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About This Document

The primary objective of thisdocument isto provide adetailed functional description of the
60x bus interface, asimplemented on the PowerPC 601™, PowerPC 603™, and PowerPC
604™ family of PowerPC™ microprocessors. This document is intended to help system
and chip set developers by providing a centralized reference source to identify the bus
Interface presented by the 60x family of PowerPC microprocessors. This document should
be used with the individual microprocessors user’s manuals, hardware specifications, and
the Power PC Microprocessor Family: The Programming Environments (referred to as The
Programming Environments Manual).

The 60x bus is the communication channel for the first generation of PowerPC
microprocessors. This bus description documents the current operations and system
implementation information for the following PowerPC processors:

» PowerPC 601 processor. The 601 isthefirst PowerPC processor and is designed for
desktop, server, and workstation implementations and is designed to support
implementation in multiprocessing systems.

» PowerPC 603 processors. References to the 603 include the PowerPC 603e™
processors unless otherwise specified. The 603 family of processorsisoptimized for
implementation in low-power systems, and includes bus support for power
management, but provides less support for multiprocessing than either the 601 or
604 families of processors.

*  PowerPC 604 processors. References to the 604 include the PowerPC 604e™
processors unless specified otherwise. The 604 family of processorsis designed for
implementation in desktop, workstation, and server systems and provides extensive
support both for multiprocessing and for power management.

Although this book can be used as a general guide for the PowerPC 602™ processor, and
for some other 32-bit PowerPC processors, it does not include descriptions of operations
unique to that processor.

All of these processors support 32-bit addressing, and provide separate address and data
buses. All provide 64-bit data buses, and some allow the option of configuring the data bus
to work in an optional 32-bit mode.

The 60x bus allows processors to access or otherwise communicate with other resources
that may share the bus, including system memory, secondary caches, I/O devices, bus
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arbiters, and other devices. By and large, the 60x bus implementation is consistent among
the 601, 603, and 604; however, because the PowerPC architecture supports a broad range
of system implementations, each processor offers unique features.

Primary goals of thisbook are to provide the reader with an understanding of the operations
of the basic signals that are common to and required by all 60x processors as well as a
familiarity with those signals that are not common to all parts or required for basic
operation that can maximize the performance of a system implementation. To aid in this
understanding, this document focuses on the following bus rel ationships among current 60x
Mi Croprocessors:

¢ Genera bus characteristics

» Common bus characteristics
» Differences between current implementations

This document specifically describes the communication signals and protocols used by the
601, 603, and 604, and does not describe the power, test, and clock signals. For that
information, refer to the particular 60x microprocessor user’s manual.

In this document, the terms ‘601’, ‘603’, ‘603€’ ‘604", ‘604€’, and ‘60x bus are used as
abbreviations for ‘PowerPC 601 microprocessor’, ‘PowerPC 603 microprocessor’,
PowerPC 603e microprocessor’, ‘PowerPC 604 microprocessor’, PowerPC 604e
microprocessor’, and * PowerPC 60x microprocessor businterface’, respectively. Theterms
‘processor businterface’ and ‘interface’ are analogous with the 60x bus.

To locate any published errata or updates for this document, refer to the world-wide web at
http://www.mot.com/powerpc/ or at http://www.chips.ibm.com/products/ppc.

Audience

This document is intended for system and processor hardware developers who are
developing products that incorporate or interface with the 60x microprocessors. It can also
benefit software developers who work with products that use these microprocessors.

Organization
Following is asummary and brief description of the major sections of this manual:

» Chapter 1, “Overview,” isuseful for readerswanting ageneral understanding of the
features and functions of the PowerPC processor interface. It defines various
operational subsets of these features and functions.

» Chapter 2, “Signal Descriptions,” describes each processor input and output signal
and gives timing considerations.

* Chapter 3, “Memory Access Protocol,” describes the operation of the processor
interface for memory operations.

PowerPC™ Microprocessors: Bus Interface for 32-Bit Microprocessors
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» Chapter 4, “Memory Coherency,” describes bus features and protocols for
maintaining coherency in uniprocessor and multiprocessor systems.

» Chapter 5, “System Status Signals,” describes the operation of the interrupt,
checkstop, and reset signals. It also includes a brief overview of the asynchronous
exceptions, with particular attention given to the differences in how the 60x
processors implement those exceptions.

» Chapter 6, “Additional Bus Configurations,” describes some alternate modes
available for the bus.

» Chapter 7, “Direct-Store Interface,” describesthe optional direct-store interface for
synchronous |/0O.

» Chapter 8, “ System Considerations,” givesuseful information for designing systems
that use the processor bus.

» Appendix A, “Processor Summary,” summarizes the processor objectives and a
table comparing processor behavior.

» Appendix B, “Processor Clocking Overview,” describes the clocking for the 601,
603, and 604.

» Appendix C, “Processor Upgrade Suggestions,” describes considerations for
systems designed to alow a processor upgrade.

* Appendix D, “L2 Considerations for the PowerPC 604 Processor,” gives useful
information for those implementing an L2 cache on a system with a 604.

» Appendix E, “Coherency Action Tables,” provides a comprehensive table of
coherency actions that are generated in response to various bus operations in
different contexts such as WIM hit settings, cache state, and bus states.

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.

General Information

The following documentation provides useful information about the PowerPC architecture
and computer architecture in general:

» Thefollowing booksare avail able from the M organ-K aufmann Publishers, 340 Pine
Street, Sixth Floor, San Francisco, CA 94104; Tel. (800) 745-7323 (U.S.A.), (415)
392-2665 (International); internet address: mkp@mkp.com.

— The PowerPC Architecture: A Specification for a New Family of RISC
Processors, Second Edition, by International Business Machines, Inc.

Updates to the architecture specification are accessible via the world-wide web
at http://www.austin.ibm.com/tech/ppc-chg.html.
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— PowerPC Microprocessor Common Hardware Reference Platform: A System
Architecture, by Apple Compuiter, Inc., International Business Machines, Inc.,
and Motorola, Inc.

— Macintosh Technology in the Common Hardware Reference Platform, by Apple
Computer, Inc.

— Computer Architecture: A Quantitative Approach, Second Edition, by
John L. Hennessy and David A. Patterson

Inside Macintosh: PowerPC System Software, Addison-Wesley Publishing
Company, One Jacob Way, Reading, MA, 01867; Tel. (800) 282-2732 (U.S.A.),
(800) 637-0029 (Canada), (716) 871-6555 (International)

Power PC Programming for Intel Programmers, by Kip McClanahan; IDG Books
Worldwide, Inc., 919 East Hillsdale Boulevard, Suite 400, Foster City, CA, 94404;
Tel. (800) 434-3422 (U.S.A.), (415) 655-3022 (International)

PowerPC Documentation
The PowerPC documentation is organized in the following types of documents:

User’'s manuals—T hese books provide details about individual PowerPC
implementations and are intended to be used in conjunction with The Programming
Environments Manual. These include the following:

— PowerPC 601™ RISC Microprocessor User’s Manual: MPC601UM/AD
(Motorolaorder #) and 52G7484/(M PR601UMU-02) (IBM order #)

— PowerPC 602™ RISC Microprocessor User’s Manual: MPC602UM/AD
(Motorolaorder #) and MPR602UM-01 (IBM order #)

— PowerPC 603e™ RISC Microprocessor User’s Manual with Supplement for
Power PC 603 Microprocessor:
MPCG603EUM/AD (Motorolaorder #) and MPR603EUM-01 (IBM order #)

— PowerPC 604™ RISC Microprocessor User’s Manual:
MPC604UM/AD (Motorola order #) and MPR604UMU-01 (IBM order #)

Programming environments manual s— T hese books provide information about
resources defined by the PowerPC architecture that are common to PowerPC
processors. There are two versions, one that describes the functionality of the
combined 32- and 64-bit architecture models and one that describes only the 32-bit
model.

— PowerPC Microprocessor Family: The Programming Environments, Rev 1:
MPCFPE/AD (Motorola order #) and G522-0290-00 (IBM order #)

— PowerPC Microprocessor Family: The Programming Environments for 32-Bit
Microprocessors, Rev. 1, MPCFPE32B/AD (Motorola order #)
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Implementation Variances Relative to Rev. 1 of The Programming Environments
Manual is available viathe world-wide web at http://www.mot.com/powerpc/ or at
http://www.chips.ibm.com/products/ppc.

Addenda/errata to user’s manual s—Because some processors have follow-on parts
an addendum is provided that describes the additional features and changes to
functionality of the follow-on part. These addenda are intended for use with the
corresponding user’s manuals. These include the following:

— Addendum to Power PC 603e RISC Microprocessor User’s Manual: Power PC
603e Microprocessor Supplement and User’s Manual Errata:
MPCG603EUMAD/AD (Motorola order #) and SA14-2034-00 (IBM order #)

— Addendum to PowerPC 604 RISC Microprocessor User’s Manual: Power PC
604e™ Microprocessor Supplement and User’s Manual Errata:
MPC604UMAD/AD (Motorola order #) and SA14-2056-01 (IBM order #)

Hardware specifications—Hardware specifications provide specific data regarding
bus timing, signal behavior, and AC, DC, and thermal characteristics, aswell as
other design considerations for each PowerPC implementation. These include the
following:

— PowerPC 601 RISC Microprocessor Hardware Specifications:
MPCG601EC/D (Motorola order #) and MPR601HSU-03 (IBM order #)

— PowerPC 602 RISC Microprocessor Hardware Specifications:
MPCG602EC/D (Motorola order #) and SC229897-00 (IBM order #)

— PowerPC 603 RISC Microprocessor Hardware Specifications:
MPCG603EC/D (Motorola order #) and G522-0289-00 (IBM order #)

— PowerPC 603e RISC Microprocessor Family: PID6-603e Hardware
Soecifications:
MPCG603EEC/D (Motorola order #) and G522-0268-00 (IBM order #)
— PowerPC 603e RISC Microprocessor Family: PID7V-603e Hardware
Soecifications:
MPCG603E7VEC/D (Motorola order #) and G522-0267-00 (IBM order #)

— PowerPC 604 RISC Microprocessor Hardware Specifications:
MPCG604EC/D (Motorola order #) and MPR604HSU-02 (IBM order #)

— PowerPC 604e RISC Microprocessor Family: PID9V-604e Hardware

Soecifications:

MPCG604E9VEC/D (Motorola order #) and SA14-2054-00 (IBM order #)
Technical Summaries—Each PowerPC implementation has a technical summary
that provides an overview of itsfeatures. Thisdocument isroughly the equivalent to
the overview (Chapter 1) of an implementation’s user’s manual. Technical
summaries are available for the 601, 602, 603, 603e, 604, and 604e as well as the
following:
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— PowerPC 620™ RISC Microprocessor Technical Summary: MPC620/D
(Motorolaorder #) and SA14-2069-01 (IBM order #)

Power PC Microprocessor Family: The Programmer’s Reference Guideisaconcise
reference that includes the register summary, memory control model, exception
vectors, and the PowerPC instruction set.

MPCPRG/D (Motorola order #) and MPRPPCPRG-01 (IBM order #)

Power PC Microprocessor Family: The Programmer’s Pocket Reference Guide:
Thisfoldout card provides an overview of the PowerPC registers, instructions, and
exceptions for 32-bit implementations.

MPCPRGREF/D (Motorola order #) and SA14-2093-00 (IBM order #)

Application notes—T hese short documents contain useful information about
specific design issues useful to programmers and engineers working with PowerPC
processors.

Documentation for support chips—These include the following:

— MPC105 PCI Bridge/Memory Controller User’s Manual:
MPC105UM/AD (Motorolaorder #)

— MPC106 PCI Bridge/Memory Controller User’s Manual:
MPC106UM/AD (Motorola order #)

Additional literature on PowerPC implementations is being released as new processors
become available. For a current list of PowerPC documentation, refer to the world-wide
web at http://www.mot.com/powerpc/ or at http://www.chips.ibm.com/products/ppc.

Conventions
This document uses the following notational conventions:
ACTIVE_HIGH Names for signals that are active high are shown in uppercase text

without an overbar.

ACTIVE_LOW A bar over asignal name indicates that the signal is active low—for

example, ARTRY (addressretry) and TS (transfer start). 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
AP[0-3] (address bus parity signals) and TT[0-4] (transfer type
signals) are referred to as asserted when they are high and negated
when they are low.

SYS (or SYS) Thisprefix isused to distinguish signals coming from the system bus

from one on the 60x processor that otherwise have the same name.

mnemonics I nstruction mnemonics are shown in lowercase bold.
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OPERATIONS Address-only bus operations that are named for the instructions that
generate them areidentified in uppercase letters, for example, ICBI,
SYNC, TLBSYNC, and EIEIO operations.

italics Italics indicate variable command parameters, for example, bcctr x.

0x0 Prefix to denote hexadecimal number

Ob0 Prefix to denote binary number

rA,rB Instruction syntax to identify a source GPR

rAlO0 Contents of a specified GPR or the value 0

rD Instruction syntax to identify a destination GPR

frA, frB, frC Instruction syntax to identify a source FPR

frD Instruction syntax to identify a destination FPR

REG[FIELD] Abbreviations or acronymsfor registersare shown in uppercasetext.
Specific bits, fields, or ranges appear in brackets. For example,
MSR[LE] refersto the little-endian mode enable bit in the machine
state register.

X In certain contexts, such as a signal encoding, indicates adon’t care

Expresses an undefined numerical value

Acronyms and Abbreviations
Table i contains acronyms and abbreviations that are used in this document.

Table i. Acronyms and Abbreviated Terms

Term Meaning
ALU Arithmetic logic unit
ASR Address space register
BAT Block address translation
BIST Built-in self test
BIU Bus interface unit
BUID Bus unit ID
COP Common on-chip processor
CR Condition register
CTR Count register
DABR Data address breakpoint register
DAR Data address register
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
DBAT Data BAT
DEC Decrementer (register)
DSISR Register used for determining the source of a DSI exception
DTLB Data translation look-aside buffer
EA Effective address
EAR External access register
ECC Error checking and correction
ETP Extended transfer protocol
EX Exclusive state (includes shared, S, and exclusive unmodified, E)
FIFO First-in, first-out
FPR Floating-point register
FPSCR Floating-point status and control register
FPU Floating-point unit
GPR General-purpose register
HIDn Hardware implementation-dependent register
IABR Instruction address breakpoint register
IBAT Instruction BAT
IEEE Institute of Electrical and Electronics Engineers
ITLB Instruction translation look-aside buffer
JTAG Joint Test Action Group
L2 Secondary cache
LR Link register
LRS Iwarx reservation set
LRU Least recently used
LSB Least-significant byte
Isb Least-significant bit
MESI Modified/exclusive/shared/invalid—cache coherency protocol
MMCRnN Monitor mode control register n
MMU Memory management unit
MSB Most-significant byte
msb Most-significant bit
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
MSR Machine state register
NaN Not a number
No-op No operation
OEA Operating environment architecture
PID Processor identification tag
PLL Phase-locked loop
PMCn Performance monitor control (register) n
PMI Performance monitor interrupt
PTE Page table entry
PTEG Page table entry group
PVR Processor version register
RdA Read atomic
RISC Reduced instruction set computing/computer
RTL Register transfer language
RWITM Read with intent to modify
RWITMA Read with intent to modify atomic
SBR Single-beat read
SBRA Single-beat read atomic
SBW Single-beat write
SDR1 Register that specifies the page table base address for virtual-to-physical address translation
SLB Segment lookaside buffer
SPR Special-purpose register
SPRGnN Registers available for general purposes
SR Segment register
SRRO (Machine status) save/restore register O
SRR1 (Machine status) save/restore register 1
TAP Test access port controller
TB Time base register
TLB Translation lookaside buffer
UISA User instruction set architecture
VEA Virtual environment architecture

About This Document

For More Information On This Product,
Go to: www.freescale.com




Freescale Semiconductor, Inc.

Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
WWF Write with flush
WWFA Write with flush atomic
WWK Write with kill
XATC Extended address transfer code

XER

Register used for indicating conditions such as carries and overflows for integer operations
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Chapter 1
Overview

This chapter gives an overview of the businterface common to the 60x microprocessors. It
describes the operation and features of this interface, lists al the microprocessor signals,
shows differences between the three microprocessors in the use and number of signals, and
defines various operational subsets of signals, and in particular identifies those that are
required for any system.

This bus description documents the current operations and system implementation
information for the following PowerPC™ processors:

»  PowerPC 601™ processor. The 601 isthe first PowerPC processor and is designed
for desktop, server, and workstation implementations and is designed to support
implementation in multiprocessing systems.

» PowerPC 603™ processors. References to the 603 include the PowerPC 603e™
processors unless otherwise specified. The 603 family for processorsis optimized
for implementation in low-power systems, and includes bus support for power
management, but provides less support for multiprocessing than either the 601 or
604 families of processors.

» PowerPC 604™ processors. References to the 604 include the PowerPC 604e™
processors unless otherwise specified. The 604 family of processorsis designed for
Implementation in desktop, workstation, and server systems and provides extensive
support both for multiprocessing and for power management.

Although thisbook can be used asageneral guidefor the PowerPC 602™ processor, it does
not include descriptions of the specific operations that are unique to that processor.

1.1 PowerPC 60x Microprocessor Interface

The 601, 603, and 604 support a range of systems, including low-power and notebook
machines, low-cost desktop personal computers, high-performance workstations, and
multiprocessor server systems. To meet those needs, the interface to these processors was
defined with a minimum set of functions and 32-bit or 64-bit data bus modes, as well as
optional performance and function enhancement signals and modes.

The 60x bus definition is based on the Motorola 88110 bus definition. This interface runs
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