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About This Book

This manual describes the capabilities, operation, and function of the Freescale MPC565/MPC566
microcontrollers. The documentation follows the modular construction of the devices in the MPC500
family product line. Each microcontroller in the MPC500 family has a comprehensive reference manual
that provides sufficient information for normal operation of the device. The reference manual is
supplemented by module-specific reference manuals that provide detailed information about module
operation and applications. Where information in this manual varies from information in other references,
this manual takes precedence. Refer to Suggested Reading for further information.

Unless otherwise noted, references to the MPC565 also apply to it’s code compressed counterpart, the
MPC566. Any functional differences between the MPC565 and MPC566 are noted. MPC566-specific
information is located in Appendix A, “MPC566 Compression Features.”

Audience

This manual is intended for system software and hardware developers and applications programmers who
want to develop products for the MPC565. It is assumed that the reader understands operating systems and
microprocessor and microcontroller system design.

Organization

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

» Chapter 1, “Overview,” provides an overview of the MPC565 microcontroller, including a block
diagram showing the major modular components, a features list, and a summary of differences
between the MPC565 and the MPC555.

» Chapter 2, “Signal Descriptions,” describes the MPC565 microcontroller’s external signals.

» Chapter 3, “Central Processing Unit,” describes the RISC processor (RCPU) used in the MPC500
family of microcontrollers.

» Chapter 4, “Burst Buffer Controller 2 Module,” describes the three main functional parts: the bus
interface unit (BIU), the instruction memory protection unit (IMPU), and the instruction code
decompressor unit (ICDU).

» Chapter 5, “Unified System Interface Unit (USIU) Overview.” The unified system interface unit
(USIU) of the MPC565 consists of several functional modules that control system start-up, system
initialization and operation, system protection, and the external system bus.

» Chapter 6, “System Configuration and Protection.” The MPC565 incorporates many system
functions that normally must be provided in external circuits. In addition, it is designed to provide
maximum system safeguards against hardware and software faults. This chapter provides a
detailed explanation of this functionality.
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Chapter 7, “Reset.” This section describes the MPC565 reset sources, operation, control, and
status.

Chapter 8, “Clocks and Power Control,” describes the main timing and power control reference for
the MPC565.

Chapter 9, “External Bus Interface,” describes the functionality of the MPC565 external bus.

Chapter 10, “Memory Controller,” generates interface signals to support a glueless interface to
external memory and peripheral devices.

Chapter 11, “L-Bus to U-Bus Interface (L2U),” describes the interface between the load/store bus
(L-bus) and the unified bus (U-bus). The L2U module includes the Data Memory Protection Unit
(DMPU), which provides protection for data memory accesses.

Chapter 12, “U-Bus to IMB3 Bus Interface (UIMB).” The U-bus to IMB3 bus interface (UIMB)
structure is used to connect the CPU internal unified bus (U-bus) to the intermodule bus 3 (IMB3).
It controls bus communication between the U-bus and the IMB3.

Chapter 13, “Queued Analog-to-Digital Converter (QADC64E).” The two queued
analog-to-digital converter (QADC) modules on the MPC565 are 10-bit, unipolar, successive
approximation converters with analog multiplexers. These modules are configured so each module
can access all 40 of the part’s analog inputs.

Chapter 14, “Queued Serial Multi-Channel Module (QSMCM).” The MPC565 contains two
queued serial multi-channel modules (QSMCM A and QSMCM B) that provide three serial
communication interfaces: the queued serial peripheral interface (QSPI) and two serial
communications interfaces (SCI1 and SCI2). This chapter describes the functionality of each.

Chapter 16, “CAN 2.0B Controller Module (TOUCAN),” describes the three CAN 2.0B controller
modules (TouCAN) implemented on the MPC565. Each TouCAN is a communication controller
that implements the Controller Area Network (CAN) protocol, an asynchronous communications
protocol used in automotive and industrial control systems. It is a high speed (one Mbit/sec), short
distance, priority based protocol that can run over a variety of mediums.

Chapter 17, “Modular Input/Output Subsystem (MIOS14).” The modular 1/O system (MIQOS)
consists of a library of flexible 1/0 and timer functions including 1/0 port, counters, input capture,
output compare, pulse and period measurement, and PWM. Because the M10S14 is composed of
submodules, it is easily configurable for different kinds of applications.

Chapter 18, “Time Processor Unit 3,” describes an enhanced version of the original TPU, an
intelligent, semi-autonomous microcontroller designed for timing control.

Chapter 19, “Dual-Port TPU3 RAM (DPTRAM).” The dual-port RAM (DPTRAM) module
consists of a control register block and an 8-Kbyte array of static RAM that can be used either as
microcode storage for the TPU3 or as general-purpose memory. The MPC565 has two DPTRAM
modules, one 6K shared between 2 TPUs (TPU_A and TPU_B) and one 4K for the 3rd TPU
(TPU_C).

Chapter 20, “CDR3 Flash (UC3F) EEPROM.” The MPC565 U-bus CDR3 (UC3F) EEPROM
module is designed for use in embedded microcontroller applications targeted for high-speed read
performance and high-density byte count requirements.

Chapter 21, “CALRAM Operation.” This module provides the MPC565 with a general purpose
memory that may be read from or written to as either bytes, half-words, or words. In addition to
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this, a portion of the CALRAM, called the overlay region, can be used for calibration (i.e.,
overlaying portions of the U-bus Flash with a portion of the CALRAM array).

Chapter 22, “Development Support,” covers program flow tracking support,
breakpoint/watchpoint support, development system interface support (debug mode) and software
monitor debugger support. These features allow efficiency in debugging systems based on the
MPC565.

Chapter 23, “READI Module.” The READI module provides development support capabilities for
MCUs in single chip mode, without requiring address and data signals for internal visibility.
Chapter 24, “IEEE 1149.1-Compliant Interface (JTAG),” describes MPC565 compatibility with
the IEEE 1149.1 Standard Test Access Port and Boundary Scan Architecture as well as any
potential incompatibility issues.

Appendix A, “MPC566 Compression Features,” includes information about code compression
features of the MPC566.

Appendix B, “Internal Memory Map,” provides memory maps for the MPC565 modules.
Appendix C, “Clock and Board Guidelines.” The MPC565 built-in PLL, oscillator, and other
analog and sensitive circuits require that the board design follow special layout guidelines to ensure
proper operation of the chip clocks. This appendix describes how the clock supplies and external
components should be connected in a system.

Appendix D, “TPU3 ROM Functions,” provides a brief description of the pre-programmed
functions in the TPU3.

Appendix E, “Memory Access Timing,” lists memory access timings for internal and external
memory combinations.

Appendix F, “Electrical Characteristics,” contains detailed information on power considerations,
DC/AC electrical characteristics, and AC timing characteristics of the MPC565 at the default 40
MHz and optional 56 MHz operating frequencies.

This document also includes a register index and comprehensive index.

Suggested Reading

This section lists additional reading that provides background for the information in this manual as well as
general information about the PowerPC™ architecture. Also listed are documents that further complement
this manual by providing in-depth functional descriptions of certain modules:

QSM (Queued Serial Module) Reference Manual (QSMRM/AD)
TPU (Time Processor Unit) documentation (TPULITPAK/D, including the TPURM/AD)
RCPU (RISC Central Processor Unit) Reference Manual (RCPURM/AD)

Nexus Standard Specification Rev 1.0 (IEEE-ISTO 5001-1999) available at:
http://www.nexus5001.org/

JTAG IEEE 1149.1 Specification

The following general documentation, available through Morgan-Kaufmann Publishers, 340 Pine Street,
Sixth Floor, San Francisco, CA, provides useful information about the PowerPC architecture:
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The PowerPC Architecture: A Specification for a New Family of RISC Processors, Second Edition,
by International Business Machines, Inc.

Freescale documentation is available from the sources listed on the back cover of this manual. A brief
summary of available documentation is listed below:

Programming Environments Manual for 32-Bit Implementations of the PowerPC Architecture
(MPCFPE32B/AD)—Describes resources defined by the PowerPC architecture.

Reference manuals—These books provide details about individual implementations and are
intended for use with the Programming Environments Manual.

Addenda/errata to reference manuals—Because some processors have follow-on parts, an
addendum is provided that describes the additional features and functionality changes and are
intended for use with the corresponding reference manuals.

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

The Programmer’s Reference Guide for the PowerPC Architecture (MPCPRG/D)—This concise
reference includes the register summary, exception vectors, and the PowerPC ISA instruction set.

Application notes—These short documents address specific design issues useful to programmers
and engineers working with Freescale processors.

Additional literature is published as new processors become available. For a current list of documentation,
refer to http://www.freescale.com/powerpc.

Conventions and Nomenclature

This document uses the following notational conventions:

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

ACTIVE_HIGH Names for signals that are active high are shown in uppercase text. Signals that are
active high are referred to as asserted when they are high and negated when they
are low.

ACTIVE_LOW Names for signals that are active low are shown in uppercase text with an overbar.

Active-low signals are referred to as asserted (active) when they are low and
negated when they are high.

0x0 Prefix to denote hexadecimal number
0b0 Prefix to denote binary number
italics Italics indicate variable command parameters.
Book titles in text are also set in italics.
REG[FIELD] Abbreviations for registers are shown in uppercase. Specific bits, fields, or ranges

appear in brackets. For example, CRAMMCRIDIS] identifies the array disable bit
(DIS) within the CALRAM module configuration register.
A range of bits or signals is referred to by mnemonic and the numbers that define
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|

Logic level one
Logic level zero

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

MSB

Asserted

Negated

the range. For example, DATA[24:31] form the least significant byte of the data
bus.

In some contexts, such as signal encodings, 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 that corresponds to Boolean false (0) state.
means to establish logic level one on the bit or bits.
means to establish logic level zero on the bit or bits.
means least significant bit or bits.
means most significant bit or bits.

means that a signal is in active logic state. An active low signal changes from logic
level one to logic level zero when asserted, and an active high signal changes from
logic level zero to logic level one.

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

Notational Conventions

Table i contains notational conventions that are used in this document.

Table i. Notational Conventions

Symbol Function
+ Addition
- Subtraction (two’s complement) or negation
* Multiplication
/ Division
> Greater
< Less
= Equal
> Equal or greater
< Equal or less
# Not equal
. AND
| Inclusive OR (OR)
@ Exclusive OR (EOR)
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Table i. Notational Conventions (continued)

Symbol Function

NOT Complementation

Concatenation

? Transferred
=S Exchanges
+ Sign bit; also used to show tolerance

« Sign extension

Acronyms and Abbreviations

Table ii contains acronyms and abbreviations that 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
FPU Floating-point unit
GPR General-purpose register
IABR Instruction address breakpoint register
IEEE Institute for Electrical and Electronics Engineers
U 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
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Table ii. Acronyms and Abbreviated Terms (continued)

Term Meaning
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

TB 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

The Sematech Official Dictionary and the Reference Guide to Letter Symbols for Semiconductor Devices
by the JEDEC Council/Electronics Industries Association are recommended as references for terminology

and symbology.
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Chapter 1
Overview

This chapter provides an overview of the MPC565/MPC566 microcontrollers, including a block diagram
showing the major modular components, sections that list the major features, and differences between the
MPC565/MPC566 and the MPC555.

Unless otherwise noted, references to the MPC565 also apply to it’s code compressed counterpart, the
MPC566. Any functional differences between the MPC565 and MPC566 are noted in Appendix A,
“MPC566 Compression Features.”

1.1

Introduction

The major features of the MPC565, a member of the Freescale MPC500 RISC microcontroller family, are
as follows:

An MPC500 core with a floating point unit (FPU) and a burst buffer controller (BBC)

Unified system integration unit (USIU), a flexible memory controller, and enhanced interrupt
controller

1 Mbyte of Flash memory (UC3F)

— Typical endurance of 100,000 write/erase cycles @ 25°C

— Typical data retention of 100 years @ 25°C

36 Kbytes of static RAM (two CALRAM modules)

— 8 Kbytes of normal access or overlay access (sixteen 512-byte regions)
— 4 Kbytes in CALRAM A, 4 Kbytes in CALRAM B

Three time processor units (TPU3)

— TPU3 A and TPU3 B are connected to DPTRAM AB (6 Kbytes)

— TPU3 C is connected to DPFTRAM C (4 Kbytes)

A 22-timer channel modular 1/0 system (M10S14)

— Same as MIOSL1 plus a real-time clock sub-module (MRTCSM), 4 counter sub-modules
(MCSM), and 4 PWM sub-modules (MPWMSM)

Three TouCAN modules (TouCAN A, TouCAN B, TouCAN C)

Two enhanced queued analog to digital converters (QADC64E A, QADC64E B) with analog
multiplexers (AMUX) for 40 total analog channels. These modules are configured so each module
can access all 40 of the analog inputs to the part.

Two queued serial multi-channel modules (QSMCM A, QSMCM B), each of which contains a
queued serial peripheral interface (QSPI) and two serial controller interfaces (SCI/UART)

A J1850 (DLCMD2) communications module

MPC565 Reference Manual, REV 2.2
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1.2
Figure 1-1 is a block diagram of the MPC565.

Debug features:

— A Nexus debug port (class 3) — IEEE-ISTO 5001-1999
— JTAG and background debug mode (BDM)
— Plastic ball grid array (PBGA) packaging

— 388 ball PBGA

— 27 mm x 27 mm body size

— 1.0 mm ball pitch

40 MHz operation (56 MHz operation is optional)
-40° — 125° C ambient temperature (-40° — 85° C for suffix C devices, -55°- 125° C for suffix A

devices)
Two power supplies
— 5-VI/0(5.0£0.25V)

— 2.6 £0.1-V external bus with a 5-V tolerant 1/O system

— 2.6 £0.1-V internal logic

Block Diagram

MPC565 Reference Manual, REV 2.2
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Figure 1-1. MPC565 Block Diagram

1.3

The MPC565 key features are explained in the following sections.

Detailed Feature List

1.3.1

* Fully static design
* Four major power saving modes
— Doze, sleep, deep-sleep and power-down

High Performance CPU System

1.3.2 RISC MCU Central Processing Unit (RCPU)

» High-performance core
— PowerPC single issue integer core
— Precise exception model

MPC565 Reference Manual, REV 2.2
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1.3.3

1.3.4

1.3.5

— Floating point
— Code compression (MPC566 only)
— Compression reduces usage of internal or external Flash memory
— Compression optimized for automotive (non-cached) applications
— New compression scheme decreases code size to 40% -50% of source

MPC500 System Interface (USIU)

MPC500 system interface (USIU, BBC, L2U)

Periodic interrupt timer, bus monitor, clocks, decrementer and time base
Clock synthesizer, power management, reset controller

External bus tolerates 5-V inputs, provides 2.6-V outputs

Enhanced interrupt controller supports a separate interrupt vector for up to eight external and 40
internal interrupts

IEEE 1149.1 JTAG test access port
Bus supports multiple master designs

USIU supports dual-mapping of Flash to move part of one internal/external memory to another
external memory

External bus, supporting non-wraparound burst for instruction fetches, with up to 8 instructions per
memory cycle

Burst Buffer Controller (BBC) Module

Support for enhanced interrupt controller
Branch target buffer

Exception vector table relocation features allow exception table to be relocated to following
locations:

— 0x0000 0000 - 0x0000 1FFF (normal MPC500 exception table location)

— 0x0001 0000 - 0x0001 1FFF (0 + 64 Kbytes; second page of internal Flash)

— Second internal Flash module

— Internal SRAM

— OxOFFF_0100 (external memory space; normal MPC500 exception table location)

Flexible Memory Protection Unit

Flexible memory protection units in BBC (IMPU) and L2U (DMPU)

Default attributes available in one global entry

Attribute support for speculative accesses

Up to eight memory regions are supported, four for data and four for instructions

MPC565 Reference Manual, REV 2.2
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1.3.6 Memory Controller

» Flexible chip selects via memory controller

o 24-bit address and 32-bit data buses

* 4-to 16-Mbyte (data) or 4-Gbyte (instruction) region size support
» Four-beat transfer bursts, two-clock minimum bus transactions

» Use with SRAM, EPROM, Flash and other peripherals

» Buyte selects or write enables

» 32-bit address decodes with bit masks

» Four instruction regions

* Four data regions

1.3.7 1 Mbyte of CDR3 Flash EEPROM Memory (UC3F)

* 1 Mbyte Flash
— Two UC3F modules, 512 Kbytes each
» Page mode read
» Buyte, half-word or word programmable
» Block (64-Kbyte) erasable
» External 4.75- to 5.25-V VPP program and erase power supply
» Typical endurance of 100,000 write/erase cycles @ 25°C
» Typical data retention of 100 years @ 25°C

1.3.8  36-Kbyte Static RAM (CALRAM)

» 36-Kbyte static calibration RAM
— Composed of 4-Kbyte and 32-Kbyte CALRAM modules
» Fast access: one clock
» Keep-alive power
» Soft defect detection (SDD)
» 4 Kbyte calibration (overlay) RAM per module (8 Kbytes total)
» Eight 512-byte overlay regions per module (16 regions total)

1.3.9 General Purpose I/0 Support (GPIO)

» General-purpose 1/0 support

» Address (24) and data (32) signals can be used as GPIO in single-chip mode

e 16 GPIO in MIOS14

* Many peripheral signals can be used as GP1O when not used as primary functions
* 5-V outputs with slew rate control

MPC565 Reference Manual, REV 2.2
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1.3.10 Debug Features

» Extensive system debug support

*  On-chip watchpoints and breakpoints
* Program flow tracking

* Background debug mode (BDM)

1.3.10.1 Nexus Debug Port (Class 3)

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

» Program trace via branch trace messaging (BTM)

» Data trace via data write messaging (DWM) and data read messaging (DRM)
» Ownership trace via ownership trace messaging (OTM)

* Run-time access to on-chip memory map and MPC5xx special purpose registers (SPRs) via the
READI read/write access protocol

* Watchpoint messaging via the auxiliary port

* 9 or 16 full-duplex auxiliary pin interface for medium and high visibility throughput
» All features configurable and controllable via the auxiliary port

» Security features for production environment

» Supports the RCPU debug mode via the auxiliary port

* READI module can be reset independent of system reset

1.3.10.2 Data Link Controller (DLCMD2) Module
» SAE J1850 Class B data communications network interface compatible and 1SO compatible for
low-speed (<125 Kbps) serial data communications in automotive applications
* 10.4 Kbps variable pulse width (VPW) bit format
» Digital noise filter, collision detection
» Hardware cyclical redundancy check (CRC) generation and checking
* Block mode receive and transmit supported
* 4xreceive mode supported (41.6 Kbps)
» Digital loopback mode
» In-frame response (IFR) types 0, 1, 2, and 3 supported
» Dedicated register for symbol timing adjustments
* Inter-module bus 3 (IMB3) slave interface
* Power-saving IMB3 stop mode with automatic wakeup on network activity
» Power-saving IMB3 CLOCKDIS mode
* Debug mode available through IMB3 FREEZE signal or user controllable SOFT_FRZ bit
* Polling and IMB3 interrupt generation with vector lookup available

MPC565 Reference Manual, REV 2.2
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Two signals muxed with QSMCMB signals. Muxing controlled by QSMCMB PCS3 pin
assignment register

1.3.11 Integrated I/O System

True 5-V 1/O

1.3.11.1 Time Processor Units (TPU3)

Three time processing units (TPU3)
— 16 channels each
Each TPU3 is a microcoded timer subsystem

One 6-Kbyte and one 4-Kbyte dual-port TPU RAM (DPTRAM), one (6-Kbyte) shared by two
TPU3 modules for TPU microcode and the 4-Kbyte dedicated to the third TPU3 for microcode.

1.3.11.2 22-Channel Modular I/0 System (MIOS14)

22-channel MIQOS timer (MI0OS14)

Six modulus counter submodules (MCSM)

— Four additional MCSM submodules compared to MIOS1

10 double action submodules (DASM).

12 dedicated PWM submodules (PWMSM)

— Four additional PWM submodules compared to MIOS1 (shared with MIOS GPIO signals)
MIOS real-time clock submodule (MRTCSM) provides low power clock/counter

— Requires external 32-KHz crystal

— Uses four signals: two for 32-KHz crystal, two for power/ground.

1.3.12 Two Enhanced Queued Analog-to-Digital Converter Modules

(QADCB64E)
Two enhanced queued analog to digital converters (QADC64E A, QADCG64E B) with AMUXes
for 40 total analog channels.

10 bit A/D converter with internal sample/hold

— Typical conversion time is 7 ps (typical QCLK frequency, 2 MHz)
— Two conversion command queues of variable length

Automated queue modes initiated by:

— External edge trigger/level gate

— Software command

— Periodic/interval timer, assignable to both queue 1 and 2

64 result registers in each QADC64E module

— OQutput data is right or left justified, signed or unsigned

MPC565 Reference Manual, REV 2.2
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Synchronized clock mode allows both QADC64Es to see the same conversion clock. This allows
the two modules to look like one large QADC with four queues.

Conversions alternate reference (ALTREF) pin. This pin can be connected to a different reference
voltage

1.3.13 Three CAN 2.0B Controller (TouCAN) Modules

Three TouCAN modules (TouCAN A, TouCAN B, TouCAN C)

16 message buffers each, programmable 1/0 modes

Maskable interrupts

Programmable loopback for self-test operation

Independent of the transmission medium (external transceiver is assumed)
Open network architecture, multimaster concept

High immunity to EMI

Short latency time for high-priority messages

Low power sleep mode, with programmable wake up on bus activity
TOUCAN C signals shared with MI0S14 GPIO signals

1.3.14 Queued Serial Multi-Channel Modules (QSMCM)

Two queued serial modules with one queued-SPI and two SCI each (QSMCM_A, QSMCM_B)
— QSMCM A matches full MPC555 QSMCM functionality
— QSMCM B has signals muxed with DLCMD2 module

— Two signals are muxed with DLCMD?2 (J1850) transmit and receive signals
(B_PCS3_J1850_TX and B_RXD2_J1850_RX)

— QSMCM B vs J1850 mux control provided by QPAPCS3 bit in QSMCM pin assignment
register (PQSPAR)
Queued-SPI

— Provides full-duplex communication port for peripheral expansion or interprocessor
communication

— Up to 32 preprogrammed transfers, reducing overhead
— Synchronous serial interface with baud rate of up to system clock / 4
— Four programmable peripheral-select signals support up to 16 devices

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

SCI

— UART mode provides NRZ format and half- or full-duplex interface
— 16 register receive buffer and 16 register transmit buffer on one SCI
— Advanced error detection, and optional parity generation and detection
— Word length programmable as 8 or 9 bits

MPC565 Reference Manual, REV 2.2

1-8

Freescale Semiconductor



1.4

1.5

Overview

— Separate transmitter and receiver enable bits, and double buffering of data

— Wake-up functions allow the CPU to run uninterrupted until either a true idle line is detected,
or a new address byte is received

MPC565 Optional Features

The following features of the MPC565 are optional features and may not appear in certain configurations:

* 56-MHz operation (40-MHz is default)
*  MPC566 supports code compression
* Multiple temperature ranges

Differences between the MPC565 and the MPC555

In Table 1-1, the MPC555 is used as a baseline to compare the high level differences from an early device
offering in the MPC500 family to the MPC565.

Table 1-1. Differences Between Modules of the MPC555 and the MPC565

Module MPC555 MPC565
CPU Core No Change
BBC BBC BBC with improved code compression1
L2U No Change
SRAM 26-Kbytes 36-Kbyte CALRAM with overlay features
Flash 448-Kbyte CMF 1-Mbyte UC3F
(new programming, etc.)
usiu usiu USIU with enhanced interrupt controller
JTAG No Change
READI None New Module
UiMB No Change
QADCe64 2 QADC64 (16 channels on each QADC for | 2 QADC64 modules, Enhanced with AMUXes
32 total channels) ( 40 channels accessible from either QADC64E)
QSMCM (1) No Change (2)
DLCMD2 (J1850) None 1
MIOS MIOSH1 MIOS14: MIOS1 with real-time clock (MRTCSM), 4
more PWMSMs and 4 more MCSMs
TouCAN (2) No Change (3)
TPUS3 (2) No Change (3)
DPTRAM (6-Kbytes) No Change (6-Kbytes, 4-Kbytes)
Power Supplies
— 40 MHz with two power supplies: 56 MHz with two power supplies:
nominal 3.3-V to 5.0-V power supplies 5.0-V I/O, 2.6-V internal logic

MPC565 Reference Manual, REV 2.2
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1 Available on some options.

1.6
The following are additional differences between the MPC555 and the MPC565.

Additional MPC565 Differences

SPI (MISO, MOSI, and SCK) pin drive.
— MPC565 provides 21-ns rise/fall with 200-pf load using CMOS (20%/70%) levels
GPIO on MODCKT1 pin outputs only 2.6 V
— MODCKT1 pin is in keep-alive power section with no 5-V rail available
— 5.0-V compatibility modes
— Inputis 5-V friendly
— 2.6-V output has less slew rate control
- 26-V:Vgy=23V
Power supplies for external bus signals
— QyppL IS quiet supply to hold non-switching outputs quiet even when noisy supply (NyvppL)
sags
— QvppL Supplies pre-drive and other pad logic
— NyppL only supplies final PMOS driver stage
— QvppL and Nypp,_ shorted on customer board after filtering
Pull-up and pull-down changes during PORESET and HRESET
— All 2.6-V/5-V pads (external bus: address/data/control) pull down at reset
— Al 5-V pads pull up at reset
— Additional control granularity in the PDMCR register
No pull-ups on QSMCM SCI receive pads

A RXD1 QGPI1, A_ RXD2_QGPI2, B_RXD1 QGPI1 signals do not have weak pull-up during
reset or any other time

CLKOUT has 3 drive strength options
— Better matches drive to requirements to reduce EMI
— 25, 50, 100 pf instead of 45 and 90 pf
Change reset value of ENGCLK to maximum divide (crystal/128)
— For a 4-MHz crystal, this is 31.25 KHz
— ENGCLK is selectable between 2.6 V and 5 V

A daisy chain between UC3F modules allows either module to provide the reset configuration
word (RCW)

Censorship operation

— A RCW bit controls whether or not the entire UC3F can be erased while censorship is violated
BBC differences

— SPRs (PPC regs) access in two clocks instead of one clock

MPC565 Reference Manual, REV 2.2
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— BBC includes a 4-Kbyte DECRAM that can be used if compression is not used or is not
available.

» CALRAM differences
— Internal protection block size is 8 Kbytes
— Instead of 4 Kbytes on MPC555 LRAM

— CALRAM causes machine check exception instead of data storage interrupt (DSI) exception
in certain cases

— For non-overlay CPU core accesses, a DSI exception is taken

— For overlay accesses and any non-core access (slave mode), a machine check exception is
taken

— CALRAM causes DSI exception only if the data relocation (DR) bit in the core machine state
register, MSR[DRY], is set.
— L2U on MPC555 already followed this protocol, but the LRAM did not. Now all L-bus
peripherals follow this protocol.

— The MSR[DR] bit is described in Section 3.9.1, “Machine State Register (MSR),” for more
information.

» Four additional PRDS control bits were added to the USIU to allow more granularity of PRDS
control on a part

1.7 SRAM Keep-Alive Power Behavior

The SRAM has three keep-alive power signals (Vppsram1, Voposramz: aNd Vppsrama)- These signals
provide keep-alive power to the SRAM arrays in the CALRAM modules and the DPTRAM modules.

The Vppsrami Pin powers the 32-Kbyte CALRAM A during keep-alive while power is off to the
MPC565 (except for the keep-alive power supplies). CALRAM A keeps all of its 32 Kbytes powered
during power down.

The Vppsramz Pin powers the 4-Kbyte CALRAM B module. The Vppsrams Pin powers the DPTRAM
modules during keep-alive as well as during normal operation. The CALRAM modules only power their
arrays from the VDDSRAM signals during keep-alive. During normal operation, they are powered by the
normal internal VDD of the part.

The DPTRAM modules (6 Kbytes and 4 Kbytes) and the 4-Kbyte DECRAM in the BBC module power
their arrays via the Vppsrams Pin during keep-alive and are supplied by Vpp during normal operation.

1.8 MPC565 Memory Map

The internal memory map is organized as a single 4-Mbyte block. This is shown in Figure 1-3. This block
can be moved to one of eight different locations. The internal memory space is divided into the following
sections:

* Flash memory (1 Mbyte) — U-bus memory
» Static RAM memory (36 Kbytes CALRAM) — L-bus memory
» Control registers and IMB3 modules (64 Kbytes), partitioned as

MPC565 Reference Manual, REV 2.2
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— USIU and Flash control registers
— UIMB interface and IMB3 modules
— CALRAM and READI control registers (L-bus control register space)

The internal memory block can reside in one of eight possible 4-Mbyte memory spaces. These eight
locations are the first eight 4-Mbyte memory blocks starting with address 0x0000 0000, as shown in
Figure 1-2. There is a user programmable register in the USIU to configure the internal memory map to
one of the eight possible locations. Programmability of internal memory map location allows multiple chip
system.

The IMB3 address space block in Figure 1-3 shows memory allocation for IMB3 modules. It does not
show the actual memory space required for individual modules. All modules are mapped to the low
address, numerically, of the memory allocated for that module in the IMB3 address space.

MPC565 Reference Manual, REV 2.2
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Internal 4-Mbyte Memory Block
0x0000 0000 (Resides in one of eight locations)

0x003F FFFF
0x0040 0000

0x007F FFFF
0x0080 0000

O0x00BF FFFF
0x00CO0 0000

OXOOFF FFFF
0x0100 0000

OX013F FFFF
0x0140 0000

0x017F FFFF
0x0180 0000

0x01BF FFFF
0x01CO0 0000

OXO1FF FFFF

OXFFFF FFFF

Figure 1-2. Memory Map

MPC565 Reference Manual, REV 2.2
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Ox2F C000
0x00 0000 UC3F_A Flash USIU Control Registers
512 Kbytes
0x07 FFFH
008 0000 UC3F_A Control Ox2F C800
x UC3F_B Flash (64 bytes)
OXOF EEFE 512 Kbytes UC3F_B Control 0x2F C840
(64 bytes)
0x10 0000) ' Reserved for Flash = p Ox2F C848
eserve
OX2F 7FFF (2,016 Kbytes)
Ox2F 8000 DECRAM DPTRAM_AB 0x30 0000
Ox2F 8FFF 4 Kbytes Registers (64 bytes)
0x2F 9000 DPTRAM C 0x30 0040
0x2F 9FFF Reserved Registers (64 bytes)
0x2F A0OO| BBC Control Registers DLCMD2 (16 bytes) 0x30 0080
Ox2F BFFF 8 Kbytes Reserved (3952 bytes) | 0x30 0090
0x2F C000 | USIU & Flash Control
Ox2F FFFH 16 Kbytes DPTRAM_C (4 Kbytes) 0x30 1000
0x30 000( —
UIMB I/E & IMB DPTRAM_AB (6 Kbytes) | 0x30 2000
Modules Reserved (2 Kbytes) 0x30 3800
32 Kbytes
0x30 7FFF TPU3_A (1 Kbytes) 0x30 4000
0x30 8000 |  Reserved for IMB TPU3_B (1 Kbytes) 0x30 4400
480 Kbytes
0x37 FRFF " QADCE4_A (1 Kbytes) | 0x30 4800
0x38 0000 CALRAM/
Readi Control QADC64_B (1 Kbytes) 0x30 400
0x38 O0FF 256 bytes QSMCM_A (1 Kbytes) 0x30 5000
0x38 0100 |Reserved (L-bus Control)
OX38 3FFF |  ~32 Kbytes QSMCM_B (1 Kbytes) | Ox30 5400
0x38 4000
Reserved (1 Kbytes) 0x30 5800
Reserved (L-bus Mem) 0530 5COD
444 Kbytes TPU3_C (1 Kbytes) X
0x30 6000
Ox3F 6FFF MIOS14 (4 Kbytes)
Ox3F 7000 | All 4-Kbytes can be
Overlay Section TOUCAN_A (1 Kbytes) 0x30 7000
Ox3F 7FFF | CALRAM B (4 Kbyte)
= 0x30 7400
Ox3E 8000 TOUCAN_B (1 Kbytes)
TOUCAN_C (1 Kbytes) | 0x30 7800
CALRAM_A (32 Kbyte
A ve) Reserved (896 bytes) 0x30 7900
| erote v, Gt | UIMB Control Registers | 09x30 7F80
4-Kbyte Overlay Section
Ox3F FFFF y y (128 bytes) 0x30 7FFF

Figure 1-3. Internal Memory Block

1.9 MPC565 Pinout Diagram
Figure 1-4 shows the pinout for the MPC565.

MPC565 Reference Manual, REV 2.2
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Figure 1-4. MPC565 Pinout Diagram
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Chapter 2
Signal Descriptions

This chapter describes the MPC565 microcontroller’s external signals. It contains a description of

individual signals, shows their behavior, shows whether the signal is an input or an output, and indicates

signal multiplexing.

NOTE

A bar over a signal name indicates that the signal is active-low—for
example, TA (transfer acknowledge). Active-low signals are referred to as
asserted (active) when they are low and negated when they are high. Signals
that are not active-low, such as ADDR[8:31] (address bus signals) and
DATA[0:31] (data bus signals) are referred to as asserted when they are high
and negated when they are low.

Refer to Appendix F, “Electrical Characteristics,” for detailed electrical information for each signal.

2.1 Signal Groupings
Figure 2-1 illustrates the external signals of the MPC565 grouped by functional module.
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— SGPIOA[8:31] / ADDR[8:31] _
< > |24 MCKO
<« SGPIOD[0:31] / DATA[0:31] |35 1 MDO[30] >
< TSIZ[0:4] | 5 4 @. > EEADI
fyvr=y ort
< WR/RD |1 1 VCK] » | 12Pins
< BURST |1 1|« (MDO[7:4]
~ BDIP . 2 | . MDI[0:1] Nt
< 2 p(1 “—— multiplexed
:?::Srf < TA |1 1 |« MSEI with
67ePiﬁge < TEA 3|, _ EVT MPIO32B[7:10])
oE 1 | — in MIOS 14)
< 1 1 | € RST!
P TEXP/RSTCONF - —
< =TCONE 11
P STS/Bl__ |1 1 XTAL »
: s L 1 | €-EXTAL i
L < > |1 1 |€XEC
By e > | gousar
D — OCLIIRQL ) 4 1 | EnGelkTBUCIK > | P
<—CR/SGPIOC2 / MTS /IRQ2 1 1 | <_VDDSYN > 8 Pins
Interrupt  KR/RETRY /SGPIOC3/IRQ3 1 1 | € YSSSYN
| . .
g(’;r:r:rsoller P AT2 / SGPIOC4 / IRO4 >l 1 1 |¢ PULL_SEL (l:%?::guratlon
4 MODCK1 / SPGIOCS5 / IRQ5 1 _
< S /1 , )
MODCK[2:3] / IRQ[6:7] , 4 | —CSlO3] »  JhipSelect
_: FRZ / PTR / SGPIOC6 N 4 WE[0:3] / BE[0:3] / AT[0:3] » Write Enable
Development < LWPO / IRQOUT / SGPIOC7 > 1 1 A_CNTX0 — 4Pins
and Debug D) VFO/LWP1/BG | | 1 | «_ACNRX0 >
H N p— L |
7 Pins < VFL/IWP2/BR | | 1 BN p | TouCAN
— i H
< VE2/IWP3/BB | 1 i S C_CNTX0/MPIO32B13 I 6 Pins
< VFLS[0:1] / IWP[0:1] 2 1 | < C_CNRX0/MPIO32B14 ¢
— <« |
— ETRIG[2] |, MPCSESIS66 ) 1 ¢ EPEE = UC3F Flash
ANw /A PQBO/AN44 D] 7 1 |¢—BOEPEE EEPROM
ANX/A PQBL/AN45 | 1 | —YFLASH 5 Pins
ANy/ A_PQB2 / AN46 | | 1 1 |¢VDDF
ANz /A POB3/AN4T _J| | 1 | Y55k |
A _PQB[47]/AN[48551] 0| , |« HRESET — s
A MA[0:2]/ A_PQA[0:2] / AN[52:54] o DT i ystem
QADC64Aand | ¥ A POA[3:7] [AN[55:59] » g 1|« ggEESTET/TRST Control
QADC64 B h B _POB[0:7] /AN[64:71] D 2 1 |« » | 3Pins
49 Pins B MA[:2]/B_PQA[0:2] [AN[7274] | 3 1 | ¢Dsck/TcK —
Dl B_PQA[3:7]/ AN[75:79] | 1 | < DSDI/TDI ITAG
< AN[EO:87] 0| 2 1 | = psbo/Too o 5 Pins
VRH 0 7 1 | €TMS >
VRL S| | 1 | <—3ComP
ALTREF 0| 7 < —
VDDA ; 1 1 | ¢ MPIO32B15 > |
| VSSA_ Ul | S MDA[IL15 ¢
> 4 | € MpART AL >
_ == 5 Pl - »
< A_SS!A QGPIO0/A_PCSO 1 CPWNO3 > MIOS14
<A QGPIO[L2]/ A PCS[L2] | ), j < MPWM[16:19] < 35 Pins
< A_QGPIO3/A PCS3 | _  MPIO32B[5:6] / MPWM[4:5] ¢ MPIO32B13 and
< A_QGPIO4 A MISO__ %) 2 |« > | an
< Q 4 5 | g MPIO32B[11:12]/ MPWM[20:21] MPIO32B14
< A_QGPIO5/A_MOSI__ o < - : >
QSMCM A < > 1 S MPIO32B[0:2]/ VF[0:2] ¢ ltinlexed
B < A_QGPIO6 /A _SCK 3 |« - - > multiplexe
11 Pins < , = 1 < MPIO32B[3:4]/ VFLS[0:1] ¢ ith GNTXO and
P A_QGPO[1:2]/ A_TXD[L:2] > 2 |« - - > with CNTXO0 an
< A OGP 21 TA RXDIT:2 . MPIO32B[7:10] / MDO[7:4] ¢ CNRXO in
QGPI[L:2] [l ] % 4 | >
| - 1 | €_VDDRTC TOuCAN)
— J1850_TX / B_PCS3 . 1 | vssrTc
i J1850 RX/B RXD2 1 1 | < EXTALZ2
J— N
B_SS/B_QGPIO0/B_P 1 1 XTALS2 >
QSMCM B B_QGPIO[1:2] / B_PCS[1:2] 5 —
12 Pins < B QGPIO47B MISO_ 3| | 16 |4 ATPUCH[0:15] >
P B_QGPIO5/B_MOSI A_T2CLK
< > 1 1 |« > TPU3 A, B, and C
D) B_QGPIO6/B_SCK__o| 1 16 |4B_TPUCH[0:15] > | 51Pins
Pl B_QGPO[1:2]/B_TXD[1:2] | » 1 |¢B-T2CLK >
D B QGPIL/B RXDL ] 16 | €_C_TPUCH[0:15] 4
| | 4
| BECK I 7 1 | ¢ CT2CIK > |
IYY Y ¥
VDDSRAMI[1:3] J VDD
L vss
QvDDL ——— KAPWR  Note: In cases where one multiplexed signal
NVDDL VDDH is an input and another is an output, together
Global Power Supply they are shown as I/O.

Figure 2-1. MPC565 Signal Groupings
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2.2 Signal Summary

Table 2-1 describes individual MPC565 signals, grouped by functional module.
Table 2-1. MPC565 Signal Descriptions

No. of Function after

Signal Name Signals Type Reset!

Description

Bus Interface

Address Bus [8:31] — Specifies the physical address of the
I/O | Controlled by bus transaction. The address is driven onto the bus and
RCWISC]. See |kept valid until a transfer acknowledge is received from the
ADDR[8:31]/ SGPIOA[8:31] 24 Table 6-10. slave. ADDRS is the MSB for this bus.

I/0 Port SGPIOA [8:31] — Allows the signals to be used as
general-purpose inputs/outputs.

Data Bus [0:31] — Provides the general-purpose data path
I/O | Controlled by between the MPC565 and all other devices. Although the
RCWISC]. See |data path is a maximum of 32 bits wide, it can be
DATA[0:31] / SGPIODI[0:31] 32 Table 6-10. dynamically sized to support 8-, 16-, or 32-bit transfers.
DATAQ is the MSB of the data bus.

I/0 Port SGPIOD [0:31] — Allows the signals to be used as
general-purpose inputs/outputs.
TSIZ[0:1] 2 I/O | TSIZ[0:1] Transfer Size [0:1] — Indicates the size of the requested

data transfer in the current bus cycle.

L L Read/Write — Indicates the direction of the data transfer for
RD/WR 1 I/lO | RD/WR a transaction. A logic one indicates a read from a slave
device; a logic zero indicates a write to a slave device.

BURST 1 I/O |BURST Burst Indicator — Driven by the bus master to indicate that
the currently initiated transaction is a burst.

BDIP 1 I/O |BDIP Burst Data In Progress — Indicates to the slave that there
is a data beat following the current data beat.

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
TS 1 /O |TS 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.

MPC565 Reference Manual, REV 2.2
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Table 2-1. MPC565 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

I/0

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 theTA 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 may need an
external pull-up resistor to ensure proper operation and
conform to signal timing specifications.

I/0

TEA

Transfer Error Acknowledge — This signal indicates that a
bus error occurred in the current transaction. The MPC565
asserts this signal when the bus monitor does not detect a
bus cycle termination within 2040 clock cycles. The
assertion of TEA causes the termination of the current bus
cycle, regardless of the state of TEA. 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
MPC565.

OE

Output Enable — This output line is asserted when a read
access is initiated by the MPC565 to an external slave
controlled by the memory controller's GPCM.

RSTCONF / TEXP

RSTCONF until
reset negates.
Following reset,
the function is
defined by
SIUMCR[RCTX]
See Table 6-8.

Reset Configuration — Input. This input line is sampled by
the MPC565 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
external data bus. When this line is negated, the
configuration mode adopted by the MPC565 is the default.

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

BI/STS

I/0

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

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 MPC565 drives out the signal for a
specific transaction, it asserts or negates Bl according to
the value specified in the appropriate control registers.
The signal is negated after the end of the transaction and
then is immediately three-stated. This is an active-low
signal and may need an external pull-up resistor to ensure
proper operation and signal timing specifications.

Special Transfer Start — This output signal is driven by the
MPC565 to indicate the start of a transaction on the
external bus or signals the beginning of an internal
transaction in showcycle mode.

MPC565 Reference Manual, REV 2.2
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Table 2-1. MPC565 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

Interrupt Controller

IRQO / SGPIOCO

I/0

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 nonmaskable
interrupt (NMI).

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

IRQ1/RSV/SGPIOCH

I/0

T

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 SGPIOC1 — Allows the signal to be used as a
general-purpose input/output.

IRQ2/CR/SGPIOC2/
MTS

I/0

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 MPC565 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 MPC565’s memory controller that allows external
memory access by an external bus master.

IRQ3/ KR/ RETRY/
SGPIOC3

I/0

I/0

I/0

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 CPU 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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Table 2-1. MPC565 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 SGPIOC4 — Allows the signal to be used as a
general-purpose input/output.

IRQ5 / SPGIOC5 /
MODCK1

I/0

MODCK1 until
reset negates

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.

Port SGPIOCS5 — Allows the signal to be used as a
general-purpose input/output.

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

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

MODCK][2:3]
until reset
negates

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.

CS[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.

MPC565 Reference Manual, REV 2.2
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Table 2-1. MPC565 Signal Descriptions (continued)

No. of Function after

Signal Name Signals Type Reset'

Description

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
MPC565. 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
Controlled by contain valid data to be stored by the slave device.
WEJ0:3] / BE[0:3] / AT[0:3] 4 O |RCWI[ATWC] |-WEO/BEQ is asserted if the data lane DATA[0:7] contains
See Table 6-8. | valid data to be stored by the slave device.

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

— WE2/BE2 is asserted if the data lane DATA[16:23]
contains valid data to be stored by the slave device.

— WEB/BES 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
o] 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.

System Control

Power-On Reset —This signal should be activated as a
result of a voltage failure on the keep-alive power signals.
The signal has a glitch detector to ensure that low spikes
I of less than 20 ns are rejected. The internal PORESET

PORESET / TRST 1 signal is asserted only if PORESET is asserted for more
PORESET / than 100 ns. See Chapter 7, “Reset,” for more details on
TRST timing.

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

Hard Reset — The MPC565 can detect an external
assertion of HRESET only if it occurs while the MPC565 is
not asserting reset. After negation of HRESET or SRESET
is detected, a 16-cycle period is taken before testing the
HRESET 1 /O |HRESET 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.

MPC565 Reference Manual, REV 2.2
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Table 2-1. MPC565 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

SRESET

I/0

SRESET

Soft Reset — The MPC565 can detect an external
assertion of SRESET only if it occurs while the MPC565 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 a

nd Debug

SGPIO6 / FRZ / PTR

I/0

PTR

Port SGPIOC [6] — Allows the signals to be used as
general-purpose inputs/outputs.

Freeze — Indicates that the RCPU is in debug stopped
mode. FRZ is asserted based on a logical OR of the bits in
DER and ECR. See Figure 22-6 for more details.

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

SGPIOC7/IRQOUT /LWPO

I/0

LWPO

Port SGPIOC7 — 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 22, “Development
Support,” for more details.

BG / VFO / LWP1

I/0

Controlled by
RCW[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 MPC565
when program instruction flow tracking is required. VFs
report the number of instructions flushed from the
instruction queue in the internal core. See Chapter 22,
“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.
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Table 2-1. MPC565 Signal Descriptions (continued)

No. of Function after

Signal Name Signals Type Reset'

Description

I/0 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.

Controlled by Visible Instruction Queue Flush Status 1 — This output
BR/VF1/IWP2/ 1 RCW[DBGC] signal together with VFO and VF2 is output by the MPC565
o] See Table 6-8. when program instruction flow tracking is required. VFs
report the number of instructions flushed from the
instruction queue in the internal core. See Chapter 22,
“Development Support,” for more details.

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

Bus Busy — Indicates that the master is using the external
I/0 bus. BB is an active-low signal and may need an external
pull-up resistor to ensure proper operation and signal
timing specifications.

Controlled by Visible Instruction Queue Flush Status 2 — This output
BB/VF2/IWP3 1 RCW[DBGC] signal together with VF0 and VF1 is output by the MPC565
0] See Table 6-8 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
(0] detection of an instruction watchpoint in the program flow
executed by the internal core.

Instruction Watchpoint [0:1] — These output signals report

O the detection of an instruction watchpoint in the program
Controlled by flow executed by the RCPU.
RCWI[DBGC] — - -
IWP[0:1] / VFLS[0:1] 2 See Table 6-8. Visible History Buffer Flush Status [0:1] — Thege S|gn§Is
are output by the MPC565 to enable program instruction
o] flow tracking. They report the number of instructions

flushed from the history buffer in the RCPU. See
Chapter 22, “Development Support,” for details.

BDM / JTAG

TMS 1 | T™MS Test Mode Select — This input controls test mode
operations for on-board test logic (JTAG).

I Test Data In — This input is used for serial test instructions
Controlled by and test data for on-board test logic (JTAG).

TDI/ DSDI 1 RCWI[DBPC] - . . -
See Table 6-9 Development Serial Data Input — This input signal is the

I data in for the debug port interface. See Chapter 22,
“Development Support,” for details.
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Table 2-1. MPC565 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

TCK/DSCK

Controlled by
RCWI[DBPC]
See Table 6-9

Test Clock — This input provides a clock for on-board test
logic (JTAG).

Development Serial Clock — This input signal is the clock
for the debug port interface. See Chapter 22,
“Development Support,” for details.

TDO /DSDO

Controlled by
RCWI[DBPC]
See Table 6-9

Test Data Out — This output is used for serial test
instructions and test data for on-board test logic (JTAG).

Development Serial Data Output — This output signal is the
data-out line of the debug port interface. See Chapter 22,
“Development Support,” for details.

JCOMP

JCOMP

JTAG Compliancy — This signal enables the IEEE1149.1
JTAG circuitry in the MPC565. This signal was TRST on
the K85H mask set of the MPC565.

0 = JTAG disabled

1 = JTAG enabled

READI (Nexus) Port

MCKO

MCKO

MCK — Output. 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 MPC565 system clock.

MDOJ[3:0]

MDOI[3:0]

Message Data Output [3:0] — Message data out (MDO[3:0]
are output signals used for uploading OTM, BTM, DTM,
and read/write accesses. External latching of MDO occurs
on the rising edge of MCKO. Eight signals are
implemented; four (MDO[7:4]) are shared with MIOS14
GPIO (Please refer to Signal “MPIO32B[7:10]/
MDQJ[7:4]")

MSEO

MSEO

MSEO - Message Start/End Out (MSEO) is an output
signal that 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 the rising edge of MCKO.

MCKI

MCKI

MCKI — Message Clock Input. MCKI is the NEXUS
message clock input.

MDI[0:1]

MDI0:1]

Message Data Input [0:1] — MDI[0] or MDI[1] are NEXUS
input signals used for downloading configuration
information, writes to user resources, and so forth. Internal
latching of MDI occurs on the rising edge of MCKI.

MSEI

MSEI — Message Start/End Input. The MSEI input is a
NEXUS 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 the rising edge of MCKI.
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Table 2-1. MPC565 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

EVTI

1

EVTI

EVTI — Event in (EVTI) is level sensitive when configured
for breakpoint generation, otherwise it is edge sensitive.

RSTI

RSTI

RSTI — Reset In. RSTl is the NEXUS port reset input.

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 — Input. This is the external frequency source for
the MPC565. 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]0:1] bits in the SCCR register in the SIU.

BUCLK — When the MPC565 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.
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Table 2-1. MPC565 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

Configuration

PULL_SEL

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)/MP1032BJ[0:2], VFLS[0:1]/MPIO32B[3:4],
and MDO[7:4)/MPI032B[7:10]. When this pin is low,
pull-downs are selected.

TouCAN

A_CNTXO0

A_CNTXO0

TouCAN A Transmit Data 0 — This signal is the serial data
output.

A_CNRXO0

A_CNRXO0

TouCAN A Receive Data — This signal is the serial data
input.

B_CNTX0

B_CNTX0

TouCAN B Transmit Data 0 — This signal is the serial data
output.

B_CNRX0

B_CNRX0

TouCAN B Receive Data — This signal is the serial data
input.

C_CNTX0/ MPIO32B13

I/0

MPIO32B13

TouCAN Transmit Data 0 — This signal is the serial data
output for the TouCAN C module.

Port MIOS GPIO 13 — Allows the signal to be used as a
general-purpose input/output.

C_CNRX0/MPIO32B14

I/0

MPIO32B14

TouCAN Receive Data 0 — This signal is the serial data
input for the TouCAN C module.

Port MIOS GPIO 14 — Allows the signal to be used as a
general-purpose input/output.

UCS3F Flash

EPEE

EPEE

EPEE — Input. This external program/erase enable control
signal externally controls the program or erase operations.
When held low, program or erase operations on both
internal flash modules are disabled.

BOEPEE

BOEPEE

BOEPEE — Input. This control signal externally controls the
program or erase operations of block 0 of UC3F_512KA.
When low, program or erase operations are disabled in
block 0 of the UC3F_512KA module.

VFLASH

VFLASH

VFLASH — Input. Flash supply voltage (5-V supply) used
during all operations of the UC3F.

VDDF

VDDF

VDDF - Flash core voltage input (2.6-V supply).

VSSF

VSSF

VSSF - Flash core ground reference.
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Table 2-1. MPC565 Signal Descriptions (continued)

No. of Function after

Signal Name Signals Type Reset'

Description

QADC64 A and B

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

Analog Channel [44] — Internally multiplexed input-only
analog channel. Passed on as a separate signal to the
QADCG64E.

AN44 / ANw / A_PQBO 1 I AN44 Multiplgxed Analog Input (ANw) — Externally multiplexed
analog input.

Port A_PQBO0 — When this signal is not needed for QADC
IO converter functions, it can be used as a general-purpose
input or output.

Analog Channel [45] — Internally multiplexed input-only
analog channel. Passed on as a separate signal to the
QADCG64E.

AN45 / ANx/ A_PQB1 1 I AN45 Multiplgxed Analog Input (ANx) — Externally multiplexed
analog input.

Port A_PQB1 — When this signal is not needed for QADC
I/0 converter functions, it can be used as a general-purpose
input or output.

Analog Channel [46] — Internally multiplexed input-only
analog channel. The input is passed on as a separate
signal to the QADC64E.

AN46 / ANy/ A_PQB2 1 I AN46 Multiplgxed Analog Input (ANy) — Externally multiplexed
analog input.

Port A_PQB2 —When this signal is not needed for QADC
I/0 converter functions, it can be used as a general-purpose
input or output.

Analog Input [47]— Internally multiplexed input-only analog
channel. The input is passed on as a separate signal to the
QADCB64E.

AN47 / ANz / A_PQB3 1 I AN47 Multiplgxed Analog Input (ANz) — Externally multiplexed
analog input.

Port A_PQB 3 — When this signal is not needed for QADC
I/0 converter functions, it can be used as a general-purpose
input or output.
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Table 2-1. MPC565 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

AN[48:51] / A_PQB[4:7]

I/0

AN[48:51]

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

Port A_PQB [4:7] — When this signal is not needed for
QADC converter functions, it can be used as a
general-purpose input or output.

AN[52:54] / A_MA[0:2] /
A_PQA[0:2]

I/0

AN[52:54]

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

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

Port A_PQA [0:2] — When these signals are not needed for
QADC converter functions, they can be used as
general-purpose inputs or outputs.

AN[55:59] / A_PQA[3:7]

I/0

AN[55:59]

Analog Input [565:59] — Input-only. These inputs are passed
on as separate signals to the QADC64E.

Port A_PQA [3:7]— When these signals are not needed for
QADC converter functions, they can be used as
general-purpose inputs or outputs.

AN[64:71]/ B_PQBI[0:7]

I/0

AN[64:71]

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

Port B_PQB [3:7] — When these signals are not needed for
QADC converter functions, they can be used as
general-purpose inputs or outputs.

AN[72:74] / B_MA[0:2] /
B_PQA[0:2]

I/0

AN[72:74]

Analog Input [72:74] — Input-only. These inputs are passed
on as separate signals to the QADC64E.

Multiplexed Address [0:2] ] for QADC Module B— Output.
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] — When these signals are not needed for
QADC converter functions, they can be used as
general-purpose inputs or outputs.

AN[75:79] / B_PQA[3:7]

I/0

AN[75:79]

Analog Input [75:79] — Input-only. These inputs are passed
on as separate signals to the QADC64E.

Port B_PQA [3:7] — When these signals are not needed for
QADC converter functions, they can be used as
general-purpose inputs or outputs.

AN[80:87]

AN[80:87]

Analog Input [80:87] — Input-only. These inputs are passed
on as separate signals to the QADC64E by the AMUX.

VRH

VRH

VRH — Input signal for high reference voltage for the
QADC64_A and QADC64_B modules.
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Table 2-1. MPC565 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

VRL

1

VRL

VRL — Input signal for low reference voltage for the
QADC64_A and QADC64_B modules.

ALTREF

ALTREF

ALTREF — Input signal for alternate reference voltage for
the QADC64_A and QADC64_B modules.

VDDA

VDDA

VDDA — Power supply input to analog subsystems of the
QADC64_A and QADC64_B modules.

VSSA

VSSA

VSSA — Input. Ground level for analog subsystems of the
QADC64_A and QADC64_B modules.

QSMCM A and B

A_PCS0/A_SS/
A_QGPIO0

I/0

I/0

A_QGPIOO

PCSO0 - This signal provides QSPI peripheral chip select 0
for Module A.

SS- Assertion of this bidirectional signal places the QSPI
in slave mode in Module A.

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

B_PCS0/B_SS/
B_QGPIOB

I/0

I/0

B_QGPIO0

PCSO0 — This signal provides QSPI peripheral chip select 0
for Module B.

SS — Assertion of this bidirectional signal places the QSPI
in slave mode in Module B.

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

A_PCS[1:2]/A_QGPIO[1:2]

I/0

A_QGPIO
[1:2]

PCS [1:2] — These signals provide two QSPI peripheral
chip selects for Module A.

Port QGPIO [1:2] for Module A— When these signals are
not needed for QSPI applications they can be configured
as general-purpose input/outputs.

B_PCS[1:2]/B_QGPIO[1:2]

I/0

B_QGPIO
[1:2]

PCSB [1:2] — These signals provide two QSPI peripheral
chip selects for Module B.

Port QGPIO [1:2] for Module B— When these signals are
not needed for QSPI applications they can be configured
as general-purpose input/outputs.

A_PCS3/A_QGPIO3

I/0

A_QGPIO3

PCSS3 — This signal provides a QSPI peripheral chip select
for Module A.

Port QGPIO3 for Module A— When the QSMCM A PCS3
signal is not needed for QSPI applications it can be
configured as a general-purpose input/output.
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Table 2-1. MPC565 Signal Descriptions (continued)

No. of Function after

Signal Name Signals Type Reset'

Description

(0] PCSS3 - This signal provides a QSPI peripheral chip select
for Module B.

B_PCS3/J1850_TX 1 J1850_TX -
(0] J1850_TX — The PCSS signal of the QSMCM B module

can be configured as the J1850 transmit signal for the
DLCMC2 module.

Master-In Slave-Out (MISO) for Module A — This

I/0 bidirectional signal is serial data input to the QSPI in
master mode, and serial data output from the QSPI in
A_MISO/A_QGPIO4 1 A_QGPIO4 |slave mode.

Port QGPIOA4 for Module A — When this signal is not
I/0 needed for a QSPI application it can be configured as a
general-purpose input/output.

Master-In Slave-Out (MISO) for Module B— This

IO bidirectional signal is serial data input to the QSPI in
master mode, and serial data output from the QSPI in
B_MISO / B_QGPIO4 1 B_QGPIO4 |slave mode.
Port QGPIOB4 for Module B — When this signal is not
I/0 needed for a QSPI application it can be configured as a

general-purpose input/output.

Master-Out Slave-In (MOSI) for Module A — This

I/0 bidirectional signal is serial data output from the QSPI in
master mode and serial data input to the QSPI in slave
A_MOSI/A_QGPIO5 1 A_QGPIO5 |mode.
Port QGPIOAS for Module A — When this signal is not
I/0 needed for a QSPI application it can be configured as a

general-purpose input/output.

Master-Out Slave-In (MOSI) for Module B — This

I/0 bidirectional signal is serial data output from the QSPI in
master mode and serial data input to the QSPI in slave
B_MOSI/B_QGPIO5 1 B_QGPIO5 |mode.
Port QGPIOBS5 for Module B— When this signal is not
I/0 needed for a QSPI application it can be configured as a

general-purpose input/output.

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

A_SCK/A_QGPIO6 1 A_QGPIO6 — -
Port QGPIOAG for Module A— When this signal is not

I/0 needed for a QSPI application it can be configured as a
general-purpose input/output. When the QSPI is enabled
for serial transmitting, the signal cannot function as a
GPIO.
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Table 2-1. MPC565 Signal Descriptions (continued)

No. of Function after

Signal Name Signals Type Reset'

Description

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

B_SCK/B_QGPIO6 1 B_QGPIO6 — -
Port QGPIOB6 for Module B— When this signal is not

I/0 needed for a QSPI application it can be configured as a
general-purpose input/output. When the QSPI is enabled
for serial transmitting, the signal cannot function as a
GPIO.

(0] Transmit Data [1:2] — These are the serial data outputs
from the SCI1 and SCI2 for QSMCM Module A.

A_TXD[1:2]/ A_QGPO[1:2] 2 A_QGPO [1:2] Port QGPOA [1:2] for M.odu_le A —When these signals are
not needed for SCI applications, they can be configured as
(0] 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.

(0] Transmit Data [1:2] — These are the serial data outputs
from the SCI1 and SCI2 for QSMCM Module B.
B_TXD[1:2]/ B_QGPO[1:2] 2 B_QGPO [1:2] Port QGPOB [1:2] for Modqle B — When these signals are
not needed for SCI applications, they can be configured as
(0] 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.

Receive Data [1:2] — These input signals furnish serial
data inputs to the SCI1 and SCI2, Module A.

A_RXD[1:2]/ A_QGPI[1:2] 2 A_QGPI[1:2] Port QGPI [1:2] for Mo_dulg A —When these signgls are not
needed for SCI1 applications, they can be configured as
general-purpose inputs. When the receive enable bit in the
SClI control register is set to a logic 1, these signals cannot
function as general-purpose inputs.

Receive Data 1 — This input signal furnishs serial data
inputs to the SCI1, Module B.

Port QGPI 1 for Module B — When this signal is not needed
B RXD1/B QGPH 1 B QGPI1 for SCI1 applications, it can be configured as

- - - 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.

Receive Data 2 — This input signal furnishs serial data
inputs to the SCI2, Module B.

B_RXD2 / J1850_RX 1 J1850_RX -
J1850_RX — The QSMCM B_RXD2 signal can be
configured as the J1850 receive signal for the DLCMC2
module.

ECK 1 — This pin should be tied either high or low and has no
function.

MPC565 Reference Manual, REV 2.2

Freescale Semiconductor 2-17



Signal Descriptions

Table 2-1. MPC565 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

MIOS1

4

MPIO32B15

I/0

MPIO32B15

Port MIOS GPIO15— Allows the signal to be used as a
general-purpose input/output.

MDA[11, 13, 27, 30]

I/0

MDA[11, 13, 27,
30]

Double Action — These four signals provide paths for four
16-bit input captures or four 16-bit output compares.

Clock Input — Each of these signals provide a clock input

to the modulus counter submodule.

e MDA11 can be used as the clock input to the MMCSM6
modulus counter.

* MDA27 can be used as the clock input to the
MMCSM23 modulus counter.

* MDA13 can be used as the clock input to the
MMCSM22 modulus counter.

* MDAS3O0 can be used as the clock input to the MMCSM7
modulus counter.

MDA[12, 14, 28, 31]

I/0

MDA[12, 14, 28,
31]

Double Action — These four signals provide paths for two

16-bit input captures and two 16-bit output compares.

Load Input — Each of these signals provide a load input to

the modulus counter submodule.

* MDA12 can be used as the load input to the MMCSM®6
modulus counter.

¢ MDAZ28 can be used as the load input to the MMCSM23
modulus counter.

* MDA14 can be used as the load input to the MMCSM22
modulus counter.

* MDAS31 can be used as the load input to the MMCSM7
modulus counter.

MDA[15, 27:31]

I/0

MDA[15, 27:31]

Double Action — These six signals provide paths for two
16-bit input captures or two 16-bit output compares.

MPWMI0:3]

I/0

MPWM[0:3]

Pulse Width Modulation [0:3] — These signals provide
variable pulse width outputs at a wide range of
frequencies.

MPWM[16, 18]

I/0

MPWM[16, 18]

Pulse Width Modulation [16, 18] — These signals provide
variable pulse width outputs at a wide range of
frequencies.

Clock Input — Each of these signals provide a clock input
to the modulus counter submodule. MPWM?16 can be
used as the clock input to the MMCSM8 modulus counter.
MPWM?18 can be used as the clock input to the
MMCSM24 modulus counter.
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Table 2-1. MPC565 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

MPWM[17, 19]

I/0

MPWM[17, 19]

Pulse Width Modulation [17, 19] — These signals provide
variable pulse width outputs at a wide range of
frequencies.

Load Input — Each of these signals provide a load input to
the modulus counter submodule. MPWM17 can be used
as the load input to the MMCSM8 modulus counter.
MPWM19 can be used as the load input to the MMCSM24
modulus counter.

MPWMI[4:5] / MPIO32B[5:6]

I/0

MPIO32B
[5:6]

Pulse Width Modulation [4:5] — These signals provide
variable pulse width outputs at a wide range of
frequencies.

Port MIOS GPIO [5:6] — Allows the signals to be used as
general-purpose inputs/outputs.

MPWM[20:21] /
MPIO32B[11:12]

I/0

MP1032B
[11:12]

Pulse Width Modulation [20:21] — These signals provide
variable pulse width outputs at a wide range of
frequencies.

Port MIOS GPIO [11:12] — Allows the signals to be used
as general-purpose inputs/outputs.

VF[0:2] / MPIO32B[0:2]

I/0

MPIO32B
[0:2]

Visible Instruction Queue Flush Status [0:2] — These
signals are output by the MPC565 when program
instruction flow tracking is required. VF reports the number
of instructions flushed from the instruction queue in the
internal core. VF signals are also multiplexed with the
development and debug signals VF0 / IWP1 /BG, VF1/
IWP2/BR, and VF2/ IWP3 /BB.

Port MIOS GPIO [0:2] — Allows the signals to be used as
general-purpose inputs/outputs.

VFLS[0:1]/ MPIO32B([3:4]

I/0

I/0

MPIO32B
[3:4]

Visible History Buffer Flush Status [0:1] — These signals
are output by the MPC565 to allow program instruction
flow tracking. They report the number of instructions
flushed from the history buffer in the RCPU. See
Chapter 22, “Development Support,” for details.

MIOS GPIO [3:4] — Allows the signals to be used as
general-purpose inputs/outputs.

MDO[4:7] / MPIO32B[7:10]

I/0

Controlled by
READI enable
(EVTland
MDIO)

MDO[4:7]- READI (NEXUS) Data Out — Allows the signals
to be used by the READI modules as NEXUS data output
signals.

Port MIOS GPIO [7:10] — Allows the signals to be used as
general-purpose inputs/outputs.

VDDRTC

VDDRTC

VDDRTC - This is the power supply of the 32-KHz
oscillator circuitry and the MRTCSM.

VSSRTC

VSSRTC

VSSRTC — This is the power supply of the 32-KHz
oscillator circuitry.
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Table 2-1. MPC565 Signal Descriptions (continued)

No. of Function after

Signal Name Signals Type Reset'

Description

XTAL32 — This output signal is one of the connections to
XTAL32 1 O | XTAL32 an external 32-KHz crystal for the MIOS14 real-time clock
submodule (MRTCSM).

EXTAL32 — This signal is one of the connections to an
EXTAL32 1 I EXTAL32 external 32-KHz crystal for the internal oscillator circuitry
used by the MRTCSM. If this signal is unused, it must be
grounded.
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Table 2-1. MPC565 Signal Descriptions (continued)

Signal Name

No. of
Signals

Type

Function after
Reset!

Description

TPU

A_TPUCH

16

I/0

A_TPUCH

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

A_T2CLK

I/0

A_T2CLK

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

B_TPUCH

16

I/0

B_TPUCH

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

B_T2CLK

I/0

B_T2CLK

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

C_TPUCH

16

I/0

C_TPUCH

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

C_T2CLK

I/0

C_T2CLK

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

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.

VSS

VSS

VSS — Ground level reference input.

VDDSRAM!1

VDDSRAM?1

SRAM Keep-Alive Power — 2.6-V voltage supply input for
the keep-alive section of the CALRAM A (32K) module.

This signal supplies only keep-alive power to the CALRAM
A (32K) module. Run current is supplied by normal VDD.
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Table 2-1. MPC565 Signal Descriptions (continued)

No. of Function after

Signal Name Signals Type Reset'

Description

SRAM Keep-Alive Power — 2.6-V voltage supply input for
VDDSRAM2 1 I VDDSRAM2 the CALRAM B (4 Kbyte) module. This signal supplies only
keep-alive power to the CALRAM B (4 Kbyte) module. Run
current is supplied by normal VDD.

SRAM Keep-Alive Power — 2.6-V voltage supply input for
the arrays in the DPTRAM_AB (6 Kbytes), DPTRAM_C (4
VDDSRAM3 1 I VDDSRAM3 Kbytes), and the BBC DECRAM (4 Kbytes) modules. This
signal supplies only keep-alive power to both DPTRAM
arrays and the DECRAM module. Run current is supplied
by normal VDD.

1 This is the function after PORESET/ TRST, and HRESET.

2.2.1 MPC565 Signal Multiplexing

Table 2-2 describes the signal multiplexing that occurs between different modules of the MPC565.
Table 2-2. MPC565 Signal Sharing

Pin Name Function

c_cntx0_mpio32b13, TOUCAN_C shared with MIOS14 GPIO
c_cnrx0_mpio32b14

mdo_4_mpio32b10, READI shared with MIOS14 GPIO
mdo_5_mpio32b9,
mdo_6_mpio32b8, mdo_7_mpio32b7

mpwm20_mpio32b11, MIOS14 PWM submodule shared with MIOS14 GPIO

mpwm21_mpio32b12,
mpwm4_mpio32b5,
mpwm5_mpio32b6

vfO_mpio32b0, VF pins shared with MIOS14 GPIO
vf1_mpio32b1,
vf2_mpio32b2,

vilsO_mpio32b3, vils1_mpio32b4 | VFLS shared with MIOS14 GPIO

b_pcs3_j1850_tx, QSMCM_B pins are muxed with DLCMD?2 (J1850). These pins are
b_rxd2_j1850_rx transmit and receive pins. See Section 2.4.2, “QSMCM and
DLCMD2 (J1850) Modules.”

2.3 Pad Module Configuration Register (PDMCR)

Bits in the PDMCR (which resides in the SIU memory map) control the slew rate and weak
pull-up/pull-down characteristics of some signals; refer to Appendix F, “Electrical Characteristics.” The
PORESET/TRST signal resets all the PDMCR bits asynchronously.
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MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field SLRC Reserved | PRDS | SPRDS [T2CLK_PU PULL_DIS Rese
rved
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| SPULL_DIS Reserved
HRESET 0000_0000_0000_0000

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

Table 2-4 contains bit descriptions for the PDMCR.

Table 2-4. PDMCR Field Descriptions

Bits Name

Description

SLRCO

SLRCO controls the slew rate of signals on the following modules: TPU3, QADC64, USIU_GPIO
For the slew rate refer to Appendix F, “Electrical Characteristics.”

0 = Slow slew rate for signals. (200 nsec).

1 = Normal slew rate for signals.

SLRC1

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 = Slow slew rate for signals. (50 nsec).

1 = Normal slew rate for signals.

SLRC2

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

0 = Slow slew rate for signals. (200 ns).

1 = Normal slew rate for signals.

SLRC3

SLRC3 controls the slew rate of signals on the following modules: MIOS14, TOUCAN C. For the
slew rate refer to Appendix F, “Electrical Characteristics.”

0 = Slow slew rate for signals. (50 ns for TOUCAN C, 200 nsec for others).

1 = Normal slew rate for signals.

4:5

Reserved

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

e all TPUS signals except for T2CLK

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 Section Table 2-7., “MPC565/MPC566 Signal Reset State” for more information on
PRDS.
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Table 2-4. PDMCR Field Descriptions (continued)

Bits Name Description

7 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, TEA, RD/WR, BR, BG, BB,

TSIz, BI/STS, BURST, TDI, TMS, JCOMP, TCK, HRESET, SRESET.

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 Section Table 2-7., “MPC565/MPC566 Signal Reset State” for more information on
SPRDS.

8 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 MIOS input signals except C_CNTX0/MPIO32B[13],
C_CNRX0/MPIO32B[14]", EXTAL32, XTAL32, VDDRTC, and VSSRTC.

e PULL_DIS1 (bit 10): all QSMCM input signals®, except A_RXD[1:2)/QGPI[1:2]

« PULL_DIS2 (bit 11): all QADC input signals, except ETRIG1 and ETRIG23

 PULL_DIS3 (bit 12): all TOuCAN input signals*

e PULL_DIS4 (bit 13): READI module input signals

e PULL_DISS5 (bit 14): ETRIG1 and ETRIG2°

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.

15 — Reserved

16:17 | SPULL_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 SPULL_DISO (bit 16): IRQ5/SGPIO5/MODCK1

e SPULL_DIS1 (bit 17): JTAG/BDM signals (TMS, TDI/DSDI, JCOMP, TCK/DSCK)

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.

31:18 — Reserved

ETRIG1, ETRIG2 in mask set K85H.

None in mask set K85H.

TouCAN_A, TouCAN_B in mask set K85H.

TouCAN_C and MIOS MPIO32B13 and MPIO32B14 in mask set K85H.
RESERVED in mask set K85H.

a pH» WN =

2.4 Pad Module Configuration Register (PDMCR2)

The PDMCR2 controls alternate functionality of signals shared between different modules, as well as the
pre-discharge circuitry to allow 5V friendliness on the data bus.
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MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Field| PREDIS_EN RESERVED
HRESET 0000_0000_0000_0000
Addr 0x2F C038
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Field RESERVED
HRESET 0000_0000_0000_0000
Figure 2-3. Pads Module Configuration Register 2 (PDMCR2)
Table 2-5. PDMCR2 Field Descriptions
Bits Name Description

0 |PREDIS_EN |PREDIS_EN
0 Bus pre-discharge disabled

1 Bus pre-discharge enabled

1:31 — Reserved

2.4.1 JTAG / BDM

The MPC565 has five JTAG signals. The test data input (TDI) and test data output (TDO) scan ports are
used to scan instructions as well as data into the various scan registers for JTAG operations. The scan
operation is controlled by the test access port (TAP) controller which in turn is controlled by the test mode
select (TMS) input sequence. The scan data is latched at the rising edge of the test clock (TCK). JCOMP
enables JTAG functionality for the MPC565.

2.42 QSMCM and DLCMD2 (J1850) Modules

The MPC565 has two QSMCM modules: QSMCM A and QSMCM B. QSMCM A has identical function
to the MPC555/MPC556’s QSMCM A module. QSMCM B has its B_RXD2 and B_PCS3 signals muxed
with the signals of the DLCMD?2 (J1850) module. Signal muxing is controlled by PQSPAR[QPAPCS3] in
the QSMCM B module, according to Table 2-6. The muxed signals default to the DLCMD?2 function at
reset.

Because the normal function of the PCS signals within the QSMCM require that the QPAPCS3 bit be
written before the PCS signals are used, the muxing appears transparent to both the QSMCM B and the
DLCMD2 modules. However, only one of the modules, DLCMD2 or QSMCM B, can use the system
signals at the same time. Because of this muxed function on QSMCM B, the general-purpose input and
output functions are not available on the B_PCS3 and B_RXD?2 signals of the QSMCM B module.
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Table 2-6. DLCMD2 / QSMCM B SCI2 Signals Mux Control

QPAPCS3

. QSMCM B / DLCMD2 Signal Function Functioning Module
Bit Value

0 B_PCS3/J1850_TX signal assigned to J1850_TX. DLCMD2
B_RXD2 / J1850_RX signal assigned to J1850_RX.
Signals are assigned to DLCMD2 (J1850_TX and
J1850_RX)

1 B_PCS3/J1850_TX signal assigned to B_PCS3. QSMCM B
B_RXD2 / J1850_RX signal assigned to B_RXD2.
Signals are assigned to QSMCM B SCI2 (B_PCS3
and B_RXD2)

2.5 Reset State

During reset, a 130-pA (maximum) resistor “weakly pulls” all input signals, with the exception of the
power-supply and clock-related signals, to a value based on conditions described in Appendix F,
“Electrical Characteristics.” In reset state, all 1/0 signals become inputs, and all outputs (except for
CLKOUT, HRESET, and SRESET) are pulled only by the pull-up/pull-down.

2.5.1 Signal Functionality Configuration Out of Reset

The reset configuration word (RCW) defines the post-reset functionality of some multiplexed signals. For
details on these signals and how they are configured, refer to Section 7.5.2, “Hard Reset Configuration
Word.”

The 2.6-V bus related signals have selectable output buffer drive strengths that are controlled by the COMO
bit in the USIU’s system clock and reset control register (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)

2.5.2 Signal State During Reset

While HRESET is asserted, the reset-configuration value is latched from the data bus into various bits on
the part. The function of many signals depends upon the value latched. If the value on the data bus changes,
then the function of various signals may also change. This is especially true if the reset configuration word
(RCW) comes from the Flash, because the Flash does not drive the RCW until 256 clocks after the start of
HRESET. However, the signals must not cause any spurious conditions or consume an excessive amount
of power during reset. To prevent these conditions, the signals need to have a defined reset state. Table 2-7
describes the reset state of the signals based on signal functionality.

All signals are initialized to a “reset state” during reset. This state remains active until reset is negated or
until software disables the pull-up or pull-down device based on the signal functionality. Upon assertion
of the corresponding bits in the signal control registers and negation of reset, the signal acquires the
functionality that was programmed.
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2.5.3 Power-On Reset and Hard Reset

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

Upon assertion of the power-on reset signal (PORESET/TRST) the functionality of the signal is not yet

known to the RCPU. The weak pull-up or weak pull-down resistors are enabled. The reset configuration
word configures the system, and towards the end of reset the signal functionality is known. Based upon

the signal functionality, the pull-up or pull-down devices are either disabled immediately at the negation
of reset or remain enabled, as shown in Table 2-7.

Because hard reset can occur when a bus cycle is pending, the PDMCR bits that enable and disable the
pull-up or pull-down resistors are set or reset synchronously to eliminate contention on the signals.
(PORESET/TRST affects these bits asynchronously.)

2.5.4 Pull-Up/Pull-Down

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

The pull resistors are enabled and disabled by the corresponding bits in the PDMCR register in the USIU
(see Table 2-7). When those bits are negated (logic 0), the pull resistors are enabled. When asserted (logic
1), the devices are disabled.

2.5.4.2 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 pull-up device. The pull-down will be controlled by the
corresponding bits in the PDMCR register. When this bit is negated, the pull-down is enabled, when
asserted the pull-down will be disabled.

NOTE

All pull-up/pull-down devices are disabled when all the signals are forced
to three state in JTAG mode.

2.5.4.3 Special Pull Resistor Disable Control Functionality (SPRDS)

For the signals that support debug, opcode tracking, and bus control functionality, the pull resistors will be
controlled by the SPRDS bit in the PDMCR register. During reset this signal will be synchronously used
to enable the pull resistors in the pads. On negation of reset, based on which functionality is selected for
the signals, this signal is set to disable the pull resistors, or is continued to be held in its reset state to
indicate that the pulls are disabled only when the output driver is enabled.

25.4.4 Pull Device Select (PULL_SEL)

The MI10S14 and the TPU signals have selectable pull-up or pull-down devices. The devices are controlled
by the PULL_SEL signal. A high on the PULL_SEL signal enables pull-up devices on the MIOS14 and
TPU signals. A low enables pull-down devices. Note that the pull devices can be disabled by the
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PULL_DISO (MI0S14) and PRDS (TPU) bits in the PDMCR register. See Section 2.3, “Pad Module
Configuration Register (PDMCR).”

2.5.5 Signal Reset States

Table 2-7 summarizes the reset states of all signals on the MPC565. Note that PD refers to a weak
pull-down, PU2.6 refers to a weak pull-up to 2.6 V, and PUS5 refers to a weak pull-up to 5 V. All control of
the weak-pull devices is in the pad module configuration register, described in Table 2-4.

NOTE

2.6-V inputs are 5-V tolerant, but 2.6-V outputs are not. Do not connect
2.6-V outputs to a driver or pull-up greater than 3.1 V.

NOTE

Depending on the application, pins may require a pull-down resistor to
avoid getting any command due to noise.
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Table 2-7. MPC565/MPC566 Signal Reset State

Signal Descriptions

Pad Slew Rate Drive Hvsteresis Function After
Signal List’ Tvpe Voltage | Controlled | Load Reset State E);'nable d? HRESET,
yp Option? | (pF)? * | PORESET/TRST
USIu
ADDR][8:31] 26V No 50;25 |PD until reset No Controlled by SC
negates® bit in the reset
4 26v5vs 5 - - config word. See
SGPIOA[8:31] 5V Yes 50 ; 50° |PD until PRDS is No Table 6-10.
set
DATA[0:31]/ 26V No 50;25 |PD until reset No Controlled by SC
negate’®s bit in the reset
4 26v5vs 5 - - config word. See
SGPIOD[0:31] 5V Yes 50;50° |PD until PRDS is No Table 6-10.
set
IRQO / 26V No NA Pin floats during Yes IRQO
reset, an external
pullup is required
26v
SGPIOC0% / 26V6 No 50;25 |Pin floats during Yes
reset
IRQ1/ 26V No NA PD until reset Yes IRQ1
negates® ”
RSV/ 26V5vs 26V No 50;25 |PD until3reset Yes
negates
SGPIOC14 5V Yes 50;50° |PD until PRDS is Yes
set
IRQ2/ 2.6V No NA PD until reset Yes IRQ2
negates® ’
CR/ 26V No NA PD until reset No
26V5vs negates® 7
SGPIOC2 4/ 5V Yes 50 ; 50° | PD until PRDS is No
set
MTS 2.6V No 50 ;25 |PD until reset No
negates®
IRQ3/ 26V No NA PD until reset Yes IRQ3
negates® 7
KR/ 26V No 50 ;25 |PD when driver not No
8
26V5vs enabled
RETRY / 26V No 50; 25 |PD when driver not No
enabled 8
SGPIOC3 * 5V Yes 50;50° |PD until PRDS is No
set
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Table 2-7. MPC565/MPC566 Signal Reset State (continued)

Signal List

Pad
Type

Voltage

Slew Rate
Controlled
Option?

Drive
Load

(pF)?

Reset State

Hysteresis
Enabled?

Function After
HRESET,
PORESET/TRST

IRQ4 /

AT2/

SGPIOC4 4

26v5vs

26V

No

NA

PD until reset
negates® 7

Yes

26V

No

50;25

PD until reset
negates®

No

5V

Yes

50 ; 50°

PD until PRDS is
set

No

IRQ4

IRQ5° /

SGPIOC5 19/

MODCK1 1

26V

26V

No

NA

PU 2.6 until reset
negates

Yes

26V

No

50; 25

PU 2.6 until
SPULL_DISO is set

No

26V

No

NA

PU 2.6 until reset
negates

No

MODCKT until
reset negates,
then IRQ5

IRQ[6:7]°/

MODCK[2:3]"

26v

26V

No

NA

PU 2.6 until PRDS
is set?

Yes

26V

No

NA

PU 2.6 until reset
negates

No

MODCK]2:3] until
reset negates,
then IRQ[6:7]

TSIZ[0:1]10

26v

26V

No

50;25

PD when driver not
enabled or until
SPRDS is set

No

TSIZ[0:1]

RD/WR 10

26v

26V

No

50;25

PU 2.6 when driver
not enabled or until
SPRDS is set

No

RD/WR

BURST 10

26V

26V

No

50;25

PU 2.6 when driver
not enabled or until
SPRDS is set

No

BURST

BDIP 10

26V

26V

No

50;25

PU 2.6 when driver
not enabled or until
SPRDS is set

No

TS 10,12

26v

26V

No

50;25

PU 2.6 when driver
not enabled or until
SPRDS is set.

An external pull up
is required to
guarantee pin does
not assert between
bus cycles.

No

TA 10,12

26v

26V

No

50;25

PU 2.6 when driver
not enabled or until
SPRDS is set

No
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Table 2-7. MPC565/MPC566 Signal Reset State (continued)

Signal Descriptions

Pad Slew Rate Drive Hysteresis Function After
Signal List’ T Voltage | Controlled | Load Reset State Enabled? HRESET,
ype Option? | (pF)2 nabled? | PORESET/TRST
TEA 10 26v 26V No 50;25 |PU 2.6 when driver No TEA
not enabled or until
SPRDS is set
An external pull-up
is required to
negate the signalin
appropriate time.
OE 10 26v 26V No 50;25 |PU 2.6 until reset No OE
negates
26V No NA PU 2.6 when driver No RSTCONF until
RSTCONF / not enabled or until reset negates.
SPRDS is set Following reset,
TEXp 10,11 26v 26V No 50;25 No the function is
defined by the
RCTX bit in the
SIUMCR. See
Table 6-8.
BI 10/ 26V No 50;25 |PU 2.6 when driver No Controlled by
not enabled or until DBGC in the reset
STS 10 26v 26V N 5025 SPRDS is set. N configuration
: ° ; ° word. See
Table 6-8.
CS[0:3] 1° 26v 26V No 50;25 |PU 2.6 until reset No CS[0:3]
negates
WE[0:3] 10/ 26V No 50 ;25 |PU 2.6 when driver No Controlled by bit
not enabled or until ATWC (bit 12) of
BE(0:3] 10/ 26v 26V N ) SPRDS is set the reset
[0:3] 6 ° 50;25 No configuration
word. See
AT[0:3] 1° 26V No 50 ; 25 No |Table&-8.
System Control
PORESET / 26V No NA External pull-up Yes PORESET
——11 13 26v required
TRST'" 26V No NA Yes
HRESET"! 26vc | 2.6 V!4 No 50;25 |PU 2.6 when driver Yes HRESET
not enabled or until
SPRDS is set. An
external pull-up is
required in order to
negate the signalin
appropriate time.
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Table 2-7. MPC565/MPC566 Signal Reset State (continued)

Pad Slew Rate Drive Hvsteresis Function After
Signal List’ Tvpe Voltage | Controlled | Load Reset State E);'nable d? HRESET,
yp Option? | (pF)? * | PORESET/TRST
SRESET"! 26vc | 2.6 V!4 No 50;25 |PU 2.6 when driver Yes SRESET
not enabled or until
SPRDS is set. An
external pull-up is
required in order to
negate the signalin
appropriate time.
Development and Debug
SGPIOC6 4/ 5V Yes 50 ; 50% | PD until PRDS is No PTR
set
FRZ/ 26v5vs 26V No 50;25 |PD untiISreset No
negates
PTR 2.6V No 50 ;25 |PD until reset No
negates®
SGPIOC7 #/ 5V Yes 50 ; 50° | PD until PRDS is No LWPO
_ set
IRQOUT / o6vsvs | 26V No 50; 25 No
LWPO 26V No 50; 25 No
BG 0/ 26V No 50 ;25 |PU 2.6 when driver No Controlled by
10 - not enabled or until DBGC in reset
VFo ™/ 26v 26V No 50:25 | SpRDS is set No config word. See
Lwp1 10 26V No 50 ; 25 No  |Table6-8.
BR 10/ 26V No 50 ;25 |PU 2.6 when driver No Controlled by
10 - not enabled or until DBGC in reset
VF1 26v 26V No 50:25 | SpRDS is set No config word. See
Iwp2 10 26V No 50 ; 25 No  |Table6-8.
BB 19/ 26V No 50 ;25 |PU 2.6 when driver No Controlled by
10 - not enabled or until DBGC in reset
VF2 7/ 26v 26V No 50:25 | SpRDS is set No config word. See
IWpP3 10 26V No 50 ; 25 No  |Table6-8.
IWP[0:1] 0/ No 50;25 |Output only, no No Controlled by
26v 26V weak pull DBGC in the reset
110 - config word. See
VFLS[0:1] 26V No 50;25 No Table 6-8.
JTAG/BDM
TDI/ 26V No NA PU 2.6 until No Controlled by
SPULL_DISH is set JCOMP
26v
DSDI 26V No NA No
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Table 2-7. MPC565/MPC566 Signal Reset State (continued)

Signal Descriptions

Pad Slew Rate Drive Hvsteresis Function After
Signal List! Tvpe Voltage | Controlled | Load Reset State E);'nable d? HRESET,
yp Option? | (pF)? * | PORESET/TRST
TCK/ 26V No NA PD until No Controlled by
26V SPULL_DIS1 is set JCOMP
DSCK 26V No NA No
TDO 19/ 26V No 50 ;25 No Controlled by
10 26v — JCOMP
DSDO 26V No 50 ;25 No
JCOMP15 26v 26V No NA |PD Yes Controlled by
JCOMP
™S 26V 26V No NA PU 2.6 until No T™S
SPULL_DIS1 is set
READI
MSEI 26v 26V No NA PU 2.6 until Yes MSEI
PULL_DIS4 is set
VSEG 10 26v 26V No 50;25 |PU 2.6 while RSTI No MSEO
is asserted.
MCKO 10 26v 26V No 50;25 |PU 2.6 while RSTI No MCKO
is asserted.
MCKI 26v 26V No NA PU 2.6 until Yes MCKI
PULL_DIS4 is set
MDI[0:1] 26v 26V No NA PU 2.6 until Yes MDI[0:1]
PULL_DIS4 is set
MDOJ[0:3] 10 26v 26V No 50:25 |PU 2.6 while RSTI No MDOJ[0:3]
is asserted
RSTI 26v 26V No NA PD until Yes RSTI
PULL_DIS4 is set
EVTI 26v 26V No NA PU 2.6 until Yes EVTI
PULL_DIS4 is set
Clocks and PLL
XTAL! e xtal | 26V NA NA — NA XTAL
_oscpll
EXTALM e xtal | 26V NA NA — NA EXTAL
_oscpll
XFC xfc 26V NA NA — NA XFC
CLKOUT 10 26vf 26V No 90; 50 ; — No CLKOUT
EXTCLK!! extck | 2.6V NA NA — No EXTCLK

MPC565 Reference Manual, REV 2.2

Freescale Semiconductor

2-33




Signal Descriptions

Table 2-7. MPC565/MPC566 Signal Reset State (continued)

Pad Slew Rate Drive Hvsteresis Function After
Signal List! Tvpe Voltage | Controlled | Load Reset State E);'nable d? HRESET,
yp Option? | (pF)? * | PORESET/TRST
ENGCLK 4/ 26V/ No 50;25 — No ENGCLK (2.6 V)
26vs5vr 5V
BUCLK 26V No 50;25 — No
PULL_SEL'” 5vfa 5V No NA PUS5 until PRDS is No PULL_SEL
set
QSMCM A
A_PCS0/ 5V Yes 50;50 |PUS5 until No A_QGPIOO0
_ PULL_DIS1 is set
A_SS/ Svfa 5V Yes 50; 50 No
A_QGPIO0 5V Yes 50; 50 No
A_PCS[1:3]/ 5V Yes 50;50 |[PUS5 until No A_QGPIO[1:3]
5vfa PULL_DIS1 is set
A_QGPIO[1:3] 5V Yes 50 ;50 No
A_MISO/ 5V Yes 200 ; 50° | PU5 until No A_QGPIO4
5vh 5| PULL_DIS1 is set
A_QGPIO4 5V Yes 200 ; 50 No
A_MOSI / 5V Yes 200 ; 50° | PU5 until No A_QGPIO5
5vh 5| PULL_DIS1 is set
A_QGPIO5 5V Yes 200 ; 50 No
A_SCK/ 5V Yes 200 ; 50° | PU5 until No A_QGPIO6
5vh 5| PULL_DIS1 is set
A_QGPIO6 5V Yes 200 ; 50 No
A_TXD1/ 5V Yes 50;50° |PU5 until No A_QGPO1
Svsa 5| PULL_DIS1 is set
A_QGPO1 5V Yes 50; 50 No
A_TXD2/ 5V Yes 50;50 |[PUS5 until No A_QGPO2
5vfa PULL_DIS1 is set
A_QGPO2 5V Yes 50; 50 No
A_RXD[1:2]/ 5V No NA No A_QGPI[1:2]
5vido —
A_QGPI[1:2] 5V No NA No
QSMCM B
B_PCSO0/ 5V Yes 50;50 |[PUS5 until No B_QGPOO0O
__ PULL_DIS1 is set
B_SS/ Svia 5V Yes 50; 50 No
B_QGPIO0 5V Yes 50; 50 No
B_PCS[1:3]/ 5V Yes 50;50 |PUS5 until No B_QGPIO[1:3]
5vfa PULL_DIS1 is set
B_QGPIO[1:3] 5V Yes 50; 50 No
B_MISO / 5V Yes 200 ; 50° | PU5 until No B_QGPIO4
5vh 5 PULL_DIS1 is set
B_QGPIO4 5V Yes 200; 50 No
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Table 2-7. MPC565/MPC566 Signal Reset State (continued)

Signal Descriptions

Pad Slew Rate Drive Hvsteresis Function After
Signal List’ Tvpe Voltage | Controlled | Load Reset State E);'nable d? HRESET,
yp Option? | (pF)? * | PORESET/TRST
B_MQOSI / 5V Yes 200 ; 50° | PU5 until No B_QGPIO5
5vh 5 PULL_DIS1 is set
B_QGPIO5 5V Yes 200; 50 No
B_SCK/ 5V Yes 200 ; 50° | PU5 until No B_QGPIO6
5vh 5| PULL_DIS1 is set
B_QGPIO6 5V Yes 200; 50 No
B_TXD[1:2]/ 5V Yes 50;50° |PU5 until No B_QGPO[1:2]
Svsa 5| PULL_DIS1 is set
B_QGPO[1:2] 5V Yes 50; 50 No
B_RXD1/ 5V No NA No B_QGPI1
Svido _
B_QGPI1 5V No NA No
J_1850_TX/ 5V Yes 50;50 |[PUS5 until No J_1850_TX
5vfa PULL_DIS1 is set
B_PCS3 5V Yes 50; 50 No
J_1850_RX/ 5V No NA No J_1850_RX
Svsa _
B_RXD2 5V No NA No
B_ECK 5vfa 5V No NA PUS5 until No ECK
PULL_DIS1 is set
MIOS14
MDA[11:15], [27:31]| 5vsa 5V Yes 50; 50 [Pulldevice enabled Yes MDA[11:15],
until PULL_DISO0 is [27:31]
set!8
MPWMIO0:3], [16:19] | 5vsa 5V Yes 50 ;50 |Pulldeviceenabled Yes MPWMIO0:3],
until PULL_DISO is [16:19]
set'8
VF[O:2]/ 2.6V No 50; 25 |Pull down until Yes MPIO32BJ[0:2]
26v5vs PULL_DISO is set
MPI032B[0:2] 4 5V Yes 50 ; 50° No
VFLS[O:l]’ 26V No 50; 25 |Pull down until Yes MPI0O32BJ[3:4]
26v5vs PULL_DISO is set
MPIO32B[3:4] 4 5V Yes 50 ; 50° No
MPWM[4:5] / 5V Yes 50 ;50 |Pulldevice enabled Yes MPIO32BI[5:6]
5vsa 5 until PULL_DISO is
MPIO32BI[5:6] 5V Yes 50; 50 set'8 Yes
MDO[7:4]/ 26V No 50;25 |Pull down until Yes Controlled by
4 26v5vs 5 PULL_DISO is set READI enable
MPWM[20:21] / 5V Yes 50;50 |Pulldeviceenabled Yes MPI1032B[11:12]
Svsa 5] until PULL_DISO is
MPIO32B[11:12] 5V Yes 50; 50 set'8 Yes
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Table 2-7. MPC565/MPC566 Signal Reset State (continued)

Pad Slew Rate Drive Hvsteresis Function After
Signal List’ Tvpe Voltage | Controlled | Load Reset State E);'nable d? HRESET,
yp Option? | (pF)? * | PORESET/TRST
MPIO32B15 Bvsa 5V Yes 50 : 50° | Pull device enabled Yes MPIO32B15
until PULL_DISO is
set!8
EXTAL32 e_xtal 26V NA NA — NA EXTAL32
_osc32
XTAL32 e_xtal 26V NA NA — NA XTAL32
_osc32
VDDRTC xfc 26V NA NA — — VDDRTC
VSSRTC vsssyn ov NA NA — — VSSRTC
TPUA/TPUB/TPUC
A_TPUCHI0:15] Svsa 5V Yes 50 ; 50° | Pull device enabled Yes A_TPUCH]I0:15]
until PRDS is set'8
A_T2CLK Svsa 5V Yes 50 : 50° Pullup enabled No A_T2CLK
until T2CLK_PU is
set
B_TPUCH[0:15] 5vsa 5V Yes 50 ; 50° | Pull device enabled Yes B_TPUCH][0:15]
until PRDS is set'®
B_T2CLK 5vsa 5V Yes 50 ; 50° | Pullup enabled No B_T2CLK
until T2CLK_PU is
set
C_TPUCHI[0:15] Svsa 5V Yes 50 ; 50° | Pull device enabled Yes C_TPUCHIJ0:15]
until PRDS is set'8
C_T2CLK Svsa 5V Yes 50 ; 50° | Pullup enabled No C_T2CLK
until T2CLK_PU is
set
QADCG64E A/ QADC64E B
ETRIG[1:2] 5vsa 5V No NA PD until Yes ETRIG[1:2]
PULL_DIS5 is set
A_AN44/ 5V No NA PU5 when driver No A_AN44
not enabled or until
A_ANw/ svsa | OV No NA | pULL_DIS2 is set No
A_PQBO 5V Yes 50 ; 50° Yes
A_AN45/ 5V No NA PU5 when driver No A_AN45
not enabled or until
A_ANX/ svsa | OV No NA | pULL_DIS2 is set No
A_PQB1 5V Yes 50 ; 50° Yes
A_AN46/ 5V No NA PU5 when driver No A_AN46
not enabled or until
A_ANy/ svsa | OV No NA | pULL_DIS2 is set No
A_PQB2 5V Yes 50 ; 50° Yes

MPC565 Reference Manual, REV 2.2

2-36

Freescale Semiconductor



Table 2-7. MPC565/MPC566 Signal Reset State (continued)

Signal Descriptions

Pad Slew Rate Drive Hvsteresis Fuwﬂer
Signal List! Voltage | Controlled | Load Reset State y HRESET,
Type Enabled? | caccacrrsas
Option? (pF)? * | PORESET/TRST
A_AN47/ 5V No NA PU5 when driver No A_AN47
not enabled or until
A_ANz/ svsa | °V No NA I pULL_DIS2 is set No
A_PQB3 5V Yes 50 ; 50° Yes
A_AN[48:51])/ 5V No NA PU5 when driver No A_AN[48:51]
A_PQBI4:7] Svsa Py Yes 50 - 50° not enabled (_)r until Yes
— : ’ PULL_DIS2 is set
A_AN[52:54)/ 5V No NA PU5 when driver No A_AN[52:54]
not enabled or until
A_MA[0:2)/ svsa | °V No NA I pULL_DIS2 is set Yes
A_PQA[0:2] 5V Yes 50 ; 50° Yes
A_ANI[55:59)/ 5V No NA PU5 when driver No A_AN[55:59]
A_PQA[3:7] Svsa .y Yes 50 - 50° not enabled Qr until Yes
- ' ’ PULL_DIS2 is set
A_AN[64:71) 5V No NA PU5 when driver No A_AN[64:71]
B_PQBI[0:7] Svsa .y Yes 50 - 50° not enabled c_:r until Yes
_ : ’ PULL_DIS2 is set
A_AN[72:74)/ 5V No NA PU5 when driver No A_AN[72:74]
not enabled or until
B_PQA[0:2] svsa | 0V No NA | pULL_DIS2 is set Yes
B_MA[0:2] 5V Yes 50 ; 50° Yes
A_AN[75:79])/ 5V No NA PU5 when driver No A_AN[75:79]
not enabled or until
. . 205
B_PQA[3:7] 5vsa 5V Yes 50; 50 PULL_DIS2 is set Yes
A_ANI[80:87] 5V No NA — No A_ANI[80:87]
TOUCAN A/ TOUCAN B/ TOUCANC
A_CNTX0 5vfa 5V Yes 50;50'° | PU5 until No A_CNTX0
PULL_DIS3 is set
B_CNTX0 5vfa 5V Yes 50 ; 50 '° | PU5 until No B_CNTX0
PULL_DISS is set
A_CNRXO0 5vsa 5V No NA PUS5 until Yes A_CNRXO0
PULL_DISS is set
B_CNRXO0 Svsa 5V No NA PUS5 until Yes B_CNRXO0
PULL_DIS3 is set
MPIO32B13/ 5V Yes 50 ; 50 19 | Pull device enabled Yes MPIO32B13
5vfa until PULL_DISS is
set!8
C_CNTX0 5V Yes 50 ;50 19 No
MPI1032B14/ 5V Yes 50:50° |Pulldevice enabled Yes MPIO32B14
Svsa until PULL_DISS is
set!8
C_CNRXo0 5V No NA Yes
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Table 2-7. MPC565/MPC566 Signal Reset State (continued)

Slew Rate Drive . Function After
Signal List’ .If;, ap‘l Voltage | Controlled Loag Reset State I-Ilsy;sgg:-::!?s HRESET,
Option? | (pF) PORESET/TRST
UC3F Flash
EPEE 26v 26V No NA PU2.6 No EPEE
BOEPEE 26v 26V No NA PU2.6 No BOEPEE
UC3F Power Supplies
VFLASH vflashvr 5V — — — — VFLASH
h
VDDF vddint 26V — — — — VDDF
VSSF vssint oV — — — — VSSF
Global Power Supplies
VDDSRAM[1:3] vddint 2.6V — — — — VDDSRAM
NVDDL nvddl 26V — — — — NVDDL
VDDH vddh 5V — — — — VDDH
VDD vddint 26V — — — — VDDI
VSS VSS oV — — — — VSS
KAPWR! kapwr | 2.6V — — — — KAPWR
QVvDDL qvddl 26V — — — — QVvDDL
USIU Power Supplies
VDDSYN vddint 26V — — — — VDDSYN
VSSSYN vsssyn | 2.6V — — — — VSSSYN
QADCG64E Power Supplies
VRH vflashvr 5V — — — — VRH
h
VRL vssint ov — — — — VRL
ALTREF vilashvr 5V — — — — ALTREF
h
VDDA vdda 5V — — — — VDDA
VSSA vssint ov — — — — VSSA

T 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.

8 During reset, the output enable to the pad driver is negated and the PD is active. After reset is negated, the PD is
disabled.
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Care should be taken that neither a pull-up to greater than 3.1 V or an external output that can drive greater than 3.1 V
is connected to this pin while the 2.6-V driver is enabled.

For this 5-V output, a drive load of 200 pf is possible but with a rise/fall time of 300 ns.
SGPIO[0] was 5 V on mask set K85H.
This pin requires a pull-up to 2.6 V if interrupts are ever enabled for this IRQ input.

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.

9 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.

102 6-v outputs cannot be connected to a pull-up or driver greater than 3.1 V.
™ These pins are powered by KAPWR (keep-alive power supply). Any pull-ups on these pins should pull up to KAPWR.

12 This pin is an active negate signal and requires an external pull-up resistor. On 26v5vs pads, hysteresis is always
enabled on the 5-V input buffer, and hysteresis affects only the 2.6-V input buffers on which hysteresis is enabled.

3 This pin was PORESET only on mask set K85H.

4 This pin is 5-V tolerant, even when in output mode.

15 This pin was TRST in mask set K85H.

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

7 This pin was A_ECK in mask set K85H.

8 Whether the Pull device is a pull-up or a pull-down is determined by the state of the PULL_SEL pin.
19 For this 5-V output, a drive load of 200 pf is possible, but with a rise/fall time of 100ns.

©® N o O
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Chapter 3
Central Processing Unit

The RISC processor (RCPU) used in the MPC500 family of microcontrollers integrates five independent
execution units: an integer unit (1U), a load/store unit (LSU), a branch processing unit (BPU), a
floating-point unit (FPU) and an integer multiplier divider (IMD). The RISC’s use of simple instructions
with rapid execution times yields high efficiency and throughput for PowerPC ISA-based systems.

Most integer instructions execute in one clock cycle. Instructions can complete out of order for increased
performance; however, the processor makes execution appear sequential.

This section provides an overview of the RCPU. For a detailed description of this processor, refer to the
RCPU Reference Manual. The following sections describe each block and sub-block.

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

Major features of the RCPU include:
» High-performance microprocessor
— Single clock-cycle execution for many instructions
* Five independent execution units and 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 single- and double-precision operations except as
noted in Section 3.4.4, “Floating-Point Unit (FPU),” or refer to the RCPU Reference Manual.
— 32 general-purpose registers (GPRs) for integer operands
— 32 floating-point registers (FPRs) for single- or 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-ahead operations performed by BPU
— Branch-folding capability during execution (zero-cycle branch execution time)
— Programmable static branch prediction on unresolved conditional branches
— A pre-fetch queue that can hold up to four instructions, providing look-ahead capability
— Interlocked pipelines with feed-forwarding that control data dependencies in hardware
» Class code compression model support

— Efficient use of internal Flash (MPC564) and external Flash (MPC562/MPC564) by increasing
code density up to 100%

3.3 Instruction Sequencer

The instruction sequencer provides centralized control over data flow between execution units and register
files. It implements the basic instruction pipeline, fetches instructions from the memory system, issues
them to available execution units, and maintains a state history that is used to back up the machine in the
event of an exception.

The instruction sequencer fetches instructions from the burst buffer controller into the instruction pre-fetch
queue. The BPU extracts branch instructions from the pre-fetch queue and, using branch prediction on
unresolved conditional branches, allows the instruction sequencer to fetch instructions from a predicted
target stream while a conditional branch is evaluated. The BPU folds out branch instructions for
unconditional or conditional branches unaffected by instructions in the execution stage.

Instructions issued beyond a predicted branch do not complete execution until the branch is resolved,
preserving the programming model of sequential execution. If branch prediction is incorrect, the
instruction unit flushes all predicted path instructions, and instructions are issued from the correct path.
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3.4 Independent Execution Units

The PowerPC ISA architecture provides independent floating-point, integer, load/store, and branch
processing execution units, making it possible to implement advanced features such as look-ahead
operations. For example, since branch instructions do not depend on GPRs, branches can often be resolved

early, eliminating stalls caused by taken branches.

Table 3-1 summarizes 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.
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Table 3-1. RCPU Execution Units (continued)

Unit Description

Integer unit (1U) 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 these execution units in greater detail.

3.4.1 Branch Processing Unit (BPU)

The BPU, located within the instruction sequencer, performs condition register look-ahead operations on
conditional branches. The BPU looks through the instruction queue for a conditional branch instruction
and attempts to resolve it early, achieving the effect of a zero-cycle branch in many cases.

The BPU uses a bit in the instruction encoding to predict the direction of the conditional branch. Therefore,
when it encounters an unresolved conditional branch instruction, the processor pre-fetches instructions
from the predicted target stream until the conditional branch is resolved.

The BPU uses a calculation feature to compute branch target addresses with three special-purpose,
user-accessible registers: the link register (LR), the count register (CTR), and the condition register (CR).
The BPU calculates the return pointer for a subroutine, then calls and saves it into the LR. The LR also
contains the branch target address for the branch conditional to link register (bclrx) instruction. The CTR
contains the branch target address for the branch conditional to count register (bcctrx) instruction. The
contents of the LR and CTR can be copied to or from any GPR. Because the BPU uses dedicated registers
rather than general-purpose or floating-point registers, execution of branch instructions is independent
from execution of integer instructions. The CR bits indicate conditions that may result from the execution
of relevant instructions.

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

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

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

The U also includes the integer exception register (XER) and the general-purpose register file.

IMUL-IDIV and ALU-BFU are implemented as separate execution units. The ALU-BFU unit can
execute one instruction per clock cycle. IMUL-IDIV instructions require multiple clock cycles to execute.
IMUL-IDIV is pipelined for multiply instructions, so that consecutive multiply instructions can be issued
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on consecutive clock cycles. Divide instructions are not pipelined; an integer divide instruction preceded
or followed by an integer divide or multiply instruction results in a processor-pipeline stall. However, since
IMUL-IDIV and ALU-BFU are implemented as separate execution units, an integer divide instruction
preceded or followed by an ALU-BFU instruction does not cause a delay in the pipeline.

3.4.3 Load/Store Unit (LSU)

The load/store unit handles all data transfer between the general-purpose register file and the internal
load/store bus (L-bus). The load/store unit is implemented as an independent execution unit so that stalls
in the memory pipeline do not stall the master instruction pipeline (unless there is a data dependency). The
unit is fully pipelined so that memory instructions of any size may be issued on back-to-back cycles.

There is a 32-bit wide data path between the load/store unit and the general-purpose register file.
Single-word accesses can be achieved with an internal on-chip data RAM, resulting in a two-clock latency.
Double-word accesses require two clocks, resulting in a three-clock latency. Since the L-bus is 32 bits
wide, double-word transfers require two bus accesses. The load/store unit performs zero-fill for byte and
half-word transfers and sign extension for half-word transfers.

Addresses are formed by adding the source-one register operand specified by the instruction (or zero) to
either a source-two register operand or to a 16-bit, immediate value embedded in the instruction.

3.4.4 Floating-Point Unit (FPU)

The FPU contains a double-precision multiply array, the floating-point status and control register
(FPSCR), and the FPRs. The multiply-add array allows the RCPU to efficiently implement floating-point
operations such as multiply, multiply-add, and divide.

The RCPU depends on a software envelope to fully implement the IEEE floating-point specification.
Overflows, underflows, NaNs (not a number), and denormalized numbers cause floating-point assist
exceptions that invoke a software routine to deliver (with hardware assistance) the correct IEEE result.

To accelerate time-critical operations and make them more deterministic, the RCPU provides a mode of
operation that avoids invoking a software envelope and attempts to deliver results in hardware that are
adequate for most applications, if not in strict compliance with IEEE standards. In this mode, denormalized
numbers, NaNs, and IEEE invalid operations are legitimate, returning default results rather than causing
floating-point assist exceptions.

3.5 Levels of the PowerPC ISA Architecture

The PowerPC ISA architecture consists of three levels:

» User instruction set architecture (UISA) — defines the base user-level instruction set, user-level
registers, data types, floating-point exception model, memory models for a uniprocessor
environment, and programming model for a uniprocessor environment.

* Virtual environment architecture (VEA) — describes the memory model for a multiprocessor
environment, and describes other aspects of virtual environments.
Implementations that conform to the VEA also adhere to the UISA, but may not necessarily adhere
to the OEA.
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» Operating environment architecture (OEA) — defines the memory-management model,
supervisor-level registers, synchronization requirements, and the exception model.
Implementations that conform to the OEA also adhere to the UISA and the VEA.

Adherence to the PowerPC ISA architecture can be measured in terms of which of the levels are
implemented.

3.6 RCPU Programming Model

The PowerPC ISA architecture defines register-to-register operations for most computational instructions.
Source operands for these instructions are accessed from the registers or are embedded in the instruction
opcode. The three-register instruction format allows specification of a target register distinct from the two
source operands. Load and store instructions transfer data between memory and on-chip registers.

PowerPC ISA-compliant processors have two levels of privilege: supervisor mode (typically used by the
operating environment) and user mode (used by the application software). The programming model
incorporates 32 GPRs, special-purpose registers (SPRs), and several miscellaneous registers.

Supervisor-level access is provided through the processor’s exception mechanism. That is, when an
exception is taken (whether automatically, because of an error or problem that needs to be serviced, or
deliberately, as in the case of a trap instruction), the processor begins operating in supervisor mode. The
access level is indicated by the privilege-level (PR) bit in the machine state register (MSR).

Figure 3-3 illustrates the user-level and supervisor-level RCPU programming models and the three levels
of the PowerPC ISA architecture. Note that registers such as the general-purpose registers (GPRs) are
accessed through operands that are part of the instructions. Registers can be accessed explicitly through
specific instructions such as move to special-purpose register (mtspr) or move from special-purpose
register (mftspr), or implicitly as part of an instruction’s execution. Some registers are accessed both
explicitly and implicitly.
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FPRO
FPR1
[ ]
[ ]
[ ]
FPR31
0 63
GPRO Condition
GPR1 Register
. | CR |
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° 0 31
GPR31
0 31 Floating-Point Status

and Control Register

FPSCR

0 31

User-Level SPRs

Integer Exception Register (XER)
Link Register (LR)
Count Register (CTR)
0 31

USER MODEL VEA

Time Base Facility (for Reading)

Time Base Lower — Read (TBL)
Time Base Upper — Read (TBU)

/f USER MODEL UISA \\

SUPERVISOR MODEL OEA

Machine State Register

MSR

Supervisor-Level SPRs

31

See Table 3-2 for list of
supervisor-level SPRs.

Development Support SPRs

31

See Table 3-3 for list of
development-support SPRs.

- /

\ /

31

Figure 3-3. RCPU Programming Model
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Table 3-2 lists the MPC565 supervisor-level registers; refer also to Chapter 6, “System Configuration and
Protection,” Chapter 11, “L-Bus to U-Bus Interface (L2U),” and Chapter 4, “Burst Buffer Controller 2
Module,” 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 (SRRO),” 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)"
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 (SPRGO)'
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)'
See Table 4-4 for bit descriptions.

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

784 L2U Region Base Address Register 0 (L2U_RBA0)'
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 0 (MI_RAO)1. See
Table 4-6 for bits descriptions.

817 IMPU Region Attribute Register 1 (MI_RA1)'. See
Table 4-6 for bits descriptions.

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

819 IMPU Region Attribute Register 3(MI_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)'
See Table 11-8 for bit descriptions.

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

824 L2U Region Attribute Register 0 (L2U_RA0)'
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)1

See Section 3.9.10.2, “Floating-Point Exception Cause

Register (FPECR),” for bit descriptions.

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

architecture.

Table 3-3 lists 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 22-17 for bit descriptions.

145

Comparator B Value Register (CMPB)
See Table 22-17 for bit descriptions.

146

Comparator C Value Register (CMPC)
See Table 22-17 for bit descriptions.

147

Comparator D Value Register (CMPD)
See Table 22-17 for bit descriptions.

148

Exception Cause Register (ECR)
See Table 22-18 for bit descriptions.

149

Debug Enable Register (DER)
See Table 22-19 for bit descriptions.

150

Breakpoint Counter A Value and Control (COUNTA)
See Table 22-20 for bit descriptions.

151

Breakpoint Counter B Value and Control (COUNTB)
See Table 22-21 for bit descriptions.

152

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

153

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

154

Comparator G Value Register (CMPG)
See Table 22-23 for bit descriptions.

155

Comparator H Value Register (CMPH)
See Table 22-23 for bit descriptions.

156

L-bus Support Comparators Control 1 (LCTRL1)
See Table 22-24 for bit descriptions.

157

L-bus Support Comparators Control 2 (LCTRL2)
See Table 22-25 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 22-26 for bit descriptions.

159 Breakpoint Address Register (BAR)
See Table 22-28 for bit descriptions.

630 Development Port Data Register (DPDR)
See Section 22.6.13, “Development Port Data Register
(DPDR),” for bit descriptions.

Al development-support SPRs are implementation-specific.

Unless otherwise noted, reserved fields should be written with a zero when written and return zero when
read. An exception to this rule is XER[16:23]; see Section 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 be accessed by either user- or supervisor-level instructions. The general-purpose
registers are accessed through instruction operands.

3.7.1 General-Purpose Registers (GPRs)

Integer data is manipulated in the integer unit’s thirty-two 32-bit GPRs, shown below. These registers are
accessed as source and destination registers through operands in the 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 provides 32 64-bit FPRs. These registers are accessed as source and
destination registers through operands in floating-point instructions. Each FPR supports the
double-precision, floating-point format. Every instruction that interprets the contents of an FPR as a
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floating-point value does so using the double-precision floating-point format. Therefore, all floating-point
numbers are stored in double-precision format.

All floating-point arithmetic instructions operate on data located in FPRs and, with the exception of the
compare instructions (which update the CR), place the result into an FPR. Information about the status of
floating-point operations is placed into the floating-point status and control register (FPSCR) and in some
cases, after the completion of the operation’s writeback stage, into the CR. For information on how the CR
is affected by floating-point operations, see Section 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-point exceptions and records status resulting from the
floating-point operations. FPSCR[0:23] are status bits. FPSCR[24:31] are control bits.

FPSCR[0:12] and FPSCR[21:23] are floating-point exception condition bits. These bits are sticky, except
for the floating-point enabled exception summary (FEX) and floating-point invalid operation exception
summary (VX). Once set, sticky bits remain set until they are cleared by an mcrfs, mtfsfi, mtfsf, or mtfsbO
instruction.

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

Table 3-4. FPSCR Bit Categories

Bits Type

[01, [3:12], [21:28] Status, sticky

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

[24:31] Control

FEX and VX are the logical ORs of other FPSCR bits. Therefore these two bits are not listed among the
FPSCR bits directly affected by the various instructions.
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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 bit settings is shown in Table 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 FPSCRI[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
mecrfs instruction implicitly clears FPSCRI[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
FPSCRI[VX]if the result of the logical OR described above becomes zero. The
mtfsf, mtfsfi, mtfsb0, and mtfsb1 instructions cannot set or clear FPSCR[VX]
explicitly.
3 OX Floating-point overflow exception. Sticky bit
4 UXx 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 < - . Sticky bit
9 VXIDI Floating-point invalid operation exception for co/c. Sticky bit
10 VXZDZ | Floating-point invalid operation exception for 0/0. Sticky bit
11 VXIMZ | Floating-point invalid operation exception for « x 0. Sticky bit
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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 frsqrte, 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 3-6 illustrates the floating-point result flags 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) is a 32-bit register that reflects the result of certain operations and provides a
mechanism for testing and branching. The bits in the CR are grouped into eight 4-bit fields: CRO to CR7.

MSB LSB

0 123 456 7 89 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 an instruction (mtcrf) to move to the CR from a GPR.
» Specified fields of the CR can be moved from one CRXx field to another with the mcrf instruction.
» A specified field of the CR can be set by an instruction (mcrxr) to move to the CR from the XER.

» Condition register logical instructions can be used to perform logical 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 explicit result of an integer compare instruction.

Instructions are provided to test individual CR bits.

3.7.4.1 Condition Register CRO Field Definition

In most integer instructions, when the CR is set to reflect the result of the operation (that is, when Rc = 1),
and for addic., andi., and andis., the first three bits of CRO are set by an algebraic comparison of the result
to zero; the fourth bit of CRO is copied from XER[SO]. For integer instructions, CRO[0:3] are set to reflect
the result as a signed quantity. The EQ bit reflects the result as an unsigned quantity or bit string.

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

3.74.2 Condition Register CR1 Field Definition

In all floating-point instructions when the CR is set to reflect the result of the operation (that is, when Rc
= 1), the CR1 field (bits 4 to 7 of the CR) is copied from FPSCR[0:3] to indicate the floating-point
exception status. For more information about the FPSCR, see Section 3.7.3, “Floating-Point Status and
Control Register (FPSCR).” The bit settings for the CR1 field are shown in Table 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 by a compare instruction, the bits of the specified field are interpreted as
shown in Table 3-9. A condition register field can also be accessed 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).

' 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), SPR 1, is a user-level, 32-bit register.

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| 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 descriptions for XER, shown in Table 3-10, are based on the operation of an instruction considered
as a whole, not on intermediate results. For example, the result of the subtract from carrying (subfcx)
instruction is specified as the sum of three values. This instruction sets bits in the XER based on the entire
operation, not on an intermediate sum.

In most cases, reserved fields in registers are ignored when written to and return zero when read. However,
XER[16:23] are set to the value written to them 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 0 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), SPR 8, supplies the branch target address for the branch conditional to link register
(bclrx) instruction, and can be used to hold the logical address of the instruction that follows a branch and
link instruction.

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

Both conditional and unconditional branch instructions include the option of placing the effective address
of the instruction after the branch instruction in the LR. 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 hold a loop count that can be decremented during execution
of branch instructions with an appropriately coded BO field. If the value in CTR is 0 before being
decremented, it is —1 afterward. The count register provides the branch target address for the branch
conditional to count register (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 architecture (VEA) defines registers in addition to the UISA register set. The
VEA register set can be accessed by all software with either user- or supervisor-level privileges. Refer to
Section 6.1.7, “Time Base (TB),” for more information.

3.9 OEA Register Set

The operating environment architecture (OEA) includes a number of SPRs and other registers that are
accessible only by supervisor-level instructions. Some SPRs are RCPU-specific; some RCPU SPRs may
not be implemented in other PowerPC ISA processors, or may not be implemented in the same way.

3.9.1 Machine State Register (MSR)

The machine state register is a 32-bit register that defines the state of the processor. When an exception
occurs, the contents of the MSR are loaded into SRR1, and the MSR is updated to reflect the
exception-processing machine state. The MSR can also be modified by the mtmst, sc, 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)

T This bit is available only on code compression-enabled options of the MPC565.

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).”

8 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 3-11 shows 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 . 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) 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 IP 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 OxFFFO 0000.

26 IR 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_COMPY)).

Note: This bit should not be set for the MPC565.

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 MPC565. This bit should be cleared to 0 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 mode bits are interpreted as shown in Table 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 cause of data access and alignment exceptions.

MSB LSB
0 123 456 7 8 9 1011 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, see Section 3.15.4.2, “Machine Check Exception (0x0200),”
Section 3.15.4.6, “Alignment Exception (0x00600),” and 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 DAR, SPR 19, is set to the effective address of a load or store element.

MSB LSB
0 123 4586 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)

3.9.4 Time Base Facility (TB) — OEA

Refer to Section 6.1.7, “Time Base (TB),” for information.

3.9.5 Decrementer Register (DEC)

Refer to Section 6.1.6, “Decrementer (DEC),” for information.

3.9.6 Machine Status Save/Restore Register 0 (SRRO0)

The machine status save/restore register 0 (SRR0), SPR 26, identifies where instruction execution should
resume when an rfi instruction is executed following an exception. It also holds the effective address of
the instruction that follows the system call (sc) instruction.

MSB LSB
0 123 456 7 89 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 (SRR0)

When an exception occurs, SRRO is set to point to an instruction such that all prior instructions have
completed execution and no subsequent instruction has begun execution. The instruction addressed by
SRRO0 may not have completed execution, depending on the exception type. SRRO addresses either the
instruction causing the exception or the instruction immediately following. 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 (SRR1), SPR 27, saves the machine status on exceptions and
restores the machine status when an rfi instruction is executed.
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MSB LSB
0 1 23 456 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[0:15] are loaded with exception-specific information, and
MSR[16:31] are placed into SRR1[16:31].

3.9.8 General SPRs (SPRG0-SPRG3)

SPRGO-SPRG3, SPRs 272-275, are provided for general operating system use, such as fast-state saves
and multiprocessor-implementation support. SPRG0-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 3t

SPRGO
SPRG1
SPRG2
SPRG3

Reset Unchanged

Figure 3-16. SPRG0-SPRG3 — General Special-Purpose Registers 0-3

Uses for SPRG0-SPRG3 are shown in Table 3-13.
Table 3-13. Uses of SPRG0-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 register that identifies the version and revision level of the processor. The
contents of the PVR can be copied to a GPR by the mfspr instruction. Read access to the PVR is available
in supervisor mode only; write access is not provided.

MSB LSB
0 1234586 7 89 1011 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
MPC565RCPU value is 0x0002.

16:31 REVISION | A 16-bit number that distinguishes between various releases of a particular version. The
MPC565RCPU value is 0x0020.

3.9.10 Implementation-Specific SPRs

The MPC565 includes several implementation-specific SPRs that are not defined by the PowerPC ISA
architecture. These registers, listed in Table 3-2 and Table 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: External Interrupt Enable (EIE), External Interrupt Disable (EID), and
Non-recoverable Interrupt (NRI). Issuing the mtspr instruction with one of these registers as an operand
causes the Rl and EE bits to be set or cleared as shown in Table 3-15.

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

S?:e':il:nn;?)er Mnemonic | MSR[EE] | MSRIRI]
80 EIE 1 1
81 EID 0 1
82 NRI 0 0

A read (mfspr) of any of these locations is treated as an unimplemented instruction, resulting 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 internal status and control register used by the user’s
floating-point assist software envelope. It contains four status bits that indicate whether the result of the
operation is tiny and whether any of three source operands are denormalized. In addition, it contains one
control bit to enable or disable SIE mode. This register 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 bit settings is shown in Table 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 instruction before reading the FPECR.

3.9.10.3 Additional Implementation-Specific Registers

Refer to the following sections for details on additional implementation-specific registers in the MPC565:
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» Section 4.6, “BBC Programming Model”

» Section 6.2.2.1.2, “Internal Memory Map Register (IMMR)”
» Section 11.8, “L2U Programming Model”

» Chapter 22, “Development Support”

3.10 Instruction Set

All PowerPC ISA instructions are encoded as single words (32 bits) and are consistent among all
instruction types. The fixed instruction length and consistent format simplify instruction pipelining and
permit efficient decoding to occur in parallel with operand accesses.
The PowerPC ISA instructions are divided into the following categories:
» Integer instructions, which include computational and logical instructions

— Integer arithmetic instructions

— Integer compare instructions

— Integer logical instructions

— Integer rotate and shift instructions

» Floating-point instructions, which include floating-point computational instructions, as well as
instructions that affect the floating-point status and control register (FPSCR)

— Floating-point arithmetic instructions
— Floating-point multiply/add instructions
— Floating-point rounding and conversion instructions
— Floating-point compare instructions
— Floating-point status and control instructions
» Load/store instructions., which include integer and 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 construct atomic memory operations (lwarx and stwcx. instructions)

» Flow control instructions, which include branching instructions, condition register logical
instructions, trap instructions, and other instructions that affect the instruction flow

— Branch and trap instructions
— Condition register logical instructions
» Processor control instructions, which are used for synchronizing memory accesses.
— Move to/from SPR instructions
— Move to/from MSR
— Synchronize
— Instruction synchronize
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NOTE

This grouping of the instructions does not indicate which execution unit
executes a particular instruction or group of instructions.

Integer instructions operate on byte, half-word, and word operands. Floating-point instructions operate on
single-precision (one word) and double-precision (one double word) floating-point operands. The
PowerPC ISA architecture uses instructions that are four bytes long and word-aligned. It provides for byte,
half-word, and word operand loads and stores between memory and a set of 32 GPRs.

Computational instructions do not modify memory. To use a memory operand in a computation and then
modify the same or another memory location, the memory contents must be loaded into a register,
modified, and then written back to the target location with distinct instructions.

PowerPC ISA-compliant processors follow the program flow when they are in the normal execution state.
However, the flow of instructions can be interrupted directly by the execution of an instruction or by an
asynchronous event. Either kind of exception may cause one of several components of the system software
to be invoked.

3.10.1 Instruction Set Summary

Table 3-17 provides a summary of RCPU instructions. Refer to the RCPU Reference Manual for 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,UIMM AND Immediate
andis. rA,rS,UIMM AND Immediate Shifted
b (ba bl bla) target_addr Branch
bc (bca bcl bcla) BO,Bl,target_addr Branch Conditional
beetr  (bectrl) BO,BI Branch Conditional to Count Register
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Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name
belr  (belrl) 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,rB 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  (fctiw.) 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)
fmadds (fmadds.) frD,frA,frC,frB Floating Multiply-Add Single
fmr  (fmr.) frD,frB Floating Move Register

MPC565 Reference Manual, REV 2.2

Freescale Semiconductor

3-29



Central Processing Unit

Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name

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

fnrmadd (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

lbzx 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

Ihax rD,rA,rB Load Half-Word Algebraic Indexed

Ihbrx rD,rA,rB Load Half-Word Byte-Reverse Indexed

MPC565 Reference Manual, REV 2.2

3-30 Freescale Semiconductor



Central Processing Unit

Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name
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
lwbrx 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 crfiD Move to Condition Register from XER
mfcr D Move from Condition Register
mffs (mffs.) frD Move from FPSCR
mfmsr rD Move from Machine State Register
mfspr rD,SPR Move from Special Purpose Register
mftb D, TBR Move from Time Base
mtcrf CRM,rS Move to Condition Register Fields
mtfsb0 (mtfsbO.) crbD Move to FPSCR Bit 0
mtfsb1 (mtfsb1.) crbD Move to FPSCR Bit 1
mtfsf (mtfsf.) FM,frB Move to FPSCR Fields
mtfsfi  (mtfsfi.) crfb,IMM Move to FPSCR Field Immediate
mtmsr rS Move to Machine State Register
mtspr SPR,rS 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
mullw  (mullw. mullwo mullwo.) rD,rA,rB Multiply Low
nand (nand.) rA,rS,rB NAND
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Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name
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
sthbrx rS,rA,rB Store Half-Word Byte-Reverse Indexed
sthu rS,d(rA) Store Half-Word with Update
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Table 3-17. Instruction Set Summary (continued)

Mnemonic Operand Syntax Name
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
stwex. 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,rB 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 Recommended Simplified Mnemonics

To simplify assembly language coding, a set of alternative mnemonics is provided for some frequently
used operations (such as no-op, load immediate, load address, move register, and complement register).

For a complete list of simplified mnemonics, see the RCPU Reference Manual. Programs written to be
portable across the various assemblers for the PowerPC ISA architecture should not assume the existence
of mnemonics not described in that manual.
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3.10.3 Calculating Effective Addresses

The effective address (EA) is the 32-bit address computed by the processor when executing a memory
access or branch instruction or when fetching the next sequential instruction.

The PowerPC ISA architecture supports two simple memory addressing modes:
* EA=(rA|0) + 16-bit offset (including offset = 0) (register indirect with immediate index)
* EA=(rA|0) + rB (register indirect with index)

These simple addressing modes allow efficient address generation for memory accesses. Calculation of the
effective address for aligned transfers occurs in a single clock cycle.

For a memory access instruction, if the sum of the effective address and the operand length exceeds the
maximum effective address, the storage operand is considered to wrap around from the maximum effective
address to effective address 0.

Effective address computations for both data and instruction accesses use 32-bit unsigned binary
arithmetic. A carry from bit 0 is ignored in 32-bit implementations.

3.11 Exception Model

The PowerPC ISA exception mechanism allows the processor to change to supervisor state as a result of
external signals, errors, or unusual conditions that arise in the execution of instructions. When exceptions
occur, information about the state of the processor is saved to certain registers, and the processor begins
execution at an address (exception vector) predetermined for each exception. Processing of exceptions
occurs in supervisor mode.

Although multiple exception conditions can map to a single exception vector, a more specific condition
may be determined by examining a register associated with the exception — for example, the DAE/source
instruction service register (DSISR). Additionally, some exception conditions can be explicitly enabled or
disabled by software.

The PowerPC ISA architecture requires that exceptions be taken in program order; therefore, although a
particular implementation may recognize exception conditions out of order, they are handled strictly in
order with respect to the instruction stream. When an instruction-caused exception is recognized, any
unexecuted instructions that appear earlier in the instruction stream, including any that have not yet entered
the execute state, are required to complete before the exception is taken. For example, if a single
instruction encounters multiple exception conditions, those exceptions are taken and handled sequentially.
Likewise, exceptions that are asynchronous and precise are recognized when they occur, but are not
handled until all instructions currently in the execute stage successfully complete execution and report
their results.

Note that exceptions can occur while an exception handler routine is executing, and multiple exceptions
can become nested. It is up to the exception handler to save the appropriate machine state if it is desired
that control be returned to the excepting program.

In many cases, after the exception handler handles an exception, there is an attempt to execute the
instruction that caused the exception. Instruction execution continues until the next exception condition is
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encountered. This method of recognizing and handling exception conditions sequentially guarantees that
the machine state is recoverable and processing can resume without losing instruction results.

To prevent the loss of state information, exception handlers must save the information stored in SRRO and
SRR1 soon after the exception is taken to prevent this information from being lost due to another exception
being taken.

3.11.1 Exception Classes

The RCPU exception classes are shown in Table 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 reset, debug port non-maskable interrupts, and machine check
exceptions are ordered. Ordered exceptions satisfy the following criteria:

» Only one exception is reported at a time. If, for example, a single instruction encounters multiple
exception conditions, those conditions are encountered sequentially. After the exception handler
handles an exception, instruction execution continues until the next exception condition is
encountered.

* When the exception is taken, no program state is lost.

3.11.3 Unordered Exceptions

Unordered exceptions may be reported at any time and are not guaranteed to preserve program state
information. The processor can never recover from a reset exception. It can recover from other unordered
exceptions in most cases. However, if a debug port non-maskable interrupt or machine check exception
occurs during the servicing of a previous exception, the machine state information in SRR0 and SRR1
(and, in some cases, the DAR and DSISR) may not be recoverable; the processor may be in the process of
saving or restoring these registers.

To determine whether the machine state is recoverable, the RI (recoverable exception) bit in SRR1 can be
read. During exception processing, the RI bit in the MSR is copied to SRR1 and then cleared. The
operating system should set the RI bit in the MSR at the end of each exception handler’s prologue (after
saving the program state) and clear the bit at the start of each exception handler’s epilogue (before
restoring the program state). Then, if an unordered exception occurs during the servicing of an exception
handler, the RI bit in SRR1 will contain the correct value.
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3.11.4 Precise Exceptions

In the RCPU, all synchronous (instruction-caused) exceptions are precise. When a precise exception
occurs, the processor backs the machine up to the instruction causing the exception. This ensures that the
machine is in its correct architecturally-defined state. The following conditions exist at the point a precise
exception occurs:

1. Architecturally, no instruction following the faulting instruction in the code stream has begun
execution.

2. All instructions preceding the faulting instruction appear to have completed with respect to the
executing processor.

3. SRRO addresses either the instruction causing the exception or the immediately following
instruction. Which instruction is addressed can be determined from the exception type and the
status bits.

4. Depending on the type of exception, the instruction causing the exception may not have begun
execution, may have partially completed, or may have completed execution.

3.11.5 Exception Vector Table

The setting of the exception prefix (IP) bit in the MSR determines how exceptions are vectored. If the bit
is cleared, the exception vector table begins at the physical address 0x0000 0000; if IP is set, the exception
vector table begins at the physical address 0XFFFO 0000. Table 3-19 shows the exception vector offset of
the first instruction of the exception handler routine for each exception type.

NOTE

In the MPC565, the exception table can additionally be relocated by the
BBC module to internal memory and reduce the total size required by the
exception table (see Section 4.3, “Exception Table Relocation (ETR).”

Table 3-19. Exception Vector Offset Table

Vect&ref())ff set 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)”
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)”
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Table 3-19. Exception Vector Offset Table (continued)

Vector Offset . .
(hex) Exception Type Section
00AQ0 Reserved —
00B00 Reserved —
00C00 System call Section 3.15.4.10, “System Call Exception (0x0C00)”
00D00 Trace. Section 3.15.4.11, “Trace Exception (0x0D00)”
00EOQ0 Floating-Point Assist Section 3.15.4.12, “Floating-Point Assist Exception (0xOE00)”
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”
01E00 Implementation-Dependent Section 3.15.4.16, “Implementation-Dependent Debug
Maskable Exceptions”
External Breakpoint
01FO00 Implementation-Dependent Section 3.15.4.16, “Implementation-Dependent Debug
Non-Maskable External Breakpoint Exceptions”

' This exception will not be generated by hardware.

3.12 Instruction Timing

The RCPU processor is pipelined. Because the processing of an instruction is broken into a series of stages,
an instruction does not require the processor’s full resources.

The instruction pipeline in the MPC565 has four stages:

1. The dispatch stage is implemented using a distributed mechanism. The central dispatch unit
broadcasts the instruction to all units. In addition, scoreboard information (regarding data
dependencies) is broadcast to each execution unit. Each execution unit decodes the instruction. If
the instruction is not implemented, a program exception is taken. If the instruction is legal and no
data dependency is found, the instruction is accepted by the appropriate execution unit, and the data
found in the destination register is copied to the history buffer. If a data dependency exists, the
machine is stalled until the dependency is resolved.
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2. Inthe execute stage, each execution unit that has an executable instruction executes the instruction.
(For some instructions, this occurs over multiple cycles.)

3. Inthe writeback stage, the execution unit writes the result to the destination register and reports to
the history buffer that the instruction is completed.

4. In the retirement stage, the history buffer retires instructions in architectural order. An instruction
retires from the machine if it completes execution with no exceptions and if all instructions
preceding it in the instruction stream have finished execution with no exceptions. As many as six
instructions can be retired in one clock.

The history buffer maintains the correct architectural machine state. An exception is taken only when the
instruction is ready to be retired from the machine (i.e., after all previously-issued instructions have
already been retired from the machine). When an exception is taken, all instructions following the
excepting instruction are canceled, (i.e., the values of the affected destination registers are restored using
the values saved in the history buffer during the dispatch stage).

Figure 3-19 shows basic instruction pipeline timing.

DECODE

READ AND EXECUTE

BRANCH EXECUTE

Figure 3-19. Basic Instruction Pipeline

Table 3-20 indicates the latency and blockage for each type of instruction. Latency refers to the interval
from the time an instruction begins execution until it produces a result that is available for use by a
subsequent instruction. Blockage refers to the interval from the time an instruction begins execution until
its execution unit is available for a subsequent instruction.

NOTE

When the blockage equals the latency, it is not possible to issue another
instruction to the same unit in the same cycle in which the first instruction
IS being written back.

MPC565 Reference Manual, REV 2.2

3-38 Freescale Semiconductor



Central Processing Unit

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 1 or 2!
Integer divide — 2to 11’ 2to 11’
Integer load/store — See note' See note'

! 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 PowerPC ISA architecture. Any reference in the PowerPC
ISA architecture books (UISA, VEA, OEA) regarding 64-bit implementations are not supported by the
core. All registers except the floating-point registers are 32 bits wide.

3.13.2 Reserved Fields

Reserved fields in instructions are described under the specific instruction definition sections. Unless
otherwise noted, reserved fields should be written with a zero when written and return a zero when read.
Thus, this type of invalid form instructions yield results of the defined instructions with the appropriate
field zero.

In most cases, the reserved fields in registers are ignored on write and return zeros for them on read on any
control register implemented by the MPC565. Exception to this rule are bits [16:23] of the fixed-point
exception cause register (XER) and the reserved bits of the machine state register (MSR), which are set by
the source value on write and return the value last set for it on read.

3.13.3 Classes of Instructions

Non-optional instructions are implemented by the hardware. Optional instructions are executed by
implementation-dependent code and any attempt to execute one of these commands causes the RCPU to
take the implementation-dependent software emulation interrupt (offset 0x01000 of the vector table).

Illegal and reserved instruction class instructions are supported by implementation- dependent code and,
thus, the RCPU hardware generates the implementation-dependent software emulation interrupt. Invalid
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and preferred instruction forms treatment by the RCPU is described under the specific processor
compliance sections.

3.13.4 Exceptions

Invocation of the system software for any instruction-caused exception in the MPC565 RCPU is precise,
regardless of the type and setting.

3.13.5 Branch Processor

The MPC565 RCPU implements all the instructions defined for the branch processor in the UISA in the
hardware.

3.13.6 Instruction Fetching

The core fetches a number of instructions into its internal buffer (the instruction pre-fetch queue) prior to
execution. If a program modifies the instructions it intends to execute, it should call a system library
program to ensure that the modifications have been made visible to the instruction fetching mechanism
prior to execution of the modified instructions.

3.13.7 Branch Instructions

The core implements all the instructions defined for the branch processor by the UISA in the hardware.
For performance of various instructions, refer to Table 3-20 of this manual.

3.13.7.1 Invalid Branch Instruction Forms

Bits marked with z in the BO encoding definition are discarded by the MPC565 decoding. Thus, these
types of invalid form instructions yield results of the defined instructions with the z-bit zero. If the
decrement and test CTR option is specified for the bcctr or bectrl instructions, the target address of the
branch is the new value of the CTR. Condition is evaluated correctly, including the value of the counter
after decrement.

3.13.7.2 Branch Prediction

The core uses the y bit to predict path for pre-fetch. Prediction is only done for not-ready branch
conditions. No prediction is done for branches to the link or count register if the target address is not ready.
Refer to the RCPU Reference Manual (conditional branch control) for more information.

3.13.8 Fixed-Point Processor

3.13.8.1 Fixed-Point Instructions

The core implements the following instructions:
* Fixed-point arithmetic instructions
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» 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 defined for the fixed-point processor in the UISA in the hardware. For performance of
the various instructions, refer to Table 3-20.

— Move To/From System Register Instructions. Move to/from invalid special registers in which
SPRO = 1 yields invocation of the privilege instruction error interrupt handler if the processor
is in problem state. For a list of all implemented special registers, refer to Table 3-2, and
Table 3-3.

— Fixed-Point Arithmetic Instructions. If an attempt is made to perform any of the divisions in
the divw[o][.] instruction (0x80000000 -+ -1, <anything> -+ 0), then the contents of rD are
0x80000000; if Rc =1, the contents of bitsin CR fieldOare LT=1,GT =0,EQ =0, and SO is
set to the correct value. If an attempt is made to perform any of the divisions in the divw[o][.]
instruction, <anything> -+ 0. In cmpi, cmp, cmpli, and cmpl instructions, the L-bit is applicable
for 64-bit implementations. In 32-bit implementations, if L = 1 the instruction form is invalid.
The core ignores this bit and therefore, the behavior when L = 1 is identical to the valid form
instruction with L =0

3.13.9 Floating-Point Processor

3.13.9.1 General

The RCPU implements all floating-point features as defined in the UISA, including the non-IEEE working
mode. Some features require software assistance. For more information refer to the RCPU Reference
Manual (Floating-point Load Instructions).

3.13.9.2 Optional Instructions

The only optional instruction implemented by RCPU hardware is store floating-point as integer word
indexed (stfiwx). An attempt to execute any other optional instruction causes an implementation
dependent software emulation exception.

3.13.10 Load/Store Processor

The load/store processor supports all of the 32-bit implementation 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 instructions, when rA = 0, the EA is written into RO. For load
with update instructions, when rA = rD, rA is boundedly undefined.
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3.13.10.2 Fixed-Point Load and Store Multiple Instructions

For these types of instructions, EA must be a multiple of four. If it is not, the system alignment error
handler is invoked. For a Imw instruction (if rA is in the range of registers to be loaded), the instruction
completes normally. rA is then loaded from the memory location as follows:

rA < MEM(EA+(rA-rD)*4, 4)

3.13.10.3 Fixed-Point Load String Instructions

Load string instructions behave the same as load multiple instructions, with respect to invalid format in
which rA is in the range of registers to be loaded. When rA is in range, it is updated from memory.

3.13.10.4 Storage Synchronization Instructions

For these type of instructions, EA must be a multiple of four. If it is not, the system alignment error handler
is invoked.

3.13.10.5 Floating-Point Load and Store With Update Instructions

For Load and Store with update instructions, 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 denormalized number, the floating-point assist interrupt
handler is invoked.

Refer to the RCPU Reference Manual (Floating-point Assist For Denormalized Operands) for complete
description of handling denormalized floating-point numbers.

3.13.10.7 Floating-Point Store Single Instructions

When the operand falls in the range of a single denormalized number, the floating-point assist interrupt
handler is invoked.

When the operand is ZERO it is converted to the correct signed ZERO in single-precision format.

When the operand is between the range of single denormalized and double denormalized it is considered
a programming error. The hardware will handle this case as if the operand was single denormalized.

When the operand falls in the range of double denormalized numbers it is considered a programming error.
The hardware will handle this case as if the operand was ZERO.

The following check is done on the stored operand in order to determine whether it is a denormalized
single-precision operand and invoke the floating-point assist interrupt handler:

(frS[1:11] # 0) AND (frS[1:11] < 896) Egn. 3-1

Refer to the RCPU Reference Manual (Floating-Point Assist for Denormalized Operands) for complete
description of handling denormalized floating-point numbers.
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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 implemented according to the PowerPC ISA architecture
requirements. The MPC565 does not provide support for snooping an external bus activity outside the
chip. The provision is made to cancel the reservation inside the MPC565 by using the CR and KR input
signals. Internal buses are snooped for RCPU accesses, and the reservation mechanism can be used for
multitask single master applications.

3.14.2 Effect of Operand Placement on Performance

The load/store unit hardware supports all of the PowerPC ISA load/store instructions. An optimal
performance is obtained for naturally aligned operands. These accesses result in optimal performance (one
bus cycle) for up to four bytes in size and good performance (two bus cycles) for double precision
floating-point operands. Unaligned operands are supported in hardware and are broken into a series of
aligned transfers. The effect of operand placement on performance is as stated in the VEA, except for the
case of 8-byte operands. In that case, since the MPC565RCPU uses a 32-bit wide data bus, the
performance is good rather than optimal.

3.14.3 Storage Control Instructions

The RCPU does not implement the following cache control instructions: icbi, dcbt, dcbi, debf, dcbz, debst,
and dcbtst .

3.14.4 Instruction Synchronize (isync) Instruction
The isync instruction causes a reflect which waits for all prior instructions to complete and then executes
the next sequential instruction. Any instruction after an isync will see all effects of prior instructions.

3.14.5 Enforce In-Order Execution of I/O (eieio) Instruction

When executing an eieio instruction, the load/store unit will wait until all previous accesses have
terminated before issuing cycles associated with load/store instructions following the eieio instruction.

3.14.6 Time Base

A description of the time base register may be found in Chapter 6, “System Configuration and Protection,”
and in Chapter 8, “Clocks and Power Control.”
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3.15 Operating Environment Architecture (OEA)

The has an internal memory space that includes memory-mapped control registers and internal memory
used by various modules on the chip. This memory 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 encoding in the RCPU is as shown in Table 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 initial state after reset is set as programmed by the reset
configuration as specified by the USIU characteristics.

3.15.1.2 Branch Processors Instructions

The RCPU implements all the instructions defined for the branch processor in the UISA in the hardware.

3.15.2 Fixed-Point Processor

3.15.2.1 Special Purpose Registers

» Unsupported Registers — The following registers are not supported by the MPC565: SDR, EAR,
IBATOU, IBATOL, IBAT1U, IBATL1L, IBAT2U, IBAT2L, IBAT3U, IBAT3L, DBATOU, DBATOL,
DBAT1U, DBAT1L, DBAT2L, DBAT3U, DBAT3L.

* Added Registers — For a list of added special purpose registers, refer to Table 3-2, and Table 3-3.

3.15.3 Storage Control Instructions

Storage control instructions mtsr, mtsrin, mfsr, mfsrin, dcbi, tlbie, tlbia, and tlbsync are not implemented
by the MPC565.

3.15.4 Exceptions

The following paragraphs define the types of OEA exceptions. The exception table vector defines the
offset value by exception type. Refer to Table 3-109.
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3.15.4.1 System Reset Exception and NMI (0x0100)

A system reset exception occurs when:
* Any reset signal is asserted: PORESET, HRESET, or SRESET
* Aninternal reset is requested, such as from the software watchdog timer

Settings caused by reset as shown in Table 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

LCTRLA 0x0000 0000

LCTRL2 0x0000 0000

COUNTA[16:31] 0x0000 0000

COUNTBJ[16:31] 0x0000 0000

A non-maskable interrupt (NMI) occurs when the IRQO is 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 MSR[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 0

1 If the RCPU is in decompression on mode, SRRO will contain a compressed address.

MPC565 Reference Manual, REV 2.2

Freescale Semiconductor 3-45



Central Processing Unit

Execution begins at physical address 0x0100 if the hard reset configuration word IP bit is cleared to 0.
Execution begins at physical address OxFFFO 0100 if the hard reset configuration word IP bit is set to 1.

3.15.4.2 Machine Check Exception (0x0200)

A machine-check exception is assumed to be caused by one of the following conditions:
» The accessed address does not exist.
* A data error was detected.
» A storage protection violation was detected by chip-select logic.

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 on the value of the MSR[ME] bit, whether or not debug mode was enabled
at reset, and (if debug mode is enabled) the values of the CHSTPE (checkstop enable) and MCIE (machine
check enable) bits in the debug enable register (DER). Table 3-24 summarizes the possibilities. When the

processor is in the checkstop state, instruction processing is suspended and cannot be restarted without
resetting the core.

Table 3-24. Machine Check Exception Processor Actions

MSR[ME] De';‘agab“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 generate an automatic reset in this condition. Refer to
Chapter 7, “Reset,” for more details.

The register settings for machine check exceptions are shown in Table 3-25.

Table 3-25. Register Settings following a Machine Check Exception

Register Name Bits Description

Save/Restore Register 0 (SRR0)' All Set to the effective address of the instruction that caused the
interrupt
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Table 3-25. Register Settings following a Machine Check Exception (continued)

Register Name Bits Description

Save/Restore Register 1 (SRR1) 02 MSRO

1 Set to 1 for instruction fetch-related errors and 0 for
load/store-related errors

2:4 Clearedto 0
5:92 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]

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_COMPY))

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 bits [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

If the 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.

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 RFl is executed.

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, instruction execution 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 RCPUhardware. The software may branch to this
location as a result of implementation-specific data storage protection error exception.
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3.15.4.4 Instruction Storage Exception (0x0400)

An instruction storage interrupt is never generated by the RCPU hardware. The software may branch to
this location as a result of an implementation-specific instruction storage protection error exception.

3.15.4.5 External Interrupt (0x0500)

The external interrupt exception is taken on assertion of the internal IRQ line to the RCPU, that is driven
by on-chip interrupt controller. The interrupt may be caused by the assertion of an external IRQ signal, by
a USIU timer, or by an internal chip peripheral. Refer to Section 6.1.4, “Enhanced Interrupt Controller,”
for more information on the interrupt controller.

The interrupt may be delayed by other higher priority exceptions or if the MSR[EE] bit is cleared when
the exception occurs. MSR[EE] is automatically cleared by hardware to disable external interrupts when
any exception is taken.

Upon detecting an external interrupt, the processor assigns it to the instruction at the head of the history
buffer (after retiring all instructions that are ready to retire).

The enhanced interrupt controller mode is available for interrupt-driven applications on MPC565. It allows
the single external interrupt exception vector 0x500 to be split into up to 48 different vectors corresponding
to 48 interrupt sources to speed up interrupt processing. It also supports a low priority source masking
feature in hardware to handle nested interrupts more easily. See Section 6.1.4, “Enhanced Interrupt
Controller,” and Chapter 4, “Burst Buffer Controller 2 Module.”

The register settings for the external interrupt exception are shown in Table 3-26.
Table 3-26. Register Settings following External Interrupt

Register Bits Setting Description

Save/Restore Register 0 (SRR0)' 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 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
MSRI[RI]

Machine State Register (MSR) IP 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 BBCMCRI[EXC_COMP])

Other |[Clearedto 0

T lfthe 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, instruction execution resumes at offset 0x00500 from the physical
base address indicated by MSR[IP].
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3.15.4.6 Alignment Exception (0x00600)

The following conditions cause an alignment exception:

» The operand of a floating-point load or store instruction is not word-aligned.
* The operand of a load or store multiple instruction is not word-aligned.
» The operand of lwarx or stwcx. is not word-aligned.

Alignment exceptions use the SRR0O and SRR1 to save the machine state and the DSISR to determine the
source of the exception.

The register settings for alignment exceptions are shown in Table 3-27.
Table 3-27. Register Settings for Alignment Exception

Register Bits Setting Description
Save/Restore Register 0 (SRR0)’ Set to the effective address of the instruction that caused the
exception.
Save/Restore Register 1 (SRR1) [0:15] 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[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_COMPY))

Other Cleared to 0
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Table 3-27. Register Settings for Alignment Exception (continued)

Register Bits Setting Description
Data/Storage Interrupt Status [0:11] Cleared to 0
Register (DSISR)
[12:13] Cleared to 0
14 Cleared to 0
[15:16] Forinstructions 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 Forinstructions 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.

' If the exception occurs during an instruction fetch in decompression-on mode, the SRRO register will contain a
compressed address.

NOTE

For load or store instructions that use register indirect with index
addressing, the DSISR can be set to the same value that would have resulted
if the corresponding instruction uses register indirect with immediate index
addressing had caused the exception. Similarly, for load or store instructions
that use register indirect with immediate index addressing, DSISR can hold
a value that would have resulted from an instruction that uses register
indirect with index addressing. (If there is no corresponding instruction, no
alternative value can be specified.)

When an alignment exception is taken, instruction execution 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 no higher priority exception exists and one or more of the following
exception conditions, which correspond to bit settings in SRR1, occur during execution of an instruction:

» System floating-point enabled exception — A system floating-point enabled exception is
generated when the following condition is met as a result of a move to FPSCR instruction, move
to MSR (mtmsr) instruction, or return from interrupt (rfi) instruction:
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«  (MSR[FEO] | MSR[FEL]) and- FPSCR[FEX] = 1.

* Notice that in the RCPU implementation of the PowerPC ISA architecture, a program interrupt is
not generated by a floating-point arithmetic instruction that results in the condition shown above;
a floating-point assist exception is generated instead.

* Privileged instruction — A privileged instruction type program exception is generated by any of
the following conditions:

— The execution of a privileged instruction (mfmsr, mtmsr, or rfi) is attempted and the processor
is operating at the user privilege level (MSR[PR] = 1).
— The execution of mtspr or mfspr where SPRO = 1 in the instruction encoding (indicating a

supervisor-access register) and MSR[PR] = 1 (indicating the processor is operating at the user
privilege level), provided the SPR instruction field encoding represents either:

— avalid internal-to-the-processor special-purpose register; or
— an external-to-the-processor special-purpose register (either valid or invalid).

» Trap — A trap type program exception is generated when any of the conditions specified in a trap
instruction is met.

The register settings for program exceptions are shown in Table 3-28.
Table 3-28. Register Settings following Program Exception

Register Bits Setting Description
Save/Restore Register 0 (SRR0)’ All Contains the effective address of the excepting instruction
Save/Restore Register 1 (SRR1)? [0:10] Clearedto 0
11 Set for a floating-point enabled program exception; otherwise
cleared.
12 Cleared to 0.
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 Clearedto 0
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T lfthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.

2 Only one of bits 11, 13, and 14 can be set.

When a program exception is taken, instruction execution resumes at offset 0x0700 from the physical base
address indicated by MSR[IP].

3.15.4.8 Floating-Point Unavailable Exception (0x0800)

A floating-point unavailable exception occurs when no higher priority exception exists, an attempt is made
to execute a floating-point instruction (including floating-point load, store, and move instructions), and the
floating-point available bit in the MSR is disabled, (MSR[FP] = 0).

Table 3-29. Register Settings following a Floating-Point Unavailable Exception

Register Bits Setting Description
Save/Restore Register 0 (SRR0)’ All Set to the effective address of the instruction that caused the
exception.
Save/Restore Register 1 (SRR1) [0:15] Cleared to 0
[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 Clearedto 0

T lfthe 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 priority exception exists, the decrementer register has
completed decrementing, and MSR[EE] = 1. The decrementer exception request is canceled when the
exception is handled. The decrementer register counts down, causing an exception (unless masked) when
passing through zero. The decrementer implementation meets the following requirements:

» Loading a GPR from the decrementer does not affect the decrementer.

» Storing a GPR value to the decrementer replaces the value in the decrementer with the value in the
GPR.

» Whenever bit 0 of the decrementer changes from zero to one, an exception request is signaled. If
multiple decrementer exception requests are received before the first can be reported, only one
exception is reported. The occurrence of a decrementer exception cancels the request.

» If the decrementer is altered by software and if bit 0 is changed from zero to one, an interrupt
request is signaled.
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The register settings for the decrementer exception are shown in Table 3-30.

Table 3-30. Register Settings Following a Decrementer Exception

Register Bits Setting Description

Save/Restore Register 0 (SRR0)' All Set to 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] Clearedto 0
[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 Clearedto 0

1 If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.

When a decrementer exception is taken, instruction execution resumes at offset 0x0900 from the physical
base address indicated by MSR[IP].

3.15.4.10 System Call Exception (0x0C00)

A system call exception occurs when a system call instruction is executed. The effective address of the
instruction following the sc instruction is placed into SRR0O. MSR[16:31] are placed into SRR1[16:31],
and SRR1[0:15] are set to undefined values. Then a system call exception is generated.

The system call instruction is context synchronizing. That is, when a system call exception occurs,
instruction dispatch is halted and the following synchronization is performed:

1. The exception mechanism waits for all instructions in execution to complete to a point where they
report all exceptions they will cause.

2. The processor ensures that all instructions in execution complete in the context in which they began
execution.

3. Instructions dispatched after the exception is processed are fetched and executed in the context
established by the exception mechanism.

Register settings are shown in Table 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]
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Table 3-31. Register Settings following a System Call Exception (continued)

Register Setting Description
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 Clearedto 0

! 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. If the exception occurs during an instruction fetch in
decompression on mode, the SRRO register will contain an indeterminate value.

When a system call exception is taken, instruction execution resumes at offset 0x00C0O0 from the physical
base address indicated by MSR[IP].

3.15.4.11 Trace Exception (0x0D00)

A trace interrupt occurs if MSR[SE] = 1 and any instruction except rfi is successfully completed or
MSR[BE]= 1 and a branch is completed. Notice that the trace interrupt does not occur after an instruction
that caused an interrupt (for instance, sc). Monitor/debugger software must change the vectors of other
possible interrupt addresses to single-step such instructions. If this is unacceptable, other debug features
can be used. Refer to Chapter 22, “Development Support,” for more information. See Table 3-32 for Trace
Exception register settings.

Table 3-32. Register Settings following a Trace Exception

Register Name Bits Description
Save/Restore Register 0 (SRR0)’ All Set to the effective address of the instruction following the
executed instruction
Save/Restore Register 1 (SRR1) 1:4 Clearedto 0
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 MSR[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
BBCMCRI[EXC_COMP])

Other Clearedto 0

T lfthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.

Execution resumes at offset 0xODOO from the base address indicated by MSR[IP].

3.15.4.12 Floating-Point Assist Exception (0x0EO00)

A floating point assist exception occurs when the following conditions are true:
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» A floating-point enabled exception condition is detected;

» The corresponding floating-point enable bit in the FPSCR (floating point status and control
register) is set (exception enabled); and

* MSR[FEO] | MSR[FE1] =1
These conditions are summarized in the following equation:
(MSR[FEO] | MSR[FE1]) AND FPSCR[FEX] = 1

Note that when ((MSR[FEO] | MSR[FE1]) AND FPSCR[FEX]) is set as a result of move to FPSCR, move
to MSR or rfi, a program exception is generated, rather than a floating-point assist exception.

A floating point assist exception also occurs when a tiny result is detected and the floating point underflow
exception is disabled (FPSCR[UE] = 0).

The register settings for floating-point assist exceptions are shown in Table 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
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 MSR[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_COMPY))

Other Clearedto 0

1 If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.

When a floating-point exception is taken, instruction execution resumes at offset 0OXOEOO from the base
address indicated by MSR[IP].

3.15.4.13 Implementation-Dependent Software Emulation Exception (0x1000)

An implementation-dependent software emulation exception occurs in the following instances:

* When executing any non-implemented instruction. This includes all illegal and unimplemented
optional instructions and all floating-point instructions.

» When executing a mtspr or mfspr instruction that specifies an un-implemented
internal-to-the-processor SPR, regardless of the value of bit O of the SPR.

» When executing a mtspr or mfspr that specifies an un-implemented external-to-the-processor
register and SPRO = 0 or MSR[PR] = 0 (no program interrupt condition).

Table 3-34 shows the register settings set when a software emulation exception occurs.
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Table 3-34. Register Settings following a Software Emulation Exception

Register Name Bits Description
Save/Restore Register 0 (SRR0)' All Set to the effective address of the instruction that caused the
interrupt
Save/Restore Register 1 (SRR1) 1:4 Clearedto 0
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 MSR[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
BBCMCRI[EXC_COMP])

Other Clearedto 0

T lfthe exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain a
compressed address.

Execution resumes at offset 0x01000 from the base address indicated by MSR[IP].

3.15.4.14 Implementation-Dependent Instruction Protection Exception (0x1300)

The implementation-specific instruction storage protection error interrupt occurs in the following cases:
» The fetch access violates storage protection and MSR[IR] = 1.
» The fetch access is to guarded storage and MSRJ[IR] = 1.

The register settings for instruction protection exceptions are shown in Table 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 0

3 Set to 1 if the fetch access was to a guarded storage when MSRJ[IR] = 1,
otherwise clear to 0

4 Setto 1if the storage access is not permitted by the protection mechanism
(IMPU in BBC) and MSR][IR] = 1; otherwise clear to 0

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]
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Table 3-35. Register Settings following an Instruction Protection 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 Clearedto 0

1 If the exception occurs during an instruction fetch in Decompression On mode, the SRRO register will contain an
indeterminate value.

Execution resumes at offset 0x1300 from the base address indicated by MSR[IP].

3.15.4.15 Implementation-Specific Data Protection Error Exception (0x1400)

The implementation-specific data protection error exception occurs in the following case:

» The dataaccess violates the storage protection and MSR[DR]=1. See Chapter 11, “L-Bus to U-Bus
Interface (L2U).”

See Table 3-36 for data-protection-error exception register settings.

Table 3-36. Register Settings Following a Data Protection Error 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) 0:15 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 MSR[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 Clearedto 0

Data/Storage Interrupt Status 0:3 Clearedto 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
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! 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 exception is taken, instruction execution resumes at offset 0x1400 from the
base address indicated by MSR[IP].

3.15.4.16 Implementation-Dependent Debug Exceptions

Implementation-dependent debug exceptions occur in the following cases:

* When there is an internal breakpoint match (for more details, refer to Chapter 22, “Development
Support.”

* When a peripheral breakpoint request is asserted to the RCPU.

* When the development port request is asserted to the RCPU. Refer to Chapter 22, “Development
Support,” for details on how to generate the development port-interrupt request.

See Table 3-37 for debug-exception register settings.
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 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].

If the development port request is asserted at reset, the value
of SRR1 is undefined.

Machine State Register (MSR) IP 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

T lfthe 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 shown in Table 3-38 is set.
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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 base address indicated by MSR[IP] as follows:
* 0x01CO00 - For data breakpoint match
* 0x01DO0O0 - For instruction breakpoint match
* 0x01EQO0 - For development port maskable request or a peripheral breakpoint
e 0x01F00 - For development port non-maskable request

3.15.5 Partially Executed Instructions

In general, the architecture permits instructions to be partially executed when an alignment or data storage
interrupt occurs. In the core, instructions are not executed at all if an alignment interrupt condition is
detected and data storage interrupt is never generated by the hardware. In the RCPU, the instruction can
be partially executed only in the case of the load/store instructions that cause multiple accesses to the
memory subsystem. These instructions are:

» Multiple/string instructions

» Unaligned load/store instructions

In the last case, the store instruction can be partially completed if one of the accesses (except the first one)
causes the data storage protection error. The implementation-specific data storage protection interrupt is
taken in this case. For the update forms, the update register (rA) is not altered.

3.15.6 Timer Facilities

Descriptions of the timebase and decrementer registers can be found in Chapter 6, “System Configuration
and Protection,” and in Chapter 8, “Clocks and Power Control.”

3.15.7 Optional Facilities and Instructions

Any other OEA optional facilities and instructions (except those that are discussed here) are not
implemented by the MPC565RCPU hardware. Attempting to execute any of these instructions causes an
implementation dependent software emulation interrupt to be taken.
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Chapter 4
Burst Buffer Controller 2 Module

The burst buffer controller module (BBC) consists of four main functional parts: the bus interface unit
(BIU), the instruction memory protection unit (IMPU), branch target buffer (BTB) and the instruction code
decompressor unit (ICDU). See Figure 4-1. Information about decompression features of the BBC is found
in Appendix A, “MPC566 Compression Features.”

The BBC master BIU interfaces between the RCPU instruction port and the internal U-bus and can support
burstable and non-burstable U-bus accesses.

The IMPU allows the instruction memory to be divided into four regions with different protection
attributes. The IMPU compares the attributes of the RCPU memory access request with the attributes of
the appropriate region. If the access is allowed, the proper signals are sent to the BIU. If access to the
memory region is disallowed because the region is protected, an interrupt is sent to the RCPU and the
master BIU cancels U-bus access.

The IMPU is able to relocate the RCPU exception vectors. The IMPU always maps the exception vectors
into the internal memory space of the MPC565. This feature is important for a multi-MPC565 system,
where, although the internal memories of some controllers are not shifted to the lower 4 Mbytes, they can
still have their own internal exception vector tables with the same exception addresses issued by their
RCPU cores.

The IMPU also supports an MPC565-enhanced interrupt controller by extending an exception vector’s
relocation mechanism to translate the RCPU external interrupt exception vector separately and splitting it
into 48 different vectors, corresponding to the code generated by the interrupt controller. See also
Section 6.1.4.4, “Enhanced Interrupt Controller Operation.”

The branch target buffer (BTB) improves the performance of the MPC565 by holding and supplying
previously accessed or decompressed instructions to the RCPU core. The BTB can be enabled in either
decompression on or off mode.

The ICDU provides decompressed instructions to RCPU in the decompression ON mode and contains a 4
Kbyte RAM (DECRAM) to hold decompression vocabularies. The DECRAM can serve as a general
purpose RAM memory on the U-bus if code compression is not used.
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Figure 4-1. BBC Module Block Diagram
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4.1 Key Features

41.1 BlIU Key Features

» Supports pipelined and burstable and single accesses to internal and external memories
e Supports the decoupled interface with the RCPU instruction unit
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4.1.3

Burst Buffer Controller 2 Module

Implements a parked master on the U-bus, resulting in zero clock delays for RCPU fetch accesses
to the U-bus

Fully utilizes the U-bus pipeline for fetch accesses

Avoids undesirable delays through a tight interface with the L2U module (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 the base address and size can be programmed.

Available region sizes include 2 Kbytes, 8 Kbytes, 16 Kbytes, 32 Kbytes, 64 Kbytes, 128 Kbytes,
256 Kbytes, 512 Kbytes, 1 Mbyte, 2 Mbytes, 4 Mbytes, 8 Mbytes, 16 Mbytes....4 Gbytes.

Overlap between regions is allowed.

Each of the four regions supports the following attributes:

— User/supervisor

— Guard attribute (causes an interrupt in case of speculative fetch attempt)
— Compressed/non-compressed (MPC566 only)

— Regions are enabled or disabled in software.

Global region entry declares the default access attributes for all memory areas not covered by the
four regions:

The RCPU gets the instruction storage protection exception generated upon

— An access violation of protection attributes

— A fetch from a guarded region.

The RCPU MSRJIR] bit controls IMPU protection.

Programming is performed by using the RCPU mtspr/mfspr instructions to/from implementation
specific special-purpose registers.

The IMPU supplies relocation addresses of all the exceptions within the internal memory space.
The IMPU implements external interrupt vector splitting to reduce the external interrupt latency.
There is a special reset exception vector for decompression on mode (MPC566 only).

ICDU Key Features

The following are instruction code decompression unit key features of the MPC566 See Appendix A,
“MPC566 Compression Features” for more information.

Instruction code on-line decompression based on “instruction classes” algorithm.

No need for address translation between compressed and non-compressed address spaces — ICDU
provides “next instruction address” to the RCPU

In most cases, instruction decompression takes one clock
Code decompression is pipelined:

MPC565 Reference Manual, REV 2.2
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— No performance penalty during sequential program flow execution
— Minimal performance penalty due to change of program flow execution

» Two operation modes are available: decompression on and decompression off. Switch between
compressed and non-compressed user application software parts is possible.

» Adaptive vocabularies scheme is supported; each user application can have its own optimum
vocabularies.

4.1.4 DECRAM Key Features

* Four Kbytes RAM for decompression vocabulary tables

» 2 clock read/write accesses when used as a U-bus general-purpose RAM
» 4 clock load/store accesses from the L-bus

» Buyte, half-word (16-bit) or word (32-bit) read/write accesses 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 target entries” (BTE). Each entry contains:
— A 32-bit register that stores the target of historical change of flow (COF) address

— Four RAM entries, 38 bits each, which 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 used to calculate the address following the last valid
instruction.

» FIFO removal policy management is implemented 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 instruction fetch modes: decompression off and decompression on. The operational
modes are defined by RCPU MSR[DCMPEN] bit. If the bit is set, the mode is decompression on.
Otherwise, it is in decompression off.

4.2.1.1 Decompression Off Mode

In this mode, the MPC566 bus interface unit (BIU) module transfers fetch accesses from the RCPU to the
U-bus. When a new access is issued by the RCPU, it is transferred in parallel to both the IMPU and the
BIU. The IMPU compares the address of the access to its region programming. The BIU checks if the
access can be immediately transferred to the U-bus, otherwise it requests the U-bus for the next clock.

MPC565 Reference Manual, REV 2.2
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The BIU may be programmed for burstable or non-burstable access. If the BIU is programmed for
burstable access, the U-bus address phase transaction is accompanied by the burst request attribute. If
burstable access is allowed by the U-bus slave, the BIU continues current access as burstable, otherwise
current access is executed as a single access. If any protection violation is detected by the IMPU, the
current U-bus access is aborted by the BIU and an exception is signaled to the RCPU.

Show cycle, program trace and debug port access attributes accompanying the RCPU access are forwarded
by the BIU along with the U-bus access.

42.1.2 Decompression On Mode

See Appendix A, “MPC566 Compression Features” for explanation of the decompression on mode.

4.2.2 Burst Operation of the BBC

The BBC may initiate and handle burst accesses on the U-bus. The BBCMCR[BE] bit determines whether
the BBC operates burst cycles or not. Burst requests are enabled when the BE bit is set. The BBC handles
non-wrap-around bursts with up to 4 data beats on the internal U-bus.

NOTE

The burst operation in the MPC565 is useful if a user system implements
burstable memory devices on the external bus. Otherwise the mode will
cause performance degradation when running code from external memory.

When the RCPU runs in serialized mode it is recommended that bursts be
disabled by the BBC to speed up MPC565 operation.

Burst operation for decompression on and in debug mode is disabled
regardless of BBCMCRI[BE] bit setting.

The BBC burst should be turned off if the USIU burst feature is enabled.

4.2.3 Access Violation Detection

Instruction memory protection is assigned on a regional basis. Default operation of IMPU is done on a
global region. The IMPU has control registers which contain the following information: region protection
on/off, region base address, size and access permissions.

Protection logic is activated only if the RCPU MSR[IR] bit is set.

During each fetch request from the RCPU core to instruction memory, the address is compared to a value
in the region base address of enabled regions. Any address matching the specific region within its
appropriate size as defined in the region attribute register sets a match indication.

When more than one match indication occurs, the effective region is the region with the highest priority.
Priority is determined by region number. The lowest region number has the highest priority and the global
region has lowest priority.

When no match happens, the effective region is the global region.

MPC565 Reference Manual, REV 2.2
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The region attribute registers contain the region protection fields: PP, G, and CMPR. The protection fields
are compared to address attributes issued 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 access violation, the following actions are taken:

1. The request forwarded to the BIU is canceled
2. The RCPU is informed that the requested address caused an access violation by exception request.

However, if the required address contains a show cycle attribute, the BIU delivers the access onto the
U-bus to obtain program tracking.

The exception vector (address) that the RCPU issues for this exception has a 0x1300 offset in the RCPU
exception vector table. The access violation status is provided in the RCPU SRR1 special purpose register.
The encoding of the status bits is as follows:

« SRR1[1]=0

* SRR1 [3] = Guarded storage

* SRR1 [4] = Protected storage or compression violation

* SRR1[10]1=0

Only one bit is set at a time.

4.2.4 Slave Operation

The BBC is operating as a U-bus slave when the IMPU registers, decompressor RAM (DECRAM) or
ICDU registers are accessed from the U-bus. The IMPU register programming is done using PowerPC ISA
mtspr/mfspr instructions. The ICDU configuration registers (DCCRs) and DECRAM are mapped into the
chip memory space and accessed by load/store instructions. DCCR and DECRAM accesses may be
disabled by BBCMCR[DCAE]. Refer to Section 4.6.2.1, “BBC Module Configuration Register
(BBCMCR).”

4.2.5 Reset Behavior

Upon soft reset, the BBC switches to an idle state and all pending U-bus accesses are ignored, the ICDU
internal queue is flushed and the IMPU switches to a disabled state where all memory space is accessible
for both user and supervisor.

Hard reset sets some of the fields and bits in the BBC configuration registers to their default reset state.
Some bits in the BBCMCR register get their values from the reset configuration word.

All the registers are reset using HRESET; SRESET alone has no effect on them.

MPC565 Reference Manual, REV 2.2
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NOTE

Because HRESET resets the EN_COMP bit and the EXC_COMP bit but
SRESET does not, there may be different behavior between HRESET and
SRESET when both EN_COMP and EXC_COMP are set. Special care must
be taken to ensure operation in a known mode whenever reset occurs. The
reset states of these bits are determined by reset configuration words. The
location of the reset vector is dependent on the value of the MSR[IP] bit in
the RCPU. If MSR[IP] is set, the exception table relocation feature can be
used. See Section 4.3.1, “ETR Operation.”

4.2.6 Debug Operation Mode

When the MPC565 RCPU core is in debug mode, the BBC initiates non-burstable access to the debug port
and ICDU is bypassed (i.e., instructions transmitted to the debug port must be non-compressed regardless
of RCPU MSR[DCMPEN] bit state).

4.3 Exception Table Relocation (ETR)

The BBC is able to relocate the exception addresses of the RCPU. The relocation feature always maps the
exception addresses into the internal memory space of the MPC565. See Figure 4-2. This feature is
important in multi-MPC565 systems, where, although the memory map in some was shifted to not be on
the lower 4 Mbytes, their RCPU cores can still access their own exception handlers in their internal Flash
in spite of several RCPUs issuing the same exception addresses.

The relocation also saves wasted space between the exception table entries in the case where each
exception entry contained only a branch instruction to the exception routine, which is located elsewhere.

The exception vector table may be programmed to be located in four places in the MPC565 internal
memory space.

The exception table relocation is supported in both decompression on and decompression off operation
modes.

The RESET routine vector is relocated differently in decompression on and in decompression off modes.
This feature may be used by a software code compression tool to guarantee that a vocabulary table
initialization routine is always executed before application code is running.

MPC565 Reference Manual, REV 2.2
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Figure 4-2. Exception Table Entries Mapping

4.3.1 ETR Operation

The exception vectors generated by the RCPU are 0x100 bytes apart from each other, starting at address
0x0000 0100 or OxFFFO0 0100, depending on the value of MSR[IP] bit in the RCPU.

If the exception table relocation is disabled by the ETRE bit in the BBCMCR register, the BBC transfers
the exception fetch address to the U-bus of the MPC565 with no interference. In this case, normal
PowerPC ISA exception addressing is implemented.

If the exception table relocation is enabled, the BBC translates the exception vector into the exception
relocation address as shown in Table 4-1. At that location, a branch instruction with absolute addressing
(ba) must be placed. Each ba instruction branches to the required exception routine. These branch
instructions should be successive in that region of memory. That way, a table of branch instructions is
implemented. Executing the branch instruction causes the core to branch twice until it gets to the exception
routine.

Each exception relocation table entry occupies two words to support decompression on mode, where a
branch instruction can be more than 32 bits long. The branch table can be located in four locations in the
internal memory, the location is defined by BBCMCR[OERC] as shown in Table 4-2.

MPC565 Reference Manual, REV 2.2
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NOTE

The 8 Kbytes allocated for the original PowerPC ISA exception table can be
almost fully utilized. This is possible if the MPC565 system memory is not
mapped to the exception address space, (i.e., the addresses OxFFF0 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 exception, issues any address between two
successive exception entries (e.g., 0OXFFFO0 0104), then the operation of the
MPC565 is not guaranteed if the ETR is enabled.
In order to activate the exception table relocation feature, the following steps are required:
1. Setthe RCPU MSRJ[IP] bit
2. Set the BBCMCR[ETRE] bit. See Section 4.6.2.1, “BBC Module Configuration Register
(BBCMCR),” for programming details.
The ETR feature can be activated from reset, by setting corresponding bits in the reset configuration word.

Table 4-1. Exception Addresses Mapping

Name of Exception Original Adgroe:s Issues by Mapped Ag:lr::astitz‘ Ii);c;ztion Table

Reserved OxFFFO 0000 Page_Offset+0x000

System Reset OxFFFO0 0100 Compression disabled Compression enabled
Page_Offset'+0x08 Page_Offset'+0x0B8

Machine Check O0xFFFO 0200 Page_Offset+0x010

Reserved OxFFFO 0300 Page_Offset+0x018

Reserved OxFFFO 0400 Page_Offset+0x020

External Interrupt? OxFFFO 0500 Page_Offset+0x028

Alignment O0xFFFO 0600 Page_Offset+0x030

Program OxFFFO 0700 Page_Offset+0x038

Floating Point unavailable OxFFFO 0800 Page_Offset+0x040

Decrementer O0xFFFO 0900 Page_Offset+0x048

Reserved OxFFFO 0AQ0 Page_Offset+0x050

Reserved OxFFFO 0B0O Page_Offset+0x058

System Call O0xFFFO 0C00 Page_Offset+0x060

Trace 0xFFFO 0D00 Page_Offset+0x068

Floating Point Assist OxFFFO OEOO Page_Offset+0x070

Implementation Dependent OxFFFO 1000 Page_Offset+0x080

Software Emulation

MPC565 Reference Manual, REV 2.2
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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+0x0EOQ
Data Breakpoint
Implementation Dependent O0xOFFF 1D00 Page_Offset+0x0E8
Instruction Breakpoint
Implementation Dependent OxFFFO 1E00 Page_Offset+0x0F0
Maskable External
Breakpoint
Non-Maskable External OxFFFO 1F00 Page_Offset+0x0F8
Breakpoint

' 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 Kbytes?

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 enhanced external interrupt model of the MPC565 which allows the removal
of the interrupt requesting a source detection stage from the interrupt routine. The interrupt controller
provides the interrupt vector to the BBC together with an interrupt request to the RCPU. When the RCPU
acknowledges an interrupt request, it issues an external interrupt vector to the BBC. The BBC logic detects
this address and replaces it with another address corresponding to the interrupt controller vector, which is
defined by the highest priority interrupt request from a peripherial module or external interrupt request pin.
See Figure 4-3.

The external interrupt relocation table should be placed at the physical address defined in the external
interrupt relocation table base address register. See Section 4.6.2.5, “External Interrupt Relocation Table

MPC565 Reference Manual, REV 2.2
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Base Address Register (EIBADR).” This is the base address of a branch table. See Table 6-4 and
Figure 4-3.
Each table entry must contain a branch absolute (ba) instruction to the first instruction of an interrupt

service routine. Each table entry occupies two words (eight bytes) to support decompression on mode,
where a branch instruction can be more than 32 bits long.

The memory space allocated for the external interrupt relocation table is up to 2 Kbytes. If part of the
external interrupt relocation table entry is not used, it may be utilized for another purpose such as
instruction code space or data space.

In order to activate the external interrupt relocation feature, the following steps are required:

1. Program the EIBADR register to the external interrupt branch table base address. See
Section 4.6.2.5, “External Interrupt Relocation Table Base Address Register (EIBADR).”

2. Set the MSR[IP] bit.

3. Set the BBCMCRIEIR] bit. See Section 4.6.2.1, “BBC Module Configuration Register
(BBCMCR),” for programming details.

NOTE

If both the enhanced external interrupt relocation and exception table
relocation functions are activated simultaneously, the final external interrupt
vector is defined by EEIR mechanism.

When the EEIR function is activated, any branch instruction execution with
the OXFFFO 0500 target address may cause unpredictable program
execution.

MPC565 Reference Manual, REV 2.2

Freescale Semiconductor



Burst Buffer Controller 2 Module

Interrupt Pointer by Core

4.4

EIBADR

External Interrupt
Vector Relocator

External

Interrupt

0x500| Relocation Table
—>

Base Address
(EIBADR)

Interrupt
Vector

Offset

000

Interrupt Code
from Interrupt
Controller

Translated Vectors

Internal Memory Structure

Branch absolute to handler

Branch absolute to handler

Branch absolute to handler

Branch absolute to handler

External Interrupt Handlers Table

Branch absolute to handler

Main code can start here

Figure 4-3. External Interrupt Vectors Splitting

Decompressor RAM (DECRAM) Functionality

Decompressor RAM (DECRAM) is a part of the ICDU. It occupies a 4-Kbyte physical RAM array block.
It is mapped both in the ICDU internal address space and in the chip memory address space. It is a single
port memory and may not be accessed simultaneously from the ICDU and U-bus.

MPC565 Reference Manual, REV 2.2
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Slave BIU
ICDU
Vocabulary Table (VT1) Vocabulary Table (VT2)
Array (2 Kbytes) Array (2 Kbytes)
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 DECRAM can serve as a two-clock access general-purpose

RAM for U-bus instruction fetches or four-clock access for read/write data operations. The base address
of the DECRAM is 0x2F 8000. See Figure 4-6. The proper access rights to the DECRAM array may be
defined by programming the R, D, and S bits of the BBCMCR register:

» Read/write or read only
* Instruction/data or data only
» Supervisor/user or supervisor only

MPC565 Reference Manual, REV 2.2
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U-bus access mode of the RAM is activated by the BBCMCR[DCAE] bit setting (see Section 4.6.2.1,
“BBC Module Configuration Register (BBCMCR)”). In this mode the DECRAM can be accessed from
the U-bus and cannot be accessed by the ICDU logic.
In this mode:

* The DECRAM supports word, half-word and byte operations.

 The DECRAM is emulated to be 32 bits wide. For example: a load access from offset 0 in the
DECRAM will deliver the concatenation of the first word in each of the DECRAM banks when
RAM 1 contains the 16 LSB of the word and RAM 2 contains the 16 MSB.

» Load accesses at any width are supplied with 32 bits of valid data.

» The DECRAM communicates with the U-bus pipeline but does not support pipelined accesses to
itself. If a store operation is second in the U-bus pipe, the store is carried out immediately and the
U-bus acknowledgment is performed when the previous transaction in the pipe completes.

» Burst access is not supported.

NOTE

Instructions running from the DECRAM should not also perform store
operations to the DECRAM.

4411 Memory Protection Violations

The DECRAM module does not acknowledge U-bus accesses that violate the configuration defined in the
BBCMCR. This causes the machine check exception for the internal RCPU or an error condition for the
MPC565 external master.

441.2 DECRAM Standby Operation Mode

The bus interface and DECRAM control logic are powered by Vpp supply. The memory array is supplied
by a separate power pin (VDDSRAM3). If main power is shut off, VDDSRAM may subsequently be
lowered for purposes of low voltage data retention.

When the DECRAM array is powered only by the VDDSRAMS3 pin, access to the RAM array is blocked.

4.5 Branch Target Buffer

The burst buffer controller contains a branch target buffer (BTB) to reduce the impact of branches on
processor performance. Following is a summary of the BTB features:

» Software controlled BTB enable/disable, inhibit, and invalidate

» User transparent — no user management required

The BTB consists of eight branch target entries (BTE). Refer to Figure 4-5. All entries are managed as a
fully associative cache. Each entry contains a tag and several data buffers related to this tag.

MPC565 Reference Manual, REV 2.2
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BTB Operation

When the RCPU generates a change of flow (COF) address for instruction fetch, the BTB control logic
compares it to the tag values currently stored in the tag register file where the following events can happen:

BTE Miss — The target address and instruction code data will be stored in one of the BTE entries
defined by its control logic. Up to four instructions and their corresponding addresses subsequent
to the COF target instruction may be saved in each BTE entry. The number of valid instructions
currently stored in the BTE entry is written into the VDC field of the current BTE entry. The valid
flag is set at the end of this process. The entry to be replaced upon miss is chosen based on FIFO
replacement method. Thus the BTB can support up to eight different branch target addresses in a
program loop.

BTE Hit — When the target address of a branch matches one of the valid BTE entries, two

activities take place in parallel:

— The BTB supplies all the valid instructions in the matched entry to the RCPU.

— The BIU starts to prefetch new instructions (and ICDU decompresses them in compressed
mode) from the address following the last instruction that 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 of instruction decompression latency (in compressed mode) is eliminated
as well as a latency of instruction storage memory device.

MPC565 Reference Manual, REV 2.2
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Figure 4-5. BTB Block Diagram

NOTE

To guarantee that the BTB does not contain instructions that may have been
changed, the BTB contents should be invalidated any time instruction
memory is modified.

45.1.2 BTB Enabling/Disabling

The BTB operation may be enabled or disabled by programming the BTEE bit in the BBCMCR register.

45.1.3 BTB Inhibit Regions

The BTB operation may be inhibited regarding some memory regions. The BTB caching is inhibited for
a region if the BTBINH bit is set in the region attribute register (or global region attribute register). See

MPC565 Reference Manual, REV 2.2
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Section 4.6.2.3, “Region Attribute Registers (MI_RAJ0:3]),” 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 separately addressable sections within the internal chip address space:

1. BBC and IMPU control registers. These are mapped in the SPR registers area and may be
programmed by using the RCPU mtspr/mfspr instructions.

2. Decompressor vocabulary RAM (DECRAM). The DECRAM array occupies the 4-Kbyte physical
memory (8 Kbytes of the MPC565 address space is allocated for DECRAM).

3. Decompressor class configuration registers (DCCR) block. It consists of 15 decompression class
configuration registers. These registers are available for word wide read/write accesses through
U-bus. The registers occupy a 64-byte physical block (8-Kbyte chip address space is allocated for
the register block).

O0X2F 8000
DECRAM
OX2F 8FFF 4 Kbytes
0x2F 9000
Reserved
OX2F OFFF
0X2F A00O
DCCRO — DCCR15
OX2F AO3F

Figure 4-6. MPC565 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.

MPC565 Reference Manual, REV 2.2
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Table 4-3. BBC SPRs (continued)

Address for
SPR Number External Reaister Name
(Decimal) Master 9
Access (Hex)
560 0x2110 BBC Module Configuration Register (BBCMCR). See Table 4-4 for bits descriptions
784 0x2180 IMPU Region Base Address Register 0 (MI_RBAO). See Table 4-5 for bits
descriptions.
785 0x2380 IMPU Region Base Address Register 1 (MI_RBA1). See Table 4-5 for bits
descriptions.
786 0x2580 IMPU Region Base Address Register 2 (MI_RBA2). 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_RAS3). See Table 4-6 for bits descriptions.

All the above registers may be accessed in the supervisor mode only. An exception is internally generated
by the RCPU if there is an attempt to access them in user mode. An external master receives a transfer
error acknowledge when attempting to access a register in user mode.

NOTE

If one of these registers is written within 4 instructions of a branch target,
the user application may crash. To prevent this, ensure that any instruction
writing to these registers is preceded by 4 instructions that are not the target
of any branch, and is followed by an isync instruction.

4.6.1.2 DECRAM and DCCR Block
The DECRAM occupies addresses from 0x2F 8000 to 0x2F 8FFF. The DCCR block occupies addresses

from 0x2F A000 to Ox2F AO3F.

The address for non-implemented memory blocks is not acknowledged, and causes an error condition.

MPC565 Reference Manual, REV 2.2

4-18

Freescale Semiconductor



Burst Buffer Controller 2 Module

4.6.2 BBC Register Descriptions
4.6.2.1 BBC Module Configuration Register (BBCMCR)
MSB
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Fieldl R |[D| S TEST —
HRESET 0000_0000_0000_0000
LSB
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Fieldl — |BE|ETRE |EIR| EN_ |EXC_COMP'|DECOMP_SC_|OERC[0:1]|BTEE| — |DCAE|TST
comp? EN'
HRESET 000 ID192 | 0 | ID212 ID222 ID212 ID(24:25)2 00_0000
Addr SPR 560

Figure 4-7. BBC Module Configuration Register (BBCMCR)
T MPC566 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).”

Table 4-4. BBCMCR Field Descriptions

Bits Name Description

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.

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.

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.

3.7 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.

MPC565 Reference Manual, REV 2.2
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Table 4-4. BBCMCR Field Descriptions (continued)

Bits Name Description

19 ETRE Exception Table Relocation Enable. This bit only has an effect if MSR[IP]=1. See details

in Section 4.3.1, “ETR Operation.”

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 MPC566, 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_COMP? Enable Compression. This bit enables or disables decompression-on mode of the

MPC566.

Note: For Rev D and later versions of the MPC565, 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.

22 EXC_COMP? Exception Compression. This bit determines the operation of the MPC566 with
exceptions. If this bit is set, the MPC566 assumes that 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.

Note: This bit has effects only when the EN_COMP bit is set.

0 The device assumes that exception routines are noncompressed.
1 The device assumes that all exception routines are compressed.

23 DECOMP_SC_EN? | Decompression Show Cycle Enable. This bit determines the way the MPC566 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 OERC[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 0OxO03FE000

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

27:29 — Reserved.
NOTE: Bit 27 was BCMEE and should be written as 0.

MPC565 Reference Manual, REV 2.2

4-20 Freescale Semiconductor



Burst Buffer Controller 2 Module

Table 4-4. BBCMCR Field Descriptions (continued)

Bits Name Description
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 MPC566 only, software should write "0" to this bit for MPC565.

4.6.2.2

NOTE

When writing to the BBCMCR register, the following instruction after
mtspr BBCMCR, Rx should be ISYNC, to make sure that the programmed
value will come into effect before any further action.

Region Base Address Registers (MI_RBA[0:3])

The following registers contain 32 bits and define the starting address of the 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_RBAO0), SPR 785 (MI_RBAT1), SPR 786 (MI_RBA2), SPR 787 (MI_RBA3)
Figure 4-8. Region Base Address Register (MI_RBA[0:3])
Table 4-5. MI_RBA[0:3] 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

NOTE

When the MPC566 operates in decompression on mode, a minimum of four
unused words MUST be left after the last instruction in any region.
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4.6.2.3 Region Attribute Registers (MI_RA[0:3])
The following registers define protection attributes and size 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
LsSB
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 (MI_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 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 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
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
! 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 MPC566.
MPC565 Reference Manual, REV 2.2
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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 Kbytes
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
O111_1111_1111_1111_1111 2 Gbytes
1111_1111_1111_1111_1111 |4 Gbytes

Global Region Attribute Register (MI_GRA)

The MI_GRA register defines protection attributes for memory region, not covered by
MI_RBJ0:3]/MI_RBAJ[0:3] registers. It also contains 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 O|ENR1|ENR2|ENR3 —

0000_0000_0000_0000

LsSB
16 17 18 19 20 21 2 23 24 25 26 27 28 29 30 31
— PP — G CMPR BTBINH —
0000_0000_0000_0000
SPR 528

Figure 4-10. Global Region Attribute Register (MI_GRA)
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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 ENRA1 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

T This field is available only on the MPC566.

NOTE

The MI_GRA register should be programmed to enable fetch access (PP and
G bits) before RCPU MSR[IR] is set.

MPC565 Reference Manual, REV 2.2
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4.6.2.5 External Interrupt Relocation Table Base Address Register (EIBADR)

MSB LSB
0 123 456 7 8 9 10111213 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

See Section A.4, “Decompressor Class Configuration Registers (DCCRO0-15)” for the registers of the
ICDU.
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Chapter 5
Unified System Interface Unit (USIU) Overview

The unified system interface unit (USIU) of the MPC565 consists of several functional modules that
control system start-up, system initialization and operation, system protection, and the external system
bus. The MPC565 USIU functions include the following and are discussed in the designated chapters:

» System configuration and protection with GPIO capability and an enhanced interrupt controller.
Refer to Chapter 6, “System Configuration and Protection.”

» System reset monitoring and generation, refer to Chapter 7, “Reset.”

» Clock synthesis, power management, and debug support. Refer to Chapter 8, “Clocks and Power
Control.”

» External bus interface (EBI), refer to Chapter 9, “External Bus Interface.”
» Memory controller that supports four memory banks. Refer to Chapter 10, “Memaory Controller.”

The USIU provides system configuration and protection features that control the overall system
configuration and supply various monitors and timers including the bus monitor, software watchdog timer,
periodic interrupt timer, decrementer, time base, and real-time clock. Freeze support and low power stop
is provided. The interrupt controller supports up to eight external interrupts, eight levels for all internal
USIU interrupt sources and 32 levels for internal peripheral modules on the IMB bus. It has an enhanced
mode of operation, which simplifies the MPC565 interrupt structure and speeds up interrupt processing.

Additionally, the USIU provides several pinout configurations that allow up to 64 general-purpose 1/0,
external 32-bit port that supports internal and external masters, and various debug functions.

Reset logic for the MPC565 provides soft and hard resets, checkstop and watchdog resets, and other types
of reset. The reset status register (RSR) reflects the most recent source to cause a reset.

The clock synthesizer generates the clock signals used by the USIU as well as the other modules and
external devices. This circuitry can generate a system clock from a range of crystals, typically in the 4 MHz
or 20 MHz range.

The USIU supports various low-power modes. Each one supplies a different range of power consumption,
functionality and wake-up time. Refer to Chapter 8, “Clocks and Power Control,” for details.

The EBI handles the transfer of information between the internal busses and the memory or peripherals in
the external address space. The MPC565 is designed to allow external bus masters to request and obtain
mastership of the system bus, and if required access the on-chip memory and registers. Refer to Chapter 9,
“External Bus Interface,” for details.

The memory controller module provides glueless interface to many types of memory devices and
peripherals. It supports up to four memory banks. Refer to Chapter 10, “Memory Controller,” for details.

MPC565 Reference Manual, REV 2.2
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Unified System Interface Unit (USIU) Overview

The USIU supports the internal Flash censorship mechanism on the MPC565 to protect the Flash contents.
Refer to Chapter 20, “CDR3 Flash (UC3F) EEPROM.” It is not possible to operate the MPC565 from the
external world while the Flash is in censorship mode and in a censorship state. The internal Flash array
will be either locked or accessible only after the entire array contents have been erased. The MPC565 is in
censored mode if one of the following events occurs:

* booting from external memory
e operating in peripheral mode or if accessed from an external master
» operating in debug mode (BDM or Nexus)

Figure 5-1 shows the USIU block diagram.

usiu
Memory Memory Control Lines R
Controller i’
U-Bus U-bus Address E-bus ’ E-Bus .
< = » Interface Interface | 4 "
P Data
Slave
Configuration Registers a Interface «
» Software Watchdog g
¢ Bus Monitor A
¢ Periodic Interrupt
¢ Timer and Decrementer
* Real-time Clock
* Debug v SGPIO |
¢ Pin Multiplexing b
e Interrupt Controller Clocks & Reset

Figure 5-1. USIU Block Diagram

5.1 Memory Map and Registers

Table 5-1 is an address map of the USIU registers and, unless otherwise noted, registers are 32 bits wide.
The address shown for each register is relative to the base address of the MPC565 internal memory map.
The internal memory block can reside in one of eight possible 4 Mbyte memory spaces. See Figure 1-3 for
details.

MPC565 Reference Manual, REV 2.2
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Unified System Interface Unit (USIU) Overview

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
0x2F 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/0O 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 1/O 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 2-5 for bit descriptions.
0x2F C03C Pads Module Configuration Register (PDMCR)
See Table 2-4 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 (SIPENDS3),” for bit descriptions.
0x2F C048 Interrupt Mask2 Register (SIMASK2)
See Section 6.2.2.2.5, “SIU Interrupt Mask Register 2 (SIMASK2),” for details.
0x2F C04C Interrupt Mask3 Register (SIMASKS3)
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-0x2F 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.
0x2F 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.
Ox2F C144 Dual-Mapping Option Register (DMOR)

See Table 10-12 for bit descriptions.

0x2F C148-0x2F C174

Reserved

0x2F C178! Memory Status (MSTAT)
See Table 10-7 for bit descriptions.
0x2F 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 (TBREF0 and TBREF1),” for bit
descriptions.
0x2F C208 Time Base Reference 1 (TBREF1)

See Section 6.2.2.4.3, “Time Base Reference Registers (TBREF0 and TBREF1),” for bit

descriptions.

0x2F C20C-0x2F
Cc21C

Reserved

MPC565 Reference Manual, REV 2.2

Freescale Semiconductor



Unified System Interface Unit (USIU) Overview

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.
0x2F C224 Real-Time Clock (RTC)
See Section 6.2.2.4.6, “Real-Time Clock Register (RTC),” for bit descriptions.
0x2F 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.

O0x2F C244 PIT Count (PITC)
See Table 6-21 for bit descriptions.

O0x2F C248 PIT Register (PITR)
See Table 6-22 for bit descriptions.

0x2F C24C—-0x2F Reserved
ca27C
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.

0x2F C28C’ Change of Lock Interrupt Register (COLIR)
See Table 8-12 for bit descriptions.

0x2F C290! VDDSRAM Control Register (VSRCR)

See Table 8-13 for bit descriptions.

0x2F 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.

0x2F C310-0x2F C31C

Reserved

MPC565 Reference Manual, REV 2.2
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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.

0x2F 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.

0x2F C330-0x2F C33C | Reserved

0x2F C340 PIT Status and Control Key (PISCRIK)
See Table 8-8 for bit descriptions.
O0x2F C344 PIT Count Key (PITCK)

See Table 8-8 for bit descriptions.

0x2F C348-0x2F C37C | Reserved

Clocks and Reset Keys

0x2F C380 System Clock Control Key (SCCRK)
See Table 8-8 for bit descriptions.

0x2F 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.

0x2F C38C-0x2F Reserved
C3FC

1 16-bit register.

5.1.1 USIU Special-Purpose Registers

Table 5-2 lists the MPC565 special purpose registers (SPR) used by the USIU. These registers reside in an
alternate internal memory space that can only be accessed with the mtspr and mfspr instructions, or from
an external master (refer to Section 6.1.2, “External Master Modes,” for 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 be accessed by an external master.
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Table 5-2. USIU Special-Purpose Registers

Internal Reaister 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 5-3 shows the MPC565 address format for special purpose register access. For an external master,
accessing an MPC500 SPR, address bits [0:17] and [28:31] are compared to zeros to confirm that an SPR
access is valid. See Section 6.1.2.1, “Operation in External Master Modes,” for 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 spr0:4

0
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Chapter 6

System Configuration and Protection
The MPC565 incorporates many system functions that normally must be provided in external circuits. In

addition, it is designed to provide maximum system safeguards against hardware and software faults. The
system configuration and protection sub-module provides the following features:

System Configuration (Section 6.1.1, “System Configuration”)—The USIU allows the
configuration of the system according to the particular requirements. The functions include control
of show cycle operation, pin multiplexing, and internal memory map location. System
configuration also includes a register containing part and mask number constants to identify the
part in software.

External Master Modes Support (Section 6.1.2, “External Master Modes”)—External master
modes are special modes of operation that allow an alternate master on the external bus to access
the internal modules for debugging and backup purposes.

General-Purpose 1/0 (Section 6.1.3, “USIU General-Purpose 1/0 ”)—The USIU provides 64 pins
for general-purpose 1/0. The SGPIO pins are multiplexed with the address and data pins.

Enhanced Interrupt Controller (Section 6.1.4, “Enhanced Interrupt Controller”)—The interrupt
controller receives interrupt requests from a number of internal and external sources and directs
them on a single interrupt-request line to the RCPU.

Bus Monitor (Section 6.1.5, “Hardware Bus Monitor”)—The SIU provides a bus monitor to watch
internal to external accesses. It monitors the transfer acknowledge (TA) response time for internal
to external transfers. A transfer error acknowledge (TEA) is asserted if the TA response limit is
exceeded. This function can be disabled.

Decrementer (Section 6.1.6, “Decrementer (DEC)”)—The DEC is a 32-bit decrementing counter
defined by the architecture to provide a decrementer interrupt. This binary counter is clocked by
the same frequency as the time base (also defined by the MPC565 architecture). The period for the
DEC when driven by a 4-MHz oscillator can be up to 4295 seconds, which is approximately 71.6
minutes. Refer to Table 6-6.

Time Base Counter (Section 6.1.7, “Time Base (TB)”)—The TB is a 64-bit counter defined by the
MPC500 architecture to provide a time base reference for the operating system or application
software. The TB has four independent reference registers that can generate a maskable interrupt
when the time-base counter reaches the value programmed in one of the four reference registers.
The associated bit in the TB status register will be set for the reference register which generated
the interrupt.

Real-Time Clock (Section 6.1.8, “Real-Time Clock (RTC)”)—The RTC is used to provide
time-of-day information to the operating system or application software. It is composed of a 45-bit
counter and an alarm register. A maskable interrupt is generated when the counter reaches the value
programmed in the alarm register. The RTC is clocked by the same clock as the PIT.
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Periodic Interrupt Timer (Section 6.1.9, “Periodic Interrupt Timer (PIT)”)—The SIU provides a
timer to generate periodic interrupts for use with a real-time operating system or the application
software. The PIT provides a period from 1 ps to 4 seconds with a four-MHz crystal or 200 ns to
0.8 ms with a 20-MHz crystal. The PIT function can be disabled.

Software Watchdog Timer (Section 6.1.10, “Software Watchdog Timer (SWT)”)—The SWT
asserts a reset or non-maskable interrupt, as selected by the system protection control register
(SYPCR), if the software fails to service the SWT for a designated period of time (e.g., because the
software is trapped in a loop or lost). After a system reset, this function is enabled with a maximum
time-out period and asserts a system reset if the time-out is reached. The SWT can be disabled or
its time-out period can be changed in the SYPCR. Once the SYPCR is written, it cannot be written
again until a system reset.

Freeze Support (Section 6.1.11, “Freeze Operation”)—The SIU allows control of whether the
SWT, PIT, TB, DEC, and RTC should continue to run during freeze mode.

Low Power Stop (Section 6.1.12, “Low Power Stop Operation”)—In low power modes, specific
timers are frozen but others are not.

Figure 6-1 shows a block diagram of the system configuration and protection logic.
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Figure 6-1. System Configuration and Protection Logic

6.1 System Configuration and Protection Features

The system configuration and protection sub-module provides features described in the following sections.

6.1.1 System Configuration

The SIU allows the configuration of the system according to the particular requirements. The functions
include control of show cycle operation, pin multiplexing, and internal memory map location. System
configuration also includes a register containing part and mask number constants to identify the part in
software.

System configuration registers include the SIU module configuration register (SIUMCR), and the internal
memory mapping register (IMMR). Refer to Section 6.2.2, “System Configuration and Protection
Registers,” 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 sections of the USIU (external bus interface, memory
controller, and general-purpose 1/0) share pins. Table 6-1 summarizes how the pin functions of these
multiplexed pins are assigned.

Table 6-1. USIU Pin Multiplexing Control

Pin Name Multiplexing Controlled by:
IRQO / SGPIOCO At Power-On Reset: MODCK([1:3]
IRQ1/RSV/SGPIOCT Otherwise: Programmed in SIUMCR
IRQ2/ CR/SGPIOC2 / MTS Note:MDO4 is controlled by READI enable.
IRQ3 /KR /RETRY / SGPIOC3
IRQ4 / AT2 / SGPIOC4
IRQ5 / SGPIOC5 / 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] / VFLSI[0:1]
BI/STS

WEJ[0:3] / BE[0:3] / AT[0:3]
TDI/DSDI / MDIO

TCK/DSCK /MCKI

TDO / DSDO / MDOO

DATA[0:31] / SGPIODI[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 arbitration. The external arbitration (EARB) bit determines
whether arbitration is performed internally or externally. If EARB is cleared (internal arbitration), the
external arbitration request priority (EARP) bit determines the priority of an external master’s arbitration
request. The operation of the internal arbiter is described in Section 9.5.7.4, “Internal Bus Arbiter.”

6.1.2 External Master Modes

External master modes are special modes of operation that allow an alternative master on the external bus
to access the internal modules for debugging and backup purposes. They provide access to the internal
buses (U-bus and L-bus) and to the intermodule bus (IMB3).

There are two external master modes:

» Peripheral mode (enabled by setting PRPM in the external master control (EMCR) register) uses a
special slave mechanism that shuts down the RCPU and an alternative master on the external bus
can perform accesses to any internal bus slave.
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» Slave mode (enabled by setting EMCR[SLVM] and clearing EMCR[PRPM]) enables an external
master to access any internal bus slave while the RCPU is fully operational.

Both modes can be enabled and disabled by software. In addition, peripheral mode can be selected from
reset.

The internal bus is not capable of providing priority between internal RCPU accesses and external master
accesses. If the bandwidth of external master accesses is large, it is recommended that the system force
gaps between external master accesses in order to avoid suspension of internal RCPU activity.

The MPC565 does not support burst accesses from an external master; only single accesses of 8, 16, or 32
bits can be performed. The MPC565 asserts burst inhibit (BI) on any attempt to initiate a burst access to
internal memory.

The MPC565 provides memory controller services for external master accesses (single and burst) to
external memories. See Chapter 10, “Memory Controller,” for details.

6.1.2.1 Operation in External Master Modes

The external master modes are controlled by the EMCR register, which contains the internal bus attributes.
The default attributes in the EMCR allow an external master to configure the EMCR with the required
attributes and access internal registers. The external master must be granted external bus ownership in
order to initiate the external master access. The SIU compares the address on the external bus to the
allocated internal address space. If the address is within the internal space, the access is performed with
the internal bus. The internal address space is determined according to IMMR[ISB] (see Section 6.2.2.1.2,
“Internal Memory Map Register (IMMR),” for details). The external master access is terminated by the
TA, TEA, or RETRY signal on the external bus.

A deadlock situation might occur if an internal-to-external access is attempted on the internal bus while an
external master access is initiated on the external bus. In this case, the SIU will assert RETRY on the
external bus in order to relinquish and retry the external access until the internal access is completed. The
internal bus will deny other internal accesses for the next eight clocks in order to complete the pending
accesses and prevent additional internal accesses from being initiated on the internal bus. The SIU will
also mask internal accesses to support consecutive external accesses if the delay between the external
accesses is less than four clocks. The external master access and retry timings are described in

Section 9.5.12, “Bus Operation in External Master Modes.”

The external master may access the internal MPC565 special registers that are located outside the RCPU.
To access one of these special purpose registers (see Section 5.1.1, “USIU Special-Purpose Registers™),
EMCR[CONT] must be set and EMCR[SUPU] must be cleared. The external master can then access the
special register when it is provided the address according to the MPC565 address map. Only the first
external master access that follows EMCR setting will be assigned to the special register map; any
subsequent accesses will be directed to the normal address map. This is done in order to enable access to
the EMCR again after the required MPC565 special register access.

Peripheral mode does not require external bus arbitration between the external master and the internal
RCPU, since the internal RCPU is disabled. The BR and BB signals should be connected to ground, and
the internal bus arbitration should be selected in order to prevent the “slave” MPC565 from occupying the
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external bus. Internal bus arbitration is selected by clearing SIUMCR[EARB] (see Section 6.2.2.1.1, “SIU
Module Configuration Register (SIUMCR)”).

6.1.2.2 Address Decoding for External Accesses

During an external master access, the USIU compares the external address with the internal address block
to determine if MPC565 operation is required. Since only 24 of the 32 internal address bits are available
on the external bus, the USIU assigns zeros to the most significant address bits (ADDR[0:7]).

The address compare sequence can be summarized as follows:

* Normal external access. If EMCR[CONT] is cleared, the address is compared to the internal
address map. Refer to Section 6.2.2.1.3, “External Master Control Register (EMCR)”.

— MPC565 special register external access. If EMCR[CONT] is set by the previous external
master access, the address is compared to the MPC565 special address range. See
Section 5.1.1, “USIU Special-Purpose Registers,” for a list of the SPRs in the USIU.

— Memory controller external access. If the first two comparisons do not match, the internal
memory controller determines whether the address matches an address assigned to one of the
regions. If it finds a match, the memory controller generates the appropriate chip select and
attribute accordingly

When trying to fetch an MPC565 special register from an external master, the address might be aliased to
one of the external devices on the external bus. If this device is selected by the MPC565 internal memory
controller, this aliasing does not occur since the chip select is disabled. If the device has its own address
decoding or is being selected by external logic, this case is resolved.

NOTE

This section does not address slave accesses 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 I/0

The USIU provides 64 general-purpose 1/0 (SGPIO) pins (See Table 6-2). The SGPIO pins are
multiplexed with the address and data pins. In single-chip mode, where communicating with external
devices is not required, all 64 SGPIO pins can be used. In multiple-chip mode, only eight SGPIO pins are
available. Another configuration allows the use of the address bus for instruction show cycles while the
data bus is dedicated to SGPIO functionality. The functionality of these pins is assigned by the single-chip
(SC) bit in the SIUMCR. (See Section 6.2.2.1.1, “SIU Module Configuration Register (SIUMCR).”)

SGPIO pins are grouped as follows:
» Six groups of eight pins each, whose direction is set uniformly for the whole group
» 16 single pins whose direction is set separately for each pin

Table 6-2 describes the SGPIO signals, and all available configurations. The SGPIO registers are
described in Section 6.2.2.5, “General-Purpose 1/0 Registers.”
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Table 6-2. SGPIO Configuration

System Configuration and Protection

Available Available Wr?ev:lsl:acl:ol—e1o 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-Lhip (Single-Chip
. . Mode with
Size Mode) Size Mode) Mode)
Trace)
SGPIODI0:7] GDDRO X X
SGPIOD[8:15] GDDR1 X X
SGPIOD[16:23] GDDR2 X X
SGPIOD[24:31] SDDRD[23:31] X X
SGPI10C[0:7]! SDDRC[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 6-2 illustrates the functionality of the SGPI1O.

Clock 4——

i+ i
Internal | Read Path |
Bus
| I
|
| GPIO
Read
: GPIO Register. 7y
Write
Read | Register :
Write Path

SGPIO

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 reduction from that of the MPC555.

Simplified interrupt structure

Up to 48 different interrupt requests

Splitting of single external interrupt vector into up to 48 vectors, one for each source

Automatic lower priority requests masking

Full backward compatibility with MPC555/MPC556 (enhanced mode is software programmable.)

6.1.4.2 Interrupt Configuration

An overview of the MPC565 interrupt structure is shown in Figure 6-3. The interrupt controller receives
interrupts from USIU internal sources, such as PIT, RTC, from the UIMB module (which has its own
interrupt controller) or from the IMB3 bus (directly from IMB modules) and from external pins IRQ[0:7].

MPC565 Reference Manual, REV 2.2
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Figure 6-3. MPC565 Interrupt Structure

If programmed to generate an interrupt, the SWT and external pin IRQO always 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 exception for any other asserted interrupt request, and the
decrementer exception when the decrementer MSB changes from O to 1.
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The decrementer interrupt request is not a part of the interrupt controller. Each one of the external pins
IRQ[1:7] has its own dedicated assigned priority level. IRQO is also mapped, but it should be used only as
a status bit indicating that IRQO was asserted and generated NMI interrupt. There are eight additional
interrupt priority levels. Each one of the SIU internal interrupt sources, or any of the peripheral module
interrupt sources can be assigned by software to any one of the eight interrupt priority levels. Thus, a very
flexible interrupt scheme is implemented. The interrupt request signal generated by the interrupt controller
is driven to the RPCU core and to the IRQOUT pin (optionally). This pin may be used in peripheral mode,
when the RCPU is disabled, and the internal modules are accessed externally. The IMB interrupts are
controlled by the UIMB. The IMB provides 32 interrupt levels, and any interrupt source could be
configured to any IMB interrupt level. The UIMB contains a 32-bit register that holds the IMB interrupt
requests, and maps them to the USIU eight interrupt levels.

NOTE

If one interrupt level was configured to more than one interrupt source, the
software should read the UIPEND register in the UIMB module, and the
particular status bits in order to identify which interrupt was asserted.

The interrupt controller may be programmed to operate in two modes—a regular mode or an enhanced
mode.

6.1.4.3 Regular Interrupt Controller Operation (MPC555/MPC556-Compatible
Mode)

In regular operation mode (default setting) the interrupt controller receives interrupt requests from internal
sources, such as timers, PLL lock detector, IMB modules and from external pins IRQ[0:7]. All the internal
interrupt sources may be programmed to drive one or more of eight U-bus interrupt level lines while the
RCPU, upon receiving an interrupt request, has to read the USIU and UIMB status register in order to
determine the interrupt source.

The SIVEC register contains an 8-bit code representing the unmasked interrupt request which has the
highest priority level. The priority between all interrupt sources for the regular interrupt controller
operation is shown in Table 6-3.

Table 6-3. Priority of Interrupt Sources—Regular Operation

Number PE::ITIV Intgrer:g’ti;?:r:ce Off::;lln (ﬁ:l:;m SIVEC Interrupt Code’
0 Highest EXT_IRQO 0x0000 00000000
1 — Level O 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
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Table 6-3. Priority of Interrupt Sources—Regular Operation

Number PS:VTIV Intgg:ﬁ;?:;ce Of]?:;lln (ﬁZSCh SIVEC Interrupt Code'
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

' This is the value in the 8 most significant bits of the SIVEC register (SIVEC[25:31]).

Each interrupt request from external lines and from USIU internal interrupt sources in the case of its
assertion will set a corresponding bit in SIPEND register. The individual 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 may be turned on by setting the EICEN control bit in the
SIUMCR register. In this mode the 32 IMB interrupt levels will be latched by USIU using eight IMB
interrupt lines and two lines of ilbs via the time multiplexing scheme defined by the UIMB module. In
addition to the IMB interrupt sources the external interrupts and timer interrupts are available in the same
way as in the regular scheme. In this mode, the UIMB module does not drive U-bus interrupt level lines.
Each interrupt request will set a corresponding bit in SIPEND2 or SIPEND3 registers. SIPEND2 an
SIPEND3 may be masked by clearing an appropriate bit in SIMASK2 or SIMASK3 registers.

The priority logic is provided in order to determine the highest unmasked interrupt request, and interrupt
code is generated in the SIVEC register. See Table 6-4.

NOTE

If the enhanced interrupt controller is enabled, a delay is required prior to
re-enabling interrupts. Before clearing an interrupt related register, clear the
MSR[EE] bit (EE = 0). Expect a vector offset of 0x0 if an interrupt is cleared
or disabled while MSR[EE] = 1. This vector should be handled as if no
interrupt has occured, that is, perform an rfi instruction. After clearing an
interrupt source, sufficient time must elapse before re-enabling the
MSRI[EE] bit (EE = 1). This time should take longer than the time needed
for a load of the same register that was just cleared. To guarantee enough
time, include this load instruction before the instruction that sets MSR[EE].

MPC565 Reference Manual, REV 2.2
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Table 6-4. Priority of Interrupt Sources—Enhanced Operation

Number Priority Level Intg:':gti;ci):;ce O_If_;sb(-lzlir(lHil;(a)?gh SIVEC Interrupt Code®
0 Highest (see note above)* 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 0x00EO 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 Int;::gti;?:r:ce o;;ii"(‘l_zg?,‘;h 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
44 — 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 =

The branch table feature can be used only if the BBCMCRI[EIR] 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 MSRI[EE].

The value of the SIVEC register is supplied internally to the BBC module and can be used as an offset to
the branch table start address for the external interrupt relocation feature. Thus a fast way to a specific
interrupt source routine is provided without software overhead. The BBCMCR (see Section 4.6.2.1, “BBC

Module Configuration Register (BBCMCR)”) and EIBADR (see Section 4.6.2.5, “External Interrupt

Relocation Table Base Address Register (EIBADR)”) registers must be programmed to enable this feature

in the BBC. Additionally, the SIPEND2 and SIPEND3 registers contain the information about all the

interrupt requests that are asserted at a given time, so that software can always read them.

NOTE

When the enhanced interrupt controller is enabled the SIPEND and
SIMASK registers are not used.
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6.1.4.41 Lower Priority Request Masking

This feature (if enabled) simplifies the masking of lower priority interrupt requests when a request of
certain priority is in service in applications that require interrupt nesting. The highest (pending) request is
also masked by itself. The masking is accomplished in the following way.

Upon asserting an interrupt request the BBC generates an acknowledge signal to notify the interrupt
controller that the request and the branch table offset have been latched. The interrupt controller then sets
a bitin the SISR register (interrupt in-service register), according to the asserted request. All other requests
whose priority is lower than or equal to the one that is currently in-service, become masked. The mask
remains set until the SISR bit is cleared by software (by the interrupt handler routine), writing a ‘1’ value
to the corresponding bit. The lower priority request masking diagram is presented in Figure 6-4.

The lower priority request masking feature is disabled by HRESET and it may be enabled by setting the
LPMASK_EN bit in the SIUMCR register.

NOTE
In the regular mode of the interrupt controller the lower priority request
masking feature is not available.

The feature must be activated only together with exception table relocation in the BBC module.

Enable
From biti-1  control bit
(LPMASK_EN)

To SIVEC
generation
SIPEND [i] —\ To RCPU
\ External
/ interrupt
SIMASK [] |— Peheation
(OR between
IMPU Set
acknowledge SISR(] D—<
Reset by -
software Reset

To biti+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 that may be enabled according to a user’s application using
the EICEN control bit in SIUMCR register, which can be set and cleared at any time by software. If the bit
is cleared, the default interrupt controller operation is available, as described in Section 6.1.4.3, “Regular
Interrupt Controller Operation (MPC555/MPC556-Compatible Mode).” The regular operation is fully
compatible with the interrupt controller already implemented in MPC555/MPC556.

Figure 6-5 illustrates the interrupt controller functionality in the MPC565.
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Figure 6-5. MPC565 Interrupt Controller Block Diagram
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6.1.4.5 Interrupt Overhead Estimation for Enhanced Interrupt Controller Mode

The interrupt overhead consists of two main parts:

» Storage of general and special purpose registers

» Recognition of the interrupt source
The interrupt overhead can increase latency, and decrease the overall system performance. The overhead
of register saving time can be reduced by improving the operating system. The number of registers that

should be saved can be reduced if each interrupt event has its own interrupt vector. This solution solves
the interrupt source recognition overhead. Table 6-5 below illustrates the improvements.

Only registers required for the recognition routine are considered to be saved in the calculations below.
Recognition of module internal events/channels is out of the scope of the calculations. See also the typical
interrupt handler flowchart in Figure 6-6.

Table 6-5. Interrupt Latency Estimation for Three Typical Cases

MPC565 Architecture Using

MPC565 Architecture MPC565 Architecture Using Enhanced Interrupt
Without Using SIVEC SIVEC
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 overhead are not included in the calculations.
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Saving the CPU
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Interrupt

i
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v

Clearing interrupt
source

Disabling interrupt

¢ _______ vY______
r hl

Clearing in-service bit Lol ol D ______ J
. ]
Restoring the CPU
context
T~~~ Flow without lower priority
"~ 77" masking enabled
|:| Flow with lower priority
RFI

masking enabled

Figure 6-6. Typical Interrupt Handler Routine

6.1.5 Hardware Bus Monitor

The bus monitor ensures that each bus cycle is terminated within a reasonable period of time. The USIU
provides a bus monitor option to monitor internal to external bus accesses on the external bus. The monitor
counts from transfer start to transfer acknowledge and from transfer acknowledge to transfer acknowledge
within bursts. If the monitor times out, transfer error acknowledge (TEA) is asserted internally by the
MPC565, and RCPU access is terminated with a data error, causing a machine check state or exception.
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The bus monitor timing bit in the system protection control register (SYPCR[BMT]) defines the bus
monitor time-out period. The programmability of the time-out allows for variation in system peripheral
response time. The timing mechanism is clocked by the external bus clock divided by eight. The maximum
value is 2040 system clock cycles.

SYPCR[BME] enables or disables the bus monitor. But regardless 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-bit decrementing counter defined by the MPC565 architecture to provide
a decrementer interrupt. This binary counter is clocked by the same frequency as the time base (also
defined by the MPC500 architecture). The operation of the time base and decrementer are therefore
coherent. The DEC is clocked by the TMBCLK clock. The decrementer period is computed as follows:

232
Tpec =
FrmBCLK
The state of the DEC is not affected by any resets and should be initialized by software. The DEC runs
continuously after power-up once the time base is enabled by setting the TBE bit of the TBSCR (see
Table 6-18) (unless the clock module is programmed to turn off the clock). The decrementer continues
counting while reset is asserted.

Reading from the decrementer has no effect on the counter value. Writing to the decrementer replaces the
value in the decrementer with the value in the GPR.

Whenever bit 0 (the MSB) of the decrementer changes from zero to one, a decrementer exception occurs.
If software alters the decrementer such that the content of bit 0 is changed to a value of 1, a decrementer
exception occurs.

A decrementer exception causes a decrementer interrupt request to be pending in the RCPU. When the
decrementer exception is taken, the decrementer interrupt request is automatically cleared.

Table 6-6 illustrates some of the periods available for the decrementer, assuming 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 decrementer. See Section 6.2.2.4.4,
“Time Base Control and Status Register (TBSCR),” for more information.

Table 6-6. Decrementer Time-Out Periods

Count Value Time-Out @ 4 MHz Time-Out @ 20 MHz
0 1.0 ys 0.2 ys
9 10 us 2.0 ys
99 100 ps 20 ps
999 1.0 ms 200 ps
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Table 6-6. Decrementer Time-Out Periods (continued)

Count Value Time-Out @ 4 MHz Time-Out @ 20 MHz
9999 10.0 ms 2ms
999999 1.0s 200 ms
9999999 10.0s 20s
99999999 100.0 s 20s
999999999 1000 s 200 s
(hex) FFFFFFFF 4295 s 859 s

Refer to Section 3.9.5, “Decrementer Register (DEC),” for more information.

6.1.7 Time Base (TB)

The time base (TB) is a 64-bit free-running binary counter defined by the MPC500 architecture. The TB
has two independent reference registers which can generate a maskable interrupt when the time base
counter reaches the value programmed in one of the two reference registers. The period of the TB depends
on the driving frequency. The TB is clocked by the TMBCLK clock. The period for the TB is:

264

T -
FIMBCLK

B

The state of TB is not affected by any resets and should be initialized by software. Reads and writes of the
TB are restricted to special instructions. Separate special-purpose registers are defined in the MPC500
architecture for reading and writing the TB. For the MPC565 implementation, it is not possible to read or
write the entire TB in a single instruction. Therefore, the mttb and mftb instructions are used to move the
lower half of the time base (TBL) while the mttbu and mftbu instructions are used to move the upper half
(TBU).

Two reference registers are associated with the time base: TBREFO and TBREF1. A maskable interrupt is
generated when the TB count reaches to the value programmed in one of the two reference registers. Two
status bits in the time base control and status register (TBSCR) indicate which one of the two reference
registers generated the interrupt.

Refer to Section 6.2.2.4, “System Timer Registers,” for diagrams and bit descriptions of TB registers.
Refer to Section 3.9.4, “Time Base Facility (TB) — OEA,” and to the RCPU Reference Manual for
additional information.

6.1.8 Real-Time Clock (RTC)

The RTC is a 32-bit counter and pre-divider used to provide a time-of-day indication to the operating

system and application software as show in Figure 6-7. It is clocked by the PITRTCLK clock. The counter
is not affected by reset and operates in all low-power modes. It is initialized by software. The RTC can be
programmed to generate a maskable interrupt when the time value matches the value programmed in its
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associated alarm register. It can also be programmed to generate an interrupt once a second. A control and
status register is used to enable or disable the different functions and to report the interrupt source.

NOTE
PITRTCLK can be divided by 4 or 256. See Table 8-1 for default settings.

FREEZE

l RTSEC
. Sec
PITRTCLK Clock Divide Interrupt

Clock Disable |4 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 consists of a 16-bit counter clocked by the PITRTCLK clock signal supplied
by the clock module as shown in Figure 6-8.

The 16-bit counter counts down to zero when loaded with a value from the PITC register. After the timer
reaches zero, the PS bit is set and an interrupt is generated if the PIE bit is a logic one. The software service
routine should read the PS bit and then write a zero to terminate the interrupt request. At the next input
clock edge, the value in the PITC is loaded into the counter, and the process starts over again.

When a new value is written into the PITC, the periodic timer is updated, the divider is reset, and the
counter begins counting. If the PS bit is not cleared, an interrupt request is generated. The request remains
pending until PS is cleared. If the PS bit is set again prior to being cleared, the interrupt remains pending
until PS is cleared.

Any write to the PITC stops the current countdown, and the count resumes with the new value in PITC. If
the PISCR[PTE] bit is not set, the PIT is unable to count and retains the old 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 v

PIT
- Interrupt
PIE (PISCR)[
PITF (PISCR)

Figure 6-8. PIT Block Diagram

The timeout period is calculated as:

_ PITC+1 _ PITC+1

PIT = =
PERIOD
FPITRTCLK <ExternaICIock
4 or 256

)

Solving this equation using a 4-MHz external clock and a pre-divider of 256 gives:

_PITC+1
PIToERIOD = 5605

This gives a range from 64 microseconds, with a PITC of 0x0000, to 4.19 seconds, with a PITC of OXFFFF.
When a 20-MHz crystal is used with a pre-divider of 256, the range is between 12.8 microseconds to 0.84
seconds.

6.1.10 Software Watchdog Timer (SWT)

The software watchdog timer (SWT) prevents system lockout in case the software becomes trapped in
loops with no controlled exit. The SWT is enabled after system reset to cause a system reset if it times out.
The SWT requires a special service sequence to be executed on a periodic basis. If this periodic servicing
action does not occur, the SWT times out and issues a reset or a non-maskable interrupt (NMI), depending
on the value of the SWRI bit in the SYPCR register.

The SWT can be disabled by clearing the SWE bit in the SYPCR. Once the 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 software service register (SWSR)
2. Write 0XAA39 to the SWSR

The service sequence clears the watchdog timer and the timing process begins again. If any value other
than 0x556C or 0OXAA39 is written to the SWSR, the entire sequence must start over.
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Although the writes must occur in the correct order prior to time-out, any number of instructions may be
executed between the writes. This allows interrupts and exceptions to occur, if necessary, between the two
writes.

Reset Not 0x556C/Don’t Reload
ese 0x556C/Don't Reload

State 0 State 1
Waiting for 0x556C Waiting for OXAA39

‘LOxAASQI Reload

Not 0XxAA39/Don’'t Reload

Not 0x556C/Don’t Reload

Figure 6-9. SWT State Diagram

Although most software disciplines support the watchdog concept, different systems require different
time-out periods. For this reason, the software watchdog provides a selectable range for the time-out
period.

In Figure 6-10, the range is determined by the value in the SWTC field. The value held in the SWTC field
is then loaded into a 16-bit decrementer clocked by the system clock. An additional divide by 2048
prescaler is used if necessary. The decrementer begins counting when loaded with a value from the
software watchdog timing count field (SWTC). After the timer reaches 0x0, a software watchdog
expiration request is issued to the reset or NMI control logic.

Upon reset, the value in the SWTC is set to the maximum value and is again loaded into the software
watchdog register (SWR), starting the process over. When a new value is loaded into the SWTC, the
software watchdog timer is not updated until the servicing sequence is written to the SWSR. If the SWE
is loaded with the value zero, the modulus counter does not count (i.e. SWTC is disabled).

MPC565 Reference Manual, REV 2.2

6-22 Freescale Semiconductor



System Configuration and Protection

SWSR
SWE Service
(SYPCR) Logic SWTC
System__ | Clock Divide By r
Clock Disable 2048 »| Reload _
i 16-bit Reset
MUX|—————»  SwR/Decrementer or NMI
T Rollover =0
FREEZE T /
—— » Time-out
SWP
(SYPCR)

Figure 6-10. SWT Block Diagram

6.1.11 Freeze Operation

When the FREEZE line is asserted, the clocks to the software watchdog, the periodic interrupt timer, the
real-time clock, the time base counter, and the decrementer can be disabled. This is controlled by the
associated bits in the control register of each timer. If programmed to stop during FREEZE assertion, the
counters maintain their values while FREEZE is asserted. The bus monitor remains enabled regardless of
this signal.

6.1.12 Low Power Stop Operation

When the processor is set in a low-power mode (doze, sleep, or deep-sleep), the software watchdog timer
is frozen. It remains frozen and maintains its count value until the processor exits this state and resumes
executing instructions.

The periodic interrupt timer, decrementer, and time base are not affected by these low-power modes. They
continue to run at their respective frequencies. These timers are capable of generating an interrupt to bring
the MCU out of these low-power modes.

6.2 Memory Map and Register Definitions

This section provides the MPC565 memory map, register diagrams and bit descriptions of the system
configuration and protection registers.

6.2.1 Memory Map

The MPC565 internal memory space can be assigned to one of eight locations.
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The internal memory map is organized as a single 4-Mbyte block. The user can assign this block to one of
eight locations by programming the ISB field in the internal memory mapping register (IMMR). The eight
possible locations are the first eight 4-Mbyte memory blocks starting with address 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

OX01FF FFFF

OXFFFF FFFF

Figure 6-11. MPC565 Memory Map

6.2.2 System Configuration and Protection Registers
This section describes the MPC565 registers.

6.2.2.1 System Configuration Registers
System configuration registers include the SIUMCR, the IMMR, and the EMCR registers.
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6.2.2.1.1 SIU Module Configuration Register (SIUMCR)

The SIUMCR contains bits which configure various features in the SIU module. The register 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 —1 ATWC | GPC |DLK
HRESET| ID0? 000_0000_0 ID[9:10]% ID112 ID122 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 | 5| EICEN | =gy TENG —
HRESET| 0 |ID[17:18]% 0_0000_0000_0000

1 DBPC in mask set K85H.

2 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).”

3 Burst enable is available on MPC565, Rev D and later.
Figure 6-12. SIU Module Configuration Register (SIUMCR)

WARNING

All SIUMCR fields which are controlled by the reset configuration word
should not be changed by software while the corresponding 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.’
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Table 6-7. SIUMCR Bit Descriptions (continued)

Bits Name Description

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 WEJ0:3)/BE[0:3]/AT[0:3] functions as AT[0:3]

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/SGPIOC2/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_ENS3 |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