPDL MF and pre-divider lock. Setting this control bit disables writes to the MF and DIVF bits.
This helps prevent runaway software from changing the VCO frequency and causing the
SPLL to lose lock. In addition, to protect against hardware interference, a hardware reset
will be asserted if these fields are changed while LPML is asserted. This bit is writable once
after power-on reset.
0 MF and DIVF fields are writable
1 MF and DIVF fields are locked
5 LPML LPM lock. Setting this control bit disables writes to the LPM and CSRC control bits. In
addition, for added protection, a hardware reset is asserted if any mode is entered other
than normal-high mode. This protects against runaway software causing the MCU to enter
low-power modes. (The MSR[POW] bit provides additional protection). LPML is writable
once after power-on reset.)
0 LPM and CSRC bits are writable
1 LPM and CSRC bits are locked and hard reset will occur if the MCU is not in normal-high
mode
6 TBS Time base source.
0 Source is OSCCLK divided by either 4 or 16
1 Source is system clock divided by 16
7 RTDIV RTC (and PIT) clock divider. At power-on reset this bit is cleared if MODCK]J1:3] are all low;
otherwise the bit is set.
0 RTC and PIT clock divided by 4
1 RTC and PIT clock divided by 256
8 STBUC Switch to backup clock control. When software sets this bit, the system clock is switched
to the on-chip backup clock ring oscillator, and the chip undergoes a hard reset. The
STBUC bit is ignored if LME is cleared.
0 Do not switch to the backup clock ring oscillator
1 Switch to backup clock ring oscillator
9 CQDS Clock quarter drive strength — The COM and CQDS bits control the output buffer strength
of the CLKOUT, see Table 8-10.
10 PRQEN Power management request enable
0 Remains in the lower frequency (defined by DFNL) even if the power management bit in
the MSR is reset (normal operational mode) or if there is a pending interrupt from the
interrupt controller
1 Switches to high frequency (defined by DFNH) when the power management bit in the
MSR is reset (normal operational mode) or there is a pending interrupt from the interrupt
controller
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Table 8-9. SCCR Bit Descriptions (continued)

Bits Name Description

11 RTSEL RTC circuit input source select. At power-on reset RTSEL receives the value of the
MODCK1 signal. Refer to Table 8-1. Note that if the chip is operating in limp mode (BUCS
=0), the RTSEL bit is ignored, and the backup clock is the clock source for the RT and PIT
clocks

0 OSCM clock is selected as input to RTC and PIT

1 EXTCLK clock is selected as the RTC and PIT clock source

12 BUCS Backup clock status. This status bit indicates the current system clock source. When loss
of clock is detected and the LME bit is set, the clock source is the backup clock and this bit
is set. When the STBUC bit and LME bit are set, the system switches to the backup clock
and BUCS is set.

0 System clock is not the backup clock

1 System clock is the backup clock

13:14 EBDF[0:1] |External bus division factor. These bits define the frequency division factor between

(GCLK1 and GCLK2) and (GCLK1_50 and GCLK2_50). CLKOUT is similar to GCLK2_50.

The GCLK2_50 and GCKL1_50 are used by the external bus interface and controller in

order to interface to the external system. The EBDF bits are initialized during hard reset

using the hard reset configuration mechanism.

00 CLKOUT is GCKL2 divided by 1

01 CLKOUT is GCKL2 divided by 2

1x Reserved

Note: If EBDF > 0, an external burst access with short setup timing will corrupt any USIU
register load/store. Refer to Section 10.2.6, “Reduced Data Setup Time."

15 LME Limp mode enable. When LME is set, the loss-of-clock monitor is enabled and any
detection of loss of clock will switch the system clock automatically to backup clock. It is
also possible to switch to the backup clock by setting the STBUC bit.

If LME is cleared, the option of using limp mode is disabled. The loss of clock detector is
not active, and any write to STBUC is ignored.

The LME bit is writable once, by software, after power-on reset, when the system clock is
not backup clock (BUCS = 0).

During power-on reset, the value of LME is determined by the MODCK][1:3] bits. (Refer to
Table 8-1.)

0 Limp mode disabled

1 Limp mode enabled

16:17 EECLK][0:1] |Enable engineering clock. This field controls the output buffer voltage of the ENGCLK pin.
When both bits are set the ENGCLK pin is held in the high state. These bits can be
dynamically changed without generating spikes on the ENGCLK pin. If ENGCLK is not
connected to external circuits, set both bits (disabling ENGCLK) to minimize noise and
power dissipation. For measurement purposes the backup clock (BUCLK) can be driven
externally on the ENGCLK pin.

00 Engineering clock enabled, 2.6 V output buffer

01 Engineering clock enabled (slew rate controlled), 5 V output buffer

10 BUCLK is the output on the ENGCLK 2.6 V output buffer

11 Engineering clock disabled

18:23 | ENGDIV[0:5] | Engineering clock division factor. These bits define the frequency division factor between
VCO/2 and ENGCLK. Division factor can be from 1 (ENGDIV = 000000) to 64 (ENGDIV =
111111). These bits can be read and written at any time. They are not affected by hard
reset but are cleared during power-on reset.

NOTE: If the engineering clock division factor is not a power of two, synchronization
between the system and ENGCLK is not guaranteed.
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Table 8-9. SCCR Bit Descriptions (continued)

Bits Name Description

24 — Reserved

25:27 DFNL[0:2] |Division factor low frequency. The user can load these bits with the desired divide value
and the CSRC bhit to change the frequency. Changing the value of these bits does not result
in a loss of lock condition. These bits are cleared by power-on or hard reset. Refer to
Section 8.5.1, “General System Clocks” and Figure 8-5 for details on using these bits.
000 Divide by 2

001 Divide by 4

010 Divide by 8

011 Divide by 16

100 Divide by 32

101 Divide by 64

110 Reserved

111 Divide by 256

28 — Reserved

29:31 DFNH Division factor high frequency. These bits determine the general system clock frequency
during normal mode. Changing the value of these bits does not result in a loss of lock
condition. These bits are cleared by power-on or hard reset. The user can load these bits
at any time to change the general system clock rate. Note that the GCLKs generated by
this division factor are not 50% duty cycle (i.e. CLKOUT).

000 Divide by 1

001 Divide by 2

010 Divide by 4

011 Divide by 8

100 Divide by 16

101 Divide by 32

110 Divide by 64

111 Reserved

Table 8-10. COM and CQDS Bits Functionality

COM[0:1] CQDs Function

00 X Clock Output Enabled Full-Strength Output Buffer, Bus pins full
drive

01 0 Clock Output Enabled Half-Strength Output Buffer, Bus pins
reduced drive

01 1 Clock Output Enabled Quarter-Strength Output Buffer, Bus pins
reduced drive

10 X Clock Output Disabled, Bus pins full drive

11 X Clock Output Disabled, Bus pins reduced drive

8.11.2 PLL, Low-Power, and Reset-Control Register (PLPRCR)

The PLL, low-power, and reset-cooitregister (PLPRCR) is a 32-bitgister powered by the keep-alive
power supply.
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Field
PORESET
HRESET
Addr

Field
PORESET
HRESET

MSB

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

MF — |LOCS |[LOCSS| SPLS

0000_0000_0000 or 0000_0000_1000 0000

Unaffected

Ox2F C284

16

LSB

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

SPLSS|TEXPS|TEXP_INV|TMIST| —

CSRC| LPM |CSR|LOLRE| — DIVF

0

00_0000_0000_0000

U

U 0 U 000 Unaffected | — Unaffected

Figure 8-17. PLL, Low-Power, and Reset-Control Register (PLPRCR)

Table 8-11. PLPRCR Bit Descriptions

Bits

Name

Description

0:11

MF

Multiplication factor bits. The output of the VCO is divided to generate the feedback signal to
the phase comparator. The MF bits control the value of the divider in the SPLL feedback loop.
The phase comparator determines the phase shift between the feedback signal and the
reference clock. This difference results in either an increase or decrease in the VCO output
frequency.

The MF bits can be read and written at any time. However, this field can be write-protected
by setting the MF and pre-divider lock (MFPDL) bit in the SCCR. Changing the MF bits
causes the SPLL to lose lock. Also, the MF field should not be modified when entering or
exiting from low power mode (LPM change), or when back-up clock is active.

The normal reset value for the DFNH bits is zero (divide by 1). When the PLL is operating in
one-to-one mode, the multiplication factor is set to x1 (MF = 0).

12

Reserved

13

LOCS

Loss of clock status. When the oscillator or external clock source is not at the minimum
frequency, the loss-of-clock circuit asserts the LOCS bit. This bit is cleared when the
oscillator or external clock source is functioning normally. This bit is reset only on power-on
reset. Writes to this bit have no effect.

0 No loss of oscillator is currently detected

1 Loss of oscillator is currently detected

14

LOCSS

Loss of clock sticky. If, after negation of PORESET, the loss-of-clock circuit detects that the
oscillator or external clock source is not at a minimum frequency, the LOCSS bit is set.
LOCSS remains set until software clears it by writing a one to it. A write of zero has no effect
on this bit. The reset value is determined during hard reset. The STBUC bit will be set
provided the PLL lock condition is not met when HRESET is asserted, and cleared if the PLL
is locked when HRESET is asserted.

0 No loss of oscillator has been detected

1 Loss of oscillator has been detected

15

SPLS

System PLL lock status bit
0 SPLL is currently not locked
1 SPLL is currently locked
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Table 8-11. PLPRCR Bit Descriptions (continued)

Bits

Name

Description

16

SPLSS

SPLL lock status sticky bit. An out-of-lock sets the SPLSS bit. The bit remains set until
software clears it by writing a one to it. A write of zero has no effect on this bit. The bit is
cleared at power-on reset. This bit is not affected due to a software initiated loss-of-lock (MF
change and entering deep-sleep or power-down mode). The SPLSS bit is not affected by
hard reset.

0 SPLL has remained in lock

1 SPLL has gone out of lock at least once (not due to software-initiated loss of lock)

17

TEXPS

Timer expired status bit. This bit controls whether the chip negates the TEXP pin in

deep-sleep mode, thus enabling external circuitry to switch off the VDD (power-down mode).

When LPM =11, CSRC =0, and TEXPS is high, the TEXP pin remains asserted. When LPM

=11, CSRC =0, and TEXPS is low, the TEXPS pin is negated.

To enable automatic wake-up TEXPS is asserted when one of the following occurs:

* The PIT is expired

* The real-time clock alarm is set

* The time base clock alarm is set

» The decrementer exception occurs

» The bit remains set until software clears it by writing a one to it. A write of zero has no
effect on this bit. TEXPS is set by power-on or hard reset.

0 TEXP is negated in deep-sleep mode

1 TEXP pin remains asserted always

18

TEXP_INVP

Timer Expired Pin Inversed Polarity — The TEX_INVP bit controls whether the polarity of the
TEXP pin will be active high (normal default) or active low.

0 The TEXP pin is active high

1 The TEXP pin is active low

19

TMIST

Timers interrupt status. TMIST is set when an interrupt from the RTC, PIT, TB or DEC occurs.
The TMIST bit is cleared by writing a one to it. Writing a zero has no effect on this bit. The

system clock frequency remains at its high frequency value (defined by DFNH) if the TMIST
bitis set, even if the CSRC bit in the PLPRCR is set (DFNL enabled) and conditions to switch
to normal-low mode do not exist. This bit is cleared during power-on or hard reset.

0 No timer expired event was detected

1 A timer expire event was detected

20

Reserved

21

CSRC

Clock source. This bit is cleared at hard reset.
0 General system clock is determined by the DFNH value
1 General system clock is determined by the DFNL value

22:23

LPM

Low-power mode select. These bits are encoded to provide one normal operating mode and
four low-power modes. In normal and doze modes, the system can be in high state
(frequency determined by the DFNH bits) or low state (frequency defined by the DFNL bits).
The LPM field can be write-protected by setting the LPM and CSRC lock (LPML) bit in the
SCCR Refer to Table 8-4 and Table 8-5.

24

CSR

Checkstop reset enable. If this bit is set, then an automatic reset is generated when the
RCPU signals that it has entered checkstop mode, unless debug mode was enabled at reset.
If the bit is clear and debug mode is not enabled, then the USIU will not do anything upon
receiving the checkstop signal from the RCPU. If debug mode is enabled, then the part
enters debug mode upon entering checkstop mode. In this case, the RCPU will not assert
the checkstop signal to the reset circuitry. This bit is writable once after soft reset.

0 No reset will occur when checkstop is asserted

1 Reset will occur when checkstop is asserted
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Table 8-11. PLPRCR Bit Descriptions (continued)

Bits Name Description

25 LOLRE Loss of lock reset enable

0 Loss of lock does not cause HRESET assertion

1 Loss of lock causes HRESET assertion

Note: if limp mode is enabled, use the COLIR feature instead of setting the LOLRE bit. See
Section 8.11.3, “Change of Lock Interrupt Register (COLIR).”

26 — Reserved

27:31 DIVF The DIVF bits control the value of the pre-divider in the SPLL circuit. The DIVF bits can be
read and written at any time. However, the DIVF field can be write-protected by setting the
MF and pre-divider lock (MFPDL) bit in the SCCR. Changing the DIVF bits causes the SPLL
to lose lock.

8.11.3 Change of Lock Interrupt Register (COLIR)

The COLIR is 16-bit read/write registéircontrols the change of loakterrupt generatiorand is used for
reporting a loss of lock interrupt saer. It contains the interrupt requéstel and the interrupt status bit.
This register is readable and wrikalat any time. A status bit iseared by writing a one (writing a zero
does not affect a status bit'slwa). The COLIR is mapped intodtMPC561/MPC563 USIU register map.

MSB LSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field COLIRQ COLIS| — |COLIE —
SRESET 0000_0000_00 Unaffected
Addr 0x2F C28C

Figure 8-18. Change of Lock Interrupt Register (COLIR)

Table 8-12. COLIR Bit Descriptions

Bits Name Description

0:7 COLIRQ Change of lock interrupt request level. These bits determine the interrupt priority level of the
change of lock. To specify a certain level, the appropriate one of these bits should be set.

8 COoLIS If set (1), the bit indicates that a change in the PLL lock status was detected. The PLL was
locked and lost lock, or the PLL was unlocked and got locked. The bit should be cleared by
writing a one.

9 — Reserved

10 COLIE Change of Lock Interrupt enable. If COLIE bit is asserted, an interrupt will be generated
when the COLIS bit is asserted.

0 Change of lock Interrupt disable

1 Change of lock Interrupt enable

11:15 — Reserved
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8.11.4 IRAMSTBY Control Register (VSRMCR)

This register containgatrol bits for enabling atisabling the IRAMSTBY suppldetection circuit. There
are also four bits that indicateetifailure detection. All four bits ka the same function and are required
to improve the detection pability in extreme cases.

MSB LSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| — LVSRS VSRDE! |LVDRS | ZOREG —
PORESET Unaffected 0 U 0_0000_0000
Addr 0x2F C290

U = Unaffected by reset

Figure 8-19. IRAMSTBY Control Register (VSRMCR)
L This bit is reserved on mask sets which implement bit 7 (ZOREG)

Table 8-13. VSRMCR Bit Descriptions

Bits Name Description
0 — Reserved
1:4 LVSRS Loss of IRAMSTBY sticky. These status bits indicate whether a IRAMSTBY supply failure

occurred. In addition, when the power is turned on for the first time, IRAMSTBY rises and
these bits are set. The LVSRS bits are cleared by writing them to ones. A write of zero has
no effect on these bits.

0 No IRAMSTBY supply failure was detected

1 IRAMSTBY supply failure was detected

5 VSRDE! IRAMSTBY detector disable.
0 IRAMSTBY detection circuit is enabled
1 IRAMSTBY detection circuit is disabled

6 LVDRS Loss of IRAMSTBY for DECRAM Sticky — The status bit, dedicated especially for the BBC
DECRAM, which indicates if there was IRAMSTBY supply failure. When the power is turned
on for the first time, IRAMSTBY rises also and the bits will be asserted. The LVDECRAM bit
can be cleared by writing ones to LVDECRAM. A write of zero has no effect on this bit. The
bit may be used by application software, to decide if there is need to load decompression
vocabularies during reset routine.

0 IRAMSTBY supply failure was not detected

1 IRAMSTBY supply failure was detected

NOTE: The LVDRS bit is provided as a convenience for indicating that the DECRAM has lost
power. It requires that the IRAMSTBY pins are connected to the same power supply. It
actually only monitors the IRAMSTBY supply.

This bit indicates the status of the internal IRAMSTBY supply. This bit is cleared by writing
altoit.

7 ZOREG? |0 Internal IRAMSTBY zener regulator has not gone out of regulation
1 Internal IRAMSTBY zener regulator has gone out of regulation.
Note: =25(* PD\ JHWD/GIYHUQYHQW A <LLY5Q®RON V XSBW LOIBEE/lYW

8:15 — Reserved

1 Removed on all parts that have the ZOREG bit.
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2 ZOREG is not in Rev 0 of the MPC561 but is in all later revisions. It is not in Rev 0 or 0A of the MPC563, but is in Rev
A and later revisions.
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Chapter 9
External Bus Interface

The MPC561/MPC563 external bus is a synchronoustable bus. Signals driven on this bus must
adhere to the setup and hold timkatige to the bus clock’s rising edgehe bus has theility to support
multiple masters. The MPC561/MPE&X%external bus interface architieie supports byte, half-word, and
word operands allowing access to B5-, and 32-bit data ports throutiie use of synchronous cycles
controlled by the size outputs (TSIZ0, TSIZ1). Bocesses to 16- and 8-bit ports, the slave must be
controlled by the memory controlléfror more information, refer #@ppendix F, “Electrical
Characteristics

9.1 Features

The external bus interface features are listed below:
» 32-bit address bus with transfer simdication (only 24 available on pins)
» 32-bit data bus
» Bus arbitration logic on-chipith external master support

» Chip-select and wait state geaton to support peripheral oasic memory devices through the
memory controller

e Supports various memory (SRAM, EEPROMpés: synchronous amynchronous, burstable
and non-burstable

» Supports non-wrap bursts with up to four data beats

* Flash ROM programming support

* Implements the PowerPC ISAarchitecture

» Easy to interface to slave devices

» Bus is synchronous (all signals arérenced to rising edge of bus clock)

* Bus can operate at the samegnency as the intethRCPU core of MPB61/MPC563 or half the
frequency.

9.2  Bus Transfer Signals

The bus transfers information beten the MPC561/MPC563 and extenm&mory of a peripheral device.
External devices can accept or paw/iB, 16, and 32 data bits in pagiind must follow the handshake
protocol described in this section. The maximum nurobbits accepted or praded during a bus transfer
is defined as the port width.

The MPC561/MPC563 has non-multiplexed addresisdata buses. Contrsignals indicate the
beginning and type of the cycle,&sll as the address space and size of the transfer. The selected device
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then controls the length of the cyelith the signal(s) use terminate the cycle. A strobe signal for the
address lines indicatesetivalidity of the address.

The MPC561/MPC563 bus is synchrosauth a synchronous support. Tings and control input signals
must be timed to setup and hold temelative to the rising edge oftlslock. Bus cycles can be completed
in two clock cycles.

For all inputs, the MPC561/MPC563 latches the llef¢he input during @ample window around the
rising edge of the clock signdthis window is illustrated ifrigure 9-1 where §,and t,, are the input
setup and hold times, respectively. To ensure theipan signal is recognized @nspecific rising edge of
the clock, that input must be stable during the@a window. If an input mees a transition during the
window time period, the level recognized by theGHB1/MPC563 is not predictable; however, the
MPC561/MPC563 always resolves taiched level to either a logiggh or low before using it. In
addition to meeting input setup ahnold times for deterministic operati, all input signals must obey the
protocols described in this section.

thg ——» I
tgy ——» <
Clock A
Signal
Sample
Window

Figure 9-1. Input Sample Window

9.3  Bus Control Signals

The MPC561/MPC563 initiates a bus cycle by driving @kldress, size, address type, cycle type, and
read/write outputs. At the beginninfia bus cycle, TSIZ[0:1] are dewn with the address type signals.
TSIZ0 and TSIZ1 indicate the numbe#rbytes remaining to be traferred during an operand cycle
(consisting of one or more bus cycles). These signalgadid at the rising edge of the clock in which the
transfer star(TS) signal is asserted.

The read/write (RD/WRsignal determines the direction of thartsfer during a bus cycle. Driven at the
beginning of a bus cycle, RD/WRvalid at the rising edgef the clock in which T$ asserted. The logic

level of RD/WRonly changes when a write cgdb preceded by a read cyolevice versa. The signal may
remain low for consecutive write cycles.
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ADDRJ[8:31] —
24 |« >
RD/WR
1 |« »
BURST
1l |« >
> le TSIZ[0:1] > Address
AT[0:3] | and
4 |« > Transfer
1 L PTR Attributes
1 |< BDIP >
1 | TS N Transfer
b '_ Start
Bus _
Interface 1, RSV R
1 < KR | Reservation
1 |« CR Protocol
DATA[0:31] —
32 |« > | Data
1 le BI/STS N
b — " Transfer
1 |« A > — Cycle
1 | TEA o Termination
1 |« BR >
1 |« BG > Arbitration
1 |« BB >
1 le RETRY >

Figure 9-2. MPC561/MPC563 Bus Signals

9.4  Bus Interface Signal Descriptions

Table 9-1describes each signal in the limirface unit. Moraletailed descriptions can be found in
subsequent subsections. The busede@seribed in big endian manner, which means that bit O is the most
significant bit in a bus (MSB), andtl81 is the least significant bit (LSB).
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Table 9-1. MPC561/MPC563 BIU Signals

Signal Name

Pins

Active

110

Description

Address and Transfer Attributes

ADDR[8:31]

Address bus

24
[8:31]

High

o

Specifies the physical address of the bus transaction.

Driven by an external bus master when it owns the
external bus. An input for testing purposes only.

RD/WR

Read/write

High

Driven by the MPC561/MPC563 along with the
address when it owns the external bus. Driven high
indicates that a read access is in progress. Driven low
indicates that a write access is in progress.

Driven by an external master when it owns the
external bus. Driven high indicates that a read access
is in progress. Driven low indicates that a write access
is in progress.

BURST

Burst transfer

Low

Driven by the MPC561/MPC563 along with the
address when it owns the external bus. Driven low
indicates that a burst transfer is in progress. Driven
high indicates that the current transfer is not a burst.

Driven by an external master when it owns the
external bus. Driven low indicates that a burst transfer
is in progress. Driven high indicates that the current
transfer is not a burst. The MPC561/MPC563 does
not support burst accesses to internal slaves.

TSIZ[0:1]

Transfer size

High

Driven by the MPC561/MPC563 along with the
address when it owns the external bus. Specifies the
data transfer size for the transaction.

Driven by an external master when it owns the
external bus. Specifies the data transfer size for the
transaction.

AT[0:3]

Address type

High

Driven by the MPC561/MPC563 along with the
address when it owns the external bus. Indicates
additional type on the current transaction.

Only for testing purposes.

RSV

Reservation transfer

Low

Driven by the MPC561/MPC563 along with the
address when it owns the external bus. Indicates
additional information about the address on the
current transaction.

Only for testing purposes.

PTR

Program trace

High

Driven by the MPC561/MPC563 along with the
address when it owns the external bus. Indicates
additional information about the address on the
current transaction.

Only for testing purposes.
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Table 9-1.

External Bus Interface

MPC561/MPC563 BIU Signals (continued)

Signal Name

Pins

Active

I/0

Description

Burst data in progress

Low

o

Driven by the MPC561/MPC563 when it owns the
external bus. It is part of the burst protocol. When
BDIP is asserted, the second beat in front of the
current one is requested by the master. This signal is
negated prior to the end of a burst to terminate the
burst data phase early.

Driven by an external master when it owns the
external bus. When BDIP is asserted, the second beat
in front of the current one is requested by the master.
This signal is negated prior to the end of a burst to
terminate the burst data phase early. The
MPC561/MPC563 does not support burst accesses to
internal slaves.

Transfer Start

Transfer start

Low

@)

Driven by the MPC561/MPC563 when it owns the
external bus. Indicates the start of a transaction on the
external bus.

Driven by an external master when it owns the
external bus. It indicates the start of a transaction on
the external bus or (in show cycle mode) signals the
beginning of an internal transaction.

Reservation Protocol

Cancel reservation

Low

Each MPC500 CPU has its own CR signal. Assertion
of CR instructs the bus master to clear its reservation;
some other master has touched its reserved space.
This is a pulsed signal.

KR

Kill reservation

Low

In case of a bus cycle initiated by a STWCX
instruction issued by the RCPU to a non-local bus on
which the storage reservation has been lost, this
signal is used by the non-local bus interface to
back-off the cycle. Refer to Section 9.5.10, “Storage
Reservation” for details.
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Table 9-1. MPC561/MPC563 BIU Signals (continued)

Signal Name Pins Active I/0 Description

Data

The data bus has the following byte lane assignments:
Data Byte Byte Lane

DATA[0:7] 0
DATA[8:15] 1
DATA[16:23] 2
DATA[24:31] 3

Driven by the MPC561/MPC563 when it owns the
external bus and it initiated a write transaction to a
(@) slave device. For single beat transactions, the byte
DATA[0:31] 32 High lanes not selected for the transfer by ADDR[30:31]
and TSIZ[0:1] do not supply valid data.

Data bus
In addition, the MPC561/MPC563 drives the
DATA[0:31] when an external master owns the
external bus and initiated a read transaction to an
internal slave module.

| Driven by the slave in a read transaction. For single
beat transactions, the MPC561/MPC563 does not
sample byte lanes that are not selected for the transfer
by ADDR[30:31] and TSIZ[0:1].

In addition, an external master that owns the bus and
initiated a write transaction to an internal slave module
drives DATA[0:31].

Transfer Cycle Termination

Driven by the slave device to which the current
transaction was addressed. Indicates that the slave

| has received the data on the write cycle or returned
data on the read cycle. If the transaction is a burst, TA
TA 1 Low should be asserted for each one of the transaction
beats.

Transfer acknowledge Driven by the MPC561/MPC563 when the slave

O device is controlled by the on-chip memory controller
or when an external master initiated a transaction to
an internal slave module.

Driven by the slave device to which the current
| transaction was addressed. Indicates that an error
TEA 1 Low condition has occurred during the bus cycle.

Driven by the MPC561/MPC563 when the internal
bus monitor detected an erroneous bus condition, or
when an external master initiated a transaction to an
internal slave module and an internal error was
detected.

Transfer error
acknowledge o
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Table 9-1. MPC561/MPC563 BIU Signals (continued)

Signal Name Pins Active I/0 Description

Burst Inhibit: Driven by the slave device to which the
| current transaction was addressed. Indicates that the
current slave does not support burst mode.

Burst Inhibit: Driven by the MPC561/MPC563 when
the slave device is controlled by the on-chip Memory
Controller. The MPC561/MPC563 also asserts Bl for
any external master burst access to internal

0] MPC561/MPC563 memory space.

Burst inhibit/ Special Transfer Start: Driven by the
Special Transfer Start MPC561/MPC563 when it owns the external bus.
Indicates the start of a transaction on the external bus
or signals the beginning of an internal transaction in
show cycle mode.

BI/STS 1 Low

Arbitration

I | When the internal arbiter is enabled, BR assertion
BR 1 Low indicates that an external master is requesting the
bus.

O Driven by the MPC561/MPC563 when the internal
arbiter is disabled and the chip is not parked.

Bus request

When the internal arbiter is enabled, the

MPC561/MPC563 asserts this signal to indicate that
O an external master may assume ownership of the bus
and begin a bus transaction. The BG signal should be

BG 1 Low qualified by the master requesting the bus in order to
ensure it is the bus owner:
Bus grant Qualified bus grant = BG & ~ BB

When the internal arbiter is disabled, BG is sampled
| and properly qualified by the MPC561/MPC563 when
an external bus transaction is to be executed by the
chip.

When the internal arbiter is enabled, the
MPC561/MPC563 asserts this signal to indicate that it
is the current owner of the bus.

O | When the internal arbiter is disabled, the
MPC561/MPC563 asserts this signal after the
external arbiter has granted the ownership of the bus
BB 1 Low to the chip and it is ready to start the transaction.

When the internal arbiter is enabled, the
MPC561/MPC563 samples this signal to get

| indication of when the external master ended its bus
tenure (BB negated).

When the internal arbiter is disabled, the BB is
sampled to properly qualify the BG line when an
external bus transaction is to be executed by the chip.

Bus busy
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Table 9-1. MPC561/MPC563 BIU Signals (continued)

Signal Name Pins Active I/0 Description

In the case of regular transaction, this signal is driven
by the slave device to indicate that the
MPC561/MPC563 must relinquish the ownership of
the bus and retry the cycle.

RETRY 1 Low When an external master owns the bus and the

(0] internal MPC561/MPC563 bus initiates access to the
external bus at the same time, this signal is used to
cause the external master to relinquish the bus for one
clock to solve the contention.

Retry

9.5 Bus Operations

This section provides a functional deption of the system bus, thegsials that control it, and the bus
cycles provided for dataansfer operations. It alsiescribes the error conditigrimus arbitration, and reset
operation.

The MPC561/MPC563 generates a system clock o¢GuKOUT). This output sets the frequency of
operation for the bus interface eltly. Internally, the MPC561/MP863 uses a phase-lock loop (PLL)
circuit to generate a master clock for all of MEC561/MPC563 circuitry (iHading the bus interface)
which is phase-locked toehCLKOUT output signal.

All signals for the MPC561/MPC563 bus interface arecgped with respect to the rising edge of the
external CLKOUT and are guaranteed to be sampléapass or changed as outputs with respect to that
edge. Since the same clock edge is referencedifanglor sampling the busgmals, the possibility of
clock skew could exist between vaurs modules in a system due ¢oiting or the use of multiple clock
lines. It is the responsibility of the systemhtandle any such clock skew problems that could occur.

95.1 Basic Transfer Protocol

The basic transfer protocol dedis the sequence of actions that must occur on the MPC561/MPC563 bus
to perform a complete bus transacti8rsimplified scheme of the basiatrsfer protocol is illustrated in
Figure 9-3

Arbitration Address Transfer Data Transfer Termination

Figure 9-3. Basic Transfer Protocol

The basic transfer protocol providies an arbitration phase and attdeess and data transfer phase. The
address phase specifies the address for the trasaaiti the transfer attributes that describe the
transaction. The data phase perfornesttinsfer of datéf any is to be transtred). The data phase may
transfer a single beat oft@dgfour bytes or k&s) for nonburst operations, a 4-beatst of data (4 x 4 bytes),
an 8-beat burst of data (8xbytes) or a 16-beat buist data (16 x 1 bytes).

MPC561/MPC563 Reference Manual, Rev. 1.2
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9.5.2 Single Beat Transfer

During the data transfer phase, théada transferred from master tagé (in write cycles) or from slave
to master (on read cycles).

During a write cycle, the mastdrives the data as soon as it canniever earlier thatihe cycle following
the address transfer phase. The mdsisito take into consideratioretfone dead clock cycle” switching
between drivers to avoid electricntentions. The master can stop driving the data bus as soon as it
samples the TAine asserted on the rising edge of the CLKOUT.

During a read cycle, the master accepts the datadmients as valid at the rising edge of the CLKOUT
in which the TAsignal is sampled/asserted.

9.5.2.1 Single Beat Read Flow

The basic read cycle begins with karbitration, followed by the addresansfer, then the data transfer.
The handshakes illustrated in thdwing flow and timing figuresKigure 9-4 Figure 9-5 and
Figure 9-§ are applicable to thexied transaction protocol.

Master Slave

|

1. Request bus (BR)

2. Receive bus grant (BG) from arbiter

3. Assert bus busy (BB) if no other master is driving bus
4. Assert transfer start (TS)

5. Drive address and attributes

1. Receive address
2. Return data
3. Assert transfer acknowledge (TA)

Figure 9-4. Basic Flow Diagram of a Single Beat Read Cycle

MPC561/MPC563 Reference Manual, Rev. 1.2
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CLKOUT

grant and bus busy negated

Assert BB, drive address and assert TS

-

ADDRI[8:31]

TSIZ[0:1]

BURST, BDIP

Data

A4

\\’ Data is valid

Figure 9-5. Single Beat Read Cycle — Basic Timing — Zero Wait States
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CLKOUT
BR : : / : :
BG : \ / Receive bus.grant and bus busy negated

&

ADDR[8:31] >< /

assert BB, drive address and assert.TS

e
/

L X
- ik \
- —
o] -
TS \ \ /

¢

-

I

Data is valid

Figure 9-6. Single Beat Read Cycle — Basic Timing — One Wait State

9.5.2.2 Single Beat Write Flow

The basic write cycle begimath a bus arbitration, fadwed by the address transfénren the data transfer.
The handshakes are illustrated ie fbllowing flow and timing diagmas as applicable to the fixed
transaction protocol.
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Master

1. Request bus (BR)

2. Receive bus grant (BG) from arbiter

3. Assert bus busy (BB) if no other master is driving bus
4. Assert transfer start (TS)

5. Drive address and attributes

Slave

1. Drive data

1. Assert transfer acknowledge (TA)

1. Interrupt data driving

Figure 9-7. Basic Flow Diagram of a Single Beat Write Cycle
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CLKOUT

BG \ /v Receive busi grant and bus busy negated

&

A4

\Assert BB, drive éddress and assert: TS

ADDRI[8:31]

RD/WR

TSIZ[0:1]

BURST, BDIP'

o=y
T A Y
S

Figure 9-8. Single Beat Basic Write Cycle Timing — Zero Wait States

Data is sampled by slave
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CLKOUT
BR | | / | | | |
BG \ ﬁ/v Receive busigrant and bus bus:y negated

Assert BB, drive a:ddress and assert: TS

- 4

ADDR([8:31]

RD/WR

TSIZ[0:1]

BURST, BDIP'

TS

x

/

o
RV .
-

S s Ry e R/

Data is sampled

Figure 9-9. Single Beat Basic Write Cycle Timing — One Wait State

9.5.2.3 Single Beat Flow with Small Port Size

The general case of single beansfers assumes that the external memory has a 32-bit port size. The
MPC561/MPC563 provides an effective mechanismriterfacing with 16-bit and 8-bit port size
memories, allowing transfers to tleedevices when they are controll®dthe internal memory controller.

In this case, the MPC561/MPC563 attéso initiate a transfer asihe normal case. If the bus interface
receives a small port siz&g or 8 bits) indication before the trams&cknowledge to the first beat (through
the internal memory controller), the MCU initiategsgssive transactions untietkompletion of the data
transfer. Note that all the transactiomisiated to complete the data tragsére considered to be part of an
atomic transaction, so the MCU does not allow otlmeelated master accessedus arbitration to
intervene between the transfers.nyaf the transactions except theffissre-tried during an access to a
small port, then a machine-checlkcegtion is generated to the RCPU.
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CLKOUT

ADDRJ[0:1] . ADDR : >< . ADDR + 2

RD/WR

TSIZ[0:1]

I =

BURST, BDIP

k><)><)\\7

Datal 5 >< ABCDEFGH >< >< EFGHEFGH ><7:
= W W T

1. For an illustration of device connections on the data bus, see Figure 9-23.
Figure 9-10. Single Beat 32-Bit Data Write Cycle Timing — 16-Bit Port Size

9.5.3 Data Bus Pre-Discharge Mode

Pre-discharge mode is provided &pplications that use 3.3-VXb-external memories while the
MPC561/MPC563 data bus pads arémjzed to 2.6-V memories, androzot tolerate more than 3.1 V.
When connecting 3.3-V devices to the E-bus, andpaihg read and write operations, this mode