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About This Book

The primary objective of this reference manual is to describe the functionality of the MPC7410 for
software and hardware developers. In addition, this manual supports the MPC7400. The MPC7410isa
processor built on Power Architecture™ technology, using the original PowerPC™ instruction set
architecture. This book is written from the perspective of the MPC7410, and unless otherwise noted, the
information also applies to the MPC7400, which has the same functionality as the MPC7410. Any
differences in data regarding bus timing, signal behavior, and AC, DC, and thermal characteristicsarein
the hardware specifications.

This book is intended as a companion to the Programming Environments Manual for 32-Bit
I mplementations of the Power PC™ Architecture (referred to as the Programming Environments Manual).

NOTE

This manual describes MPC7410 features not defined by the architecture
and isto be used with the Programming Environments Manual .

Because the architecture definition is flexible to support a broad range of
processors, The Programming Environments Manual describes generally
those features common to these processors and indicates which features are
optional or may beimplemented differently in the design of each processor.

Note that the Programming Environments Manual describes features of the
PowerPC architecture only for 32-bit implementations.

Contact your sales representative for a copy of the Programming
Environments Manual.

This document and the Programming Environments Manual distinguish between the architecture’s three
levels, or programming environments, which are as follows:

User instruction set architecture (UISA)—The UISA definesthelevel of the architecture to which
user-level software should conform. The UISA defines the base user-level instruction set,
user-level registers, data types, memory conventions, and the memory and programming models
seen by application programmers.

Virtual environment architecture (VEA)—The VEA, which is the smallest component of the
architecture, definesadditional user-level functionality that fallsoutsidetypical user-level software
requirements. The VEA describes the memory model for an environment in which multiple
processors or other devices can access external memory and defines aspects of the cache model and
cache control instructions from a user-level perspective. VEA resources are particularly useful for
optimizing memory accesses and for managing resources in an environment in which other
processors and other devices can access external memory.

Implementations that conform to the VEA also conform to the UISA but may not necessarily
adhere to the OEA.
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*  Operating environment architecture (OEA)—The OEA defines supervisor-level resources
typically required by an operating system. It defines the memory management model,
supervisor-level registers, and the exception model.

Implementations that conform to the OEA aso conform to the UISA and VEA.

Note that some resources are defined more generally at onelevel in the architecture and more specifically
at another. For example, conditions that cause a floating-point exception are defined by the UISA, but the
exception mechanism itself is defined by the OEA.

Because it isimportant to distinguish between the levels of the architecture to ensure compatibility across
multiple platforms, those distinctions are shown clearly throughout this book.

For easeinreference, topicsin thisbook are presented in the same order asthe Programming Environments
Manual. Topics build upon one another, beginning with a description and complete summary of the
MPC7410 programming model (registers and instructions) and progressing to more specific,
architecture-based topics regarding the cache, exception, and memory management models. As such,
chapters may include information from multiple levels of the architecture. For example, the discussion of
the cache model uses information from both the VEA and the OEA.

Additionally, the MPC7410 implements the AltiVec™ technology resources. There are two books that
describe the AltiVec technology:

» AltiVec™ Technology Programming Environments Manual (AltiVec PEM) isareference guidefor
programmers. The AltiVec PEM uses a standardized format instruction to describe each
instruction, showing syntax, instruction format, register translation language (RTL) code that
describes how the instruction works, and alisting of which, if any, registers are affected. At the
bottom of each instruction entry is a figure that shows the operations on elements within source
operands and where the results of those operations are placed in the destination operand.

»  AltiVlec™ Technology Programming I nterface Manual (AltiVec PIM) describes how programmers
can access AltiVec functionality from programming languages such as C and C++. The AltiVec
PIM describesthe high-level language interface and application binary interface for System V and
embedded applications for use with the AltiVec instruction set extension to the architecture.

The Power PC Architecture: A Specification for a New Family of RISC Processor s defines the architecture
from the perspective of the three programming environments and remains the defining document for the
PowerPC architecture. For information on ordering Freescale documentation, see “ Related
Documentation,” on page 38.

Information in this book is subject to change without notice, as described in the disclaimers on thetitle
page of thisbook. Aswith any technical documentation, it isthe readers’ responsibility to be surethey are
using the most recent version of the documentation.

To locate any published errata or updates for this document, refer to the world-wide web at
http://www.freescale.com.

Audience

Thismanual isintended for system software and hardware devel opers and applications programmerswho
want to develop products for the MPC7410 and the MPC7400. It is assumed that the reader understands

MPC7410/MPC7400 RISC Microprocessor Reference Manual, Rev. 2

36 Freescale Semiconductor



operating systems, microprocessor system design, basic principles of RISC processing, and details of the
architecture.

Organization

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

Chapter 1, “Overview,” isuseful for readerswho want ageneral understanding of the features and
functions of the architecture and the MPC7410. This chapter describes the flexible nature of the
architecture definition and provides an overview of how the architecture defines the register set,
operand conventions, addressing modes, instruction set, cache model, exception model, and
memory management model.

Chapter 2, “Programming Model,” is useful for software engineers who need to understand the
MPC7410-specific registers, operand conventions, and details regarding how PowerPC
instructions are implemented on the MPC7410. Instructions are organized by function.

Chapter 3, “L1 and L2 Cache Operation,” discusses the cache and memory model asimplemented
on the MPC7410.

Chapter 4, “Exceptions,” describes the exception model defined in the OEA and the specific
exception model implemented on the MPC7410.

Chapter 5, “Memory Management,” describes the MPC7410’s implementation of the memory
management unit specified by the OEA.

Chapter 6, “Instruction Timing,” provides information about latencies, interlocks, special
situations, and various conditions to help make programming more efficient. This chapter is of
special interest to software engineers and system designers.

Chapter 7, “ AltiVec Technology Implementation,” summarizes the features and functionality
provided by the implementation of the AltiVec technology.

Chapter 8, “ Signal Descriptions,” provides descriptions of individual signals of the MPC7410.

Chapter 9, “ System Interface Operation,” describes signal timings for various operations. It also
provides information for interfacing to the MPC7410.

Chapter 10, “Power Management,” provides information about power saving and thermal
management modes for the MPC7410.

Chapter 11, “Performance Monitor,” describes the operation of the performance monitor
diagnostic tool incorporated in the MPC7410.

Appendix A, “MPC7410 Instruction Set Listings,” listsall PowerPC instructions while indicating
those instructions that are not implemented by the MPC7410; it also includes the instructions that
are specific to the MPC7410. Instructions are grouped according to mnemonic, opcode, function,
and form. Also included is a quick reference table that contains general information, such as the

architecture level, privilege level, and form, and indicates if the instruction is 64-bit and optional.

Appendix B, “Instructions Not Implemented,” provides alist of the 32- and 64-bit PowerPC
instructions not implemented in the MPC7410.

Appendix C, “Revision History,” lists corrections to the previous versions of this manual and the
MPC7400 User’'s Manual Rev. 0.

This manual aso includes aglossary and an index.
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Suggested Reading

This section listsadditional reading that provides background for the information in this manual aswell as
genera information about the architecture.

General Information

The following documentation, available through Morgan-Kaufmann Publishers, 340 Pine Street, Sixth
Floor, San Francisco, CA, provides useful information about the Power Architecture technology and
computer architecture in general:

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

For updates to the specification, see http://www.austin.ibm.com/tech/ppc-chg.html.

PowerPC Microprocessor Common Hardware Reference Platform: A System Architecture, by
Apple Computer, Inc., International Business Machines, Inc., and Motorola, Inc.

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

Computer Organization and Design: The Hardware/Software Interface, Second Edition, David A.
Patterson and John L. Hennessy

Power Architecture™ Technology Primer (PWRARCPRMRM), available from the Freescale
website.

Related Documentation

Freesca e documentation is available from the sources listed on the back cover of this manual; the
document order numbers are included in parentheses for ease in ordering:

Programming Environments Manual for 32-Bit I|mplementations of the PowerPC Architecture
(MPEFPC32B/AD)—Describes resources defined by the PowerPC architecture.

User’s manuals—These books provide detail s about individual implementations and are intended
for use with the Programming Environments Manual.

Addendalerrata to user’s manuals—Because some processors have follow-on parts an addendum
is provided that describes the additional features and functionality changes. These addenda are
intended for use with the corresponding user’s manuals.

Hardware specifications—Hardware specifications provide specific data regarding bus timing,
signal behavior, and AC, DC, and thermal characteristics, as well as other design considerations.
Separate hardware specifications are provided for each part described in this book.

Technical summaries—Each device has atechnical summary that provides an overview of its
features. This document is roughly the equivalent to the overview (Chapter 1) of an
implementation’s user’s manual.

Application notes—These short documents address specific design issues useful to programmers
and engineers working with Freescale processors.
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Additional literatureis published as new processors become available. For acurrent list of documentation,
refer to http://www.freescale.com.

Conventions

This document uses the following notational conventions:

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

mnemonics I nstruction mnemonics are shown in lowercase bold.

italics Italics indicate variable command parameters, for example, bectrx.

Book titlesin text are set in italics
Internal signals are set in italics, for example, qual BG

0x0 Prefix to denote hexadecimal number

Ob0 Prefix to denote binary number

rA,rB Instruction syntax used to identify a source GPR

rD Instruction syntax used to identify a destination GPR

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

frD Instruction syntax used to identify a destination FPR

REG[FIELD] Abbreviations for registers are shown in uppercase text. Specific bits, fields, or

ranges appear in brackets. For example, MSR[LE] refersto thelittle-endian mode
enable bit in the machine state register.

X In some contexts, such as signal encodings, an unitalicized x indicates a don’t
care.

X Anitalicized x indicates an al phanumeric variable.

n Anitalicized n indicates an numeric variable.

J

NOT logical operator
AND logical operator
| OR logical operator

Indicatesreserved bitsor bit fieldsin aregister. Although these bits can bewritten
to as ones or zeros, they are aways read as zeros.

Ro

0000
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Acronyms and Abbreviations

Tablei contains acronyms and abbreviations that are used in this document.

Table i. Acronyms and Abbreviated Terms

Term Meaning
ALU Arithmetic logic unit
BAT Block address translation
BHT Branch history table
BIST Built-in self test
BIU Bus interface unit
BPU Branch processing unit
BSDL Boundary-scan description language
BTIC Branch target instruction cache
CMOS | Complementary metal-oxide semiconductor
COP Common on-chip processor
CQ Completion queue
CR Condition register
CTR Count register
DABR Data address breakpoint register
DAR Data address register
DBAT Data BAT
DCMP Data TLB compare
DEC Decrementer register
DLL Delay-locked loop
DMISS |Data TLB miss address
DMMU Data MMU
DPM Dynamic power management
dRLDB | Data reload buffer
dRLT Data reload table
DSISR |Register used for determining the source of a DSI exception
DTLB Data translation lookaside buffer
EA Effective address
EAR External access register
ECC Error checking and correction
FIFO First-in-first-out
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning

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

ICTC Instruction cache throttling control register

IEEE Institute for Electrical and Electronics Engineers

IMMU Instruction MMU

1Q Instruction queue

iRLDB Instruction reload buffer

iRLT Instruction reload table
ITLB Instruction translation lookaside buffer
U Integer unit

JTAG Joint Test Action Group

L10Q Level 1 operation queue

L2 Secondary cache (level 2 cache)

L2CR Level 2 cache control register

L2PMCR | Level 2 private memory control register

LFQ Load fold queue

LIFO Last-in, first-out

LR Link register

LRU Least recently used

LSB Least-significant byte

Isb Least-significant bit

LSQ Least-significant quad word

Isq Least-significant quad word

LSU Load/store unit

MESI Modified/exclusive/shared/invalid—cache coherency protocol

MMCRn | Monitor mode control registers

MMU Memory management unit

MSB Most-significant byte
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
msb Most-significant bit
MSQ Most-significant quad word
msq Most-significant quad word
MSR Machine state register
NaN Not a number
No-op No operation
OEA Operating environment architecture
PEM The Programming Environments Manual
PID Processor identification tag
PIM The Programming Interface Manual
PLL Phase-locked loop
PLRU Pseudo least recently used
PMCn Performance monitor counter registers
POR Power-on reset
POWER | Performance Optimized with Enhanced RISC architecture
PTE Page table entry
PTEG Page table entry group
PVR Processor version register
RAW Read-after-write
RISC Reduced instruction set computing
RTL Register transfer language
RWITM | Read with intent to modify
RWNITM | Read with no intent to modify
SDA Sampled data address register
SDR1 Register that specifies the page table base address for virtual-to-physical address translation
SIA Sampled instruction address register
SPR Special-purpose register
SRn Segment register
SRRO Machine status save/restore register 0
SRR1 Machine status save/restore register 1
SRU System register unit
TAU Thermal assist unit
B Time base facility
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning

TBL Time base lower register

TBU Time base upper register

THRMn | Thermal management registers

TLB Translation lookaside buffer

TTL Transistor-to-transistor logic

UIMM Unsigned immediate value

UISA User instruction set architecture

UMMCRnN | User monitor mode control registers

UPMCn | User performance monitor counter registers

USIA User sampled instruction address register

VEA Virtual environment architecture

VFPU Vector floating-point unit

VIQ Vector issue queue

ViUl Vector instruction unit 1

VIU2 Vector instruction unit 2

VPN Virtual page number

VPU Vector permute unit

VSID Virtual segment identification

VTQ Vector touch queue

WAR Write-after-read

WAW Write-after-write

WIMG Write-through/caching-inhibited/memory-coherency enforced/guarded bits

XATC Extended address transfer code

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

Terminology Conventions

Tableii describes terminology conventions used in this manual.

Table ii. Terminology Conventions

Architecture Specification This Manual
Data storage interrupt (DSI) DSl exception
Extended mnemonics Simplified mnemonics
Fixed-point unit (FXU) Integer unit (1U)
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Table ii. Terminology Conventions (continued)

Architecture Specification

This Manual

Instruction storage interrupt (ISI)

ISI exception

Interrupt

Exception

Privileged mode (or privileged state)

Supervisor-level privilege

Problem mode (or problem state)

User-level privilege

Real address

Physical address

Relocation Translation
Storage (locations) Memory
Storage (the act of) Access
Store in Write back

Store through

Write through

Tableiii describes instruction field notation used in this manual.

Table iii. Instruction Field Conventions

Architecture Specifications

Equivalencies

BA, BB, BT crbA, crbB, crbD (respectively)
BF, BFA crfD, crfS (respectively)

D d

DS ds

FLM FM

FRA, FRB, FRC, FRT, FRS

frA, frB, frC, frD, frS (respectively)

FXM CRM

RA, RB, RT, RS rA, rB, rD, rS (respectively)
Sl SIMM

U IMM

ul UMM

1000 0...0 (shaded)
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Chapter 1
Overview

This chapter provides an overview of the MPC7410 microprocessor features, including a block diagram
showing the major functional components. It aso provides information about how the MPC7410
implementation complies with the Power Architecture™ and AltiVec™ definitions. This manual also
supports the MPC7400 microprocessor which for the most part has the same functionality as the
MPC7410. Any differences between the two microprocessors are specifically noted in this user’s manual.
Note that the bus timing, AC, DC, mechanical, and thermal characteristics for each microprocessor are
detailed in their respective hardware specifications.

1.1  General Operation

This section describes the features and general operation of the MPC7410 and provides a block diagram
showing major functional units. The MPC7410 is a reduced instruction set computer (RISC)
microprocessor that implements the PowerPC™ instruction set architecture (PowerPC ISA), built on
Power Architecture technology. The MPC7410 implements the 32-bit portion of architecture, which
provides 32-bit effective addresses, integer data types of 8, 16, and 32 bits, and floating-point data types
of 32 and 64 bits. The MPC7410 also implements the AltiVec instruction set architectural extension.

The MPC7410 isa superscaar processor that can dispatch and compl ete two instructions simultaneousdly.
It incorporates the following execution units:

» Floating-point unit (FPU)
* Branch processing unit (BPU)
o System register unit (SRU)
* Load/store unit (LSU)
* Two integer units (1Us):
— 1U1 executes all integer instructions.
— 1U2 executes al integer instructions except multiply and divide instructions.
» Two vector units that support AltiVec instructions:
— Vector permute unit (VPU)
— Vector arithmetic logic unit (VALU), which consists of the following independent subunits:
— Vector smpleinteger unit (VSIU)
— Vector complex integer unit (V CIU)
— Vector floating-point unit (V FPU)
The ability to execute several instructionsin parallel and the use of smple instructions with rapid

execution times yield high efficiency and throughput for MPC7410-based systems. M ost integer
instructions (including V SIU instructions) have a one-clock cycle execution latency.

MPC7410/MPC7400 RISC Microprocessor Reference Manual, Rev. 2

Freescale Semiconductor 1-1



The FPU and VFPU are pipelined; that is, the tasks they perform are broken into subtasks executed in
successive stages. Typically, afloating-point instruction occupies only one of the three FPU stages at a
time, freeing the previous stage to operate on the next floating-point instruction. Thus, three floating-point
instructions can be in the FPU execute stage at a time and one floating-point instruction can finish
executing per processor clock cycle.

The VFPU has four pipeline stages when executing in non-Java mode and five when executing in Java
mode.

Note that for the MPC7410, double- and single-precision versions of floating-point instructions have the
same latency. For example, afloating-point multiply-add instruction takes three cycles to execute,
regardless of whether it issingle- (fmadds) or double-precision (fmadd).

Figure 1-1 showsthe parallel organization of the execution units (shaded in the diagram). The instruction
unit fetches, dispatches, and predicts branch instructions. Note that thisis a conceptual model that shows
basic features rather than attempting to show how features are implemented physically.

The MPC7410 has independent on-chip, 32-Kbyte, eight-way set-associative, physically-addressed L1
(level-one) caches for instructions and data and independent instruction and data memory management
units (MMUs). Each MMU has a 128-entry, two-way set-associative trand ation |ookaside buffer (DTLB
and ITLB) that saves recently used page address translations. Block address trandation isimplemented
with the four-entry instruction and data block addresstrandation (IBAT and DBAT) arrays defined by the
architecture. During block translation, effective addresses are compared simultaneoudy with all four BAT
entries, as described in Chapter 5, “Memory Management.” For information about the L1 caches, see
Chapter 3, “L1 and L2 Cache Operation.”

The L2 cache is implemented with an on-chip, two-way, set-associative tag memory, and with external,
synchronous SRAMsfor data storage. The external SRAM s are accessed through a dedicated L2 cache
port that supportsasingle bank of 256 Kbytes, 512 Kbytes, 1 Mbyte, or 2 M bytes of synchronous SRAMs.
On the MPC7410, the L2 interface can be configured to use half (256 Kbytes minimum) or all of the
SRAM area as adirect-mapped, private memory space. Note that the MPC7400 does not support this
private memory functionality on itsL2 interface. For information about the L 2 cache implementation, see
Chapter 3, “L1 and L2 Cache Operation.”

The MPC7410 has four software-controllable power-saving modes. Three static modes, doze, nap, and
deep, progressively reduce power dissipation. When functional units are idle, a dynamic power
management mode causes those units to enter alow-power mode automatically without affecting
operational performance, software execution, or external hardware. The MPC7400 provides an additional
thermal assist unit (TAU) and away to reduce theinstruction fetch ratefor [imiting power dissipation. Note
that the MPC7410 does not provide a thermal assist unit. Power management is described in Chapter 10,
“Power Management.”

The MPC7410 uses an advanced CMOS process technology and is fully compatible with TTL devices.
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Figure 1-1. MPC7410 Microprocessor Block Diagram
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1.2 General Features

This section describes the features of the MPC7410. Theinterrelationships of these features are shown in

Figure 1-1.

121 Overview of Features

Major features of the MPC7410 are as follows:
» High-performance, superscalar microprocessor
— Asmany asfour instructions can be fetched from the instruction cache per clock cycle
— As many astwo instructions can be dispatched per clock

— Asmany aseight instructions can execute per clock (including two integer instructionsand four
AltiVec instructions)

— Single-clock-cycle execution for most instructions
— Oneinstruction per clock throughput for most instructions
» Eight independent execution units and three register files
— Branch processing unit (BPU) features static and dynamic branch prediction

64-entry (16-set, four-way set-associative) branch target instruction cache (BTIC), a cache
of branch instructions that have been encountered in branch/loop code sequences. If atarget
instruction isinthe BTIC, it is fetched into the instruction queue a cycle sooner than it can
be made available from the instruction cache. Typically, if afetch access hitsthe BTIC, it
provides the first two instructions in the target stream.

512-entry branch history table (BHT) with two bits per entry for four levels of
prediction—not-taken, strongly not-taken, taken, strongly taken

Branch instructions that do not update the count register (CTR) or link register (LR) are
removed from the instruction stream.

— Two integer units (IUs) that share 32 GPRs for integer operands

U1 can execute any integer instruction.

U2 can executeall integer instructionsexcept multiply and divideinstructions (shift, rotate,
arithmetic, and logical instructions). M ost instructions that execute in 1U2 take one cycleto
execute. The IU2 has a single-entry reservation station.

— Three-stage FPU and a 32-entry FPR file

Fully compliant with IEEE Std. 754™-1985 FPU for both single- and double-precision
operations

Supports non-IEEE mode for time-critical operations

Hardware support for denormalized numbers

Single-entry reservation station

Thirty-two 64-bit FPRs for single- or double-precision operands

— Two vector units and 32-entry vector register file (VRS)

Vector permute unit (VPU)

MPC7410/MPC7400 RISC Microprocessor Reference Manual, Rev. 2
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Vector arithmetic logic unit (VALU), which consists of the three independent subunits:
vector ssimple integer unit (V SIU), vector complex integer unit (V CIU), and vector
floating-point unit (VFPU)

— Two-stage LSU

Supports integer, floating-point and vector instruction load/store traffic

Four-entry vector touch queue (VTQ) supports all four architected AltiVec data stream
operations

Two-entry reservation station

Single-cycle, pipelined load or store cache accesses (byte, half word, double word, quad
word) including misaligned accesses within a double-word boundary

Dedicated adder calculates effective addresses (EAS)

Supports store gathering

Performs alignment, normalization, and precision conversion for floating-point data
Executes cache control and TLB instructions

Performs alignment, zero padding, and sign extension for integer data

Hits under misses (multiple outstanding misses) supported

Six-entry store queue

Sequencing for load/store multiples and string operations

Supports both big- and little-endian modes, including misaligned little-endian accesses

— SRU handles miscellaneous instructions

Executes CR logica and move to/move from SPR instructions (mtspr and mfspr)
Single-entry reservation station

* Rename buffers

— Six GPR rename buffers

— Six FPR rename buffers

— Six VR rename buffers

— Condition register buffering supports two CR writes per clock
» Completion unit

— The completion unit retires an instruction from the eight-entry reorder buffer (completion
gueue) when all instructions ahead of it have been completed, the instruction has finished
execution, and no exceptions are pending.

— Guarantees sequential programming model (precise exception model)
— Monitors al dispatched instructions and retires them in order
— Tracks unresolved branches and flushes instructions from the mispredicted branch
— Retires as many as two instructions per clock
» Separate on-chip L1 instruction and data caches (Harvard architecture)
— 32-Kbyte, eight-way set-associative instruction and data caches
— Pseudo least-recently-used (PLRU) replacement algorithm

MPC7410/MPC7400 RISC Microprocessor Reference Manual, Rev. 2
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— 32-byte (eight-word) L1 cache block
— Physically indexed/physical tags
— Cache write-back or write-through operation programmable on a per-page or per-block basis

— Instruction cache can provide four instructions per clock; data cache can provide four words
per clock

— Caches can be disabled in software

— Caches can be locked in software

— Data cache coherency (MEI, MESI, and MERSI) maintained in hardware
— Separate copy of data cache tags for efficient snooping

— No snooping of instruction cache except for icbi instruction

— Data cache supports AltiVec LRU and transient instructions, as described in Section 1.3.2.2,
“AltiVec Instruction Set.”

— Thecritical doubleword is made available to the requesting unit when it isburst into the reload
data queue. The caches are nonblocking, so they can be accessed during this operation.

Level 2 (L2) cache interface

— On-chip two-way set-associative L2 cache controller and tags

— External data SRAMs

— Support for 256-K byte, 512-Kbyte, 1-Mbyte, and 2-Mbyte L 2 caches

— Copyback or write-through data cache (on a per page basis, or for all L2)

— 32-byte (256 K and 512 K), 64-byte (1 M), or 128-byte (2 M) sectored line size

— Direct-mapped, private memory capability for half (256 Kbytes minimum) or all of the L2
SRAM space (MPC7410-only; not supported by the MPC7400)

— Supports pipelined (register-register) synchronous burst SRAMs, PB3 pipelined
(register-register) synchronous burst SRAMs, and pipelined (register-register) late-write
synchronous burst SRAMs

— Configurable core-to-L 2 frequency divisors

— Configurable for 64- or 32-hit L2 data bus (MPC7410-only; 32-bit L2 data bus not supported
by the MPC7400)

Separate memory management units (MMUSs) for instructions and data
— 52-bit virtual address; 32-bit physical address
— Address trandation for 4-Kbyte pages, variable-sized blocks, and 256-Mbyte segments

— Memory programmabl e as write-back/write-through, cacheable/noncacheable, and coherency
enforced/coherency not enforced on a page or block basis

— Separate IBATs and DBATS (four each) also defined as SPRs
— Separate instruction and data trand ation lookaside buffers (TLBS)
— Both TLBs are 128-entry, two-way set associative, and use LRU replacement algorithm
— TLBsare hardware-reloadable (that is, the page table search is performed in hardware)
Efficient data flow
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— All data buses between VRs, LSU, L1 caches, L2 cache controller, and the bus interface unit
are 128 bitswide

— The L1 data cacheisfully pipelined to provide 128 hits/cycle to/from the VRs

— L2isfully pipelined to provide 64 (MPC7410 and MPC7400) or 32 (MPC7410-only) bits per
L2 clock cycleto the L1 caches

— Up to 8 outstanding, out-of-order, cache misses alowed between the L 1 data cache and L 2/bus
— Up to seven out-of -order transactions on the bus, one in progress and six pending

— Load folding to fold new L1 data cache misses into older, outstanding load and store missesto
the same line

— Store miss merging for multiple store missesto the same line. Only coherency action taken
(address-only) for store misses merged to all 32 bytes of acache block (no data tenure needed).

— Two-entry finished store queue and 4-entry completed store queue between the LSU and the
L1 data cache

— Separate additional queuesfor efficient buffering of outbound data (such as cast outs and write
throughs) from the L1 data cache and L2

» Multiprocessing support features include the following:
— Hardware-enforced, cache coherency protocols for data cache
— 3-state (MEI) similar to the MPC750
— 4-state (MESI) similar to the MPC604
— b-state (MERSI), where the new Recent (R) state allows shared intervention

— Load/store with reservation instruction pair for atomic memory references, semaphores, and
other multiprocessor operations

* Power and therma management
— Three static modes, doze, nap, and sleep, progressively reduce power dissipation:

— Doze—All the functional units are disabled except for the time base/decrementer registers
and the bus snooping logic.

— Nap—Thenap modefurther reduces power consumption by disabling bus snooping, leaving
only the time base register and the PLL in apowered state.

— Sleep—All internal functional units are disabled, after which external system logic may
disable the PLL and SY SCLK.

— On the MPC7400, a thermal management facility provides software-contro