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About This Book

The primary objective of this user’s manual is to define the functionality of the MPC8240
PowerPC™ integrated processor. The MPC8240 has a processor core based on the
PowerPC 603e™ low-power microprocessor; it also performs many peripheral functions
on-chip.

The MPC603e implements the full 32-bit portion of the PowerPC™ architecture. It is
important to note that this book is intended as a companion to the following publications:

e The MPC603e¢ & EC603e User’s Manual

* The PowerPC Microprocessor Family: The Programming Environments, (referred
to as The Programming Environments Manual)

Contact your local sales representative to obtain a copy. Because the PowerPC architecture
is designed to support a broad range of processors, The Programming Environments
Manual provides a general description of features that are common to PowerPC processors
and indicates those features that are optional or may be implemented differently in the
design of each processor.

The information in this book is subject to change without notice, as described in the
disclaimers on the title page of this book. As with any technical documentation, it is the
readers’ responsibility to use the most recent version of the documentation. For more
information, contact your sales representative.

Audience

This manual is intended for system software and hardware developers and applications
programmers who want to develop products using the MPC8240 integrated processor. It is
assumed that the reader understands operating systems, microprocessor system design, the
basic principles of RISC processing, and details of the PowerPC architecture.

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

* Chapter 1, “Overview,” is useful for readers who want a general understanding of
the features and functions of the MPC8240 device and its component parts.

* Chapter 2, “PowerPC Processor Core,” provides an overview of the basic
functionality of the G2 processor core.
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Chapter 3, “Signal Descriptions and Clocking,” provides descriptions of the
MPC8240’s external signals. It describes each signal’s behavior when the signal is
asserted and negated and when the signal is an input or an output.

Chapter 4, “Address Maps,” describes how the MPC8240 in host mode supports two
address mapping configurations—address map A and address map B.

Chapter 5, “Configuration Registers,” describes the programmable configuration
registers of the MPC8240.

Chapter 6, “MPC8240 Memory Interface,” describes the memory interface of the
MPC8240 and how it controls the processor and PCI interactions to main memory.

Chapter 7, “Central Control Unit,” describes the internal buffering and arbitration
logic of the MPC8240 central control unit (CCU).

Chapter 8, “PCI Bus Interface,” provides a rudimentary description of PCI bus
operations. The specific emphasis is directed at how the MPC8240 implements the
PCI bus.

Chapter 9, “DMA Controller,” describes how the DMA controller operates on the
MPC8240.

Chapter 10, “Message Unit (with 1,0),” describes a mechanism to facilitate
communications between host and peripheral processors.

Chapter 11, “I2C Interface,” describes a simple, efficient method of data exchange
between IC devices. The I°C interface allows the MPC8240 to exchange data with

other I2C devices such as microcontrollers, EEPROMs, real-time clock devices, A/D
converters, and LCDs.

Chapter 12, “Embedded Programmable Interrupt Controller (EPIC),” provides a
description of a general purpose interrupt controller solution using the EPIC module
of the MPC8240.

Chapter 13, “Error Handling and Exceptions,” describes how the MPC8240 handles
different error conditions.

Chapter 14, “Power Management,” describes the many hardware support features
provided by the MPC8240 for power management.

Chapter 15, “Debug Features,” describes the MPC8240 features that aid in the
process of system bring-up and debug.

Appendix A, “PowerPC Instruction Set Listings,” lists all the PowerPC instructions
while indicating those instructions that are not implemented by the MPC8240; it
also includes the instructions that are specific to the MPC8240. 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, “Bit and Byte Ordering,” describes the big- and little-endian modes
and provides examples of each.

This manual also includes a glossary and an index.

XXXiV
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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:

¢ The following books are available from the Morgan-Kahfmann 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.

— PowerPC Microprocessor Common Hardware Reference Platform: A System
Architecture, by Apple Computer, 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).

PowerPC Documentation

The PowerPC 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:

e User’s manuals— These 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 604™ RISC Microprocessor User’s Manual:
MPC604UM/AD (Motorola order #)

— MPC603 & EC603e RISC Microprocessor User’s Manual:
MPC603UM/AD (Motorola order #)

— MPC750 RISC Microprocessor User’s Manual:
MPC750UM/AD (Motorola order #)
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Programming environments manuals— This book provides information about
resources defined by the PowerPC architecture that are common to PowerPC
processors. The 32- bit architecture model is described in:

— PowerPC Microprocessor Family: The Programming Environments for 32-Bit
Microprocessors, Rev. 1: MPCFPE32B/AD (Motorola order #)

Implementation Variances Relative to Rev. 1 of The Programming Environments
Manual is available via the world-wide web at http://www.motorola.com/PowerPC/.

Addenda/errata to user’s manuals— 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.

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

— PowerPC 603e RISC Microprocessor Family: PID7v-603e Hardware
Specifications:
MPC603E7VEC/D (Motorola order #)

— PowerPC 603e RISC Microprocessor Family: PID7t-603e Hardware
Specifications:
MPC603E7TEC/D (Motorola order #)

— MPC750 RISC Microprocessor Hardware Specifications
MPC750EC/D (Motorola order #)

— MPC8240 Integrated Processor Hardware Specifications
MPC8240EC/D (Motorola order #)

Technical Summaries —Each PowerPC implementation has a technical 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. Technical
summaries are available for the 601, 603, 603e, 604, 604e, and EC603e
microprocessors which can be ordered as follows:

— MPC8240 Integrated Processor Technical Summary:
MPC8240/D (Motorola order #)

PowerPC Microprocessor Family: The Bus Interface for 32-Bit Microprocessors:
MPCBUSIF/AD (Motorola order #) provides a detailed functional description of the
60x bus interface, as implemented on the 601, 603, and 604 family of PowerPC
microprocessors. This document is intended to help system and chipset developers
by providing a centralized reference source to identify the bus interface presented by
the 60x family of PowerPC microprocessors.
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e PowerPC Microprocessor Family: The Programmer’s Reference Guide:
MPCPRG/D (Motorola order #) is a concise reference that includes the register
summary, memory control model, exception vectors, and the PowerPC instruction

set.

¢  PowerPC Microprocessor Family: The Programmer’s Pocket Reference Guide:
MPCPRGREF/D (Motorola order #)
This foldout card provides an overview of the PowerPC registers, instructions, and
exceptions for 32-bit implementations.

* Application notes—These short documents contain useful information about
specific design issues useful to programmers and engineers working with PowerPC
processors. These include the following:

— Instruction and Data Cache Locking on the G2 Processor Core
AN1767/D (Motorola order #)

* Documentation for support chips— These include the following:

— MPCI05 PCI Bridge/Memory Controller User’s Manual:
MPC105UM/AD (Motorola order #)

— 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/SPS/PowerPC/.

Conventions

This document uses the following notational conventions:

mnemonics

italics

0x0

0b0

rA,rB

rAlo

rD

frA, frB, frC
frD
REGI[FIELD]

Instruction mnemonics are shown in lowercase bold.

Italics indicate variable command parameters, for example, beetrx.
Book titles in text are set in italics.

Prefix to denote hexadecimal number

Prefix to denote binary number

Instruction syntax used to identify a source GPR

The contents of a specified GPR or the value 0.

Instruction syntax used to identify a destination GPR

Instruction syntax used to identify a source FPR

Instruction syntax used to identify a destination FPR

Abbreviations or acronyms for registers are shown in uppercase text.
Specific bits, fields, or ranges appear in brackets. For example,
MSR[LE] refers to the little-endian mode enable bit in the machine
state register.
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X In certain contexts, such as a signal encoding, this indicates a don’t

care.
n Used to express an undefined numerical value
- NOT logical operator
& AND logical operator

I OR logical operator

Indicates reserved bits or bit fields in a register. Although these bits
may be written to as either ones or zeros, they are always read as
Zeros.

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
ATE Automatic test equipment
ASR Address space register
BAT Block address translation
BIST Built-in self test
BIU Bus interface unit
BPU Branch processing unit
BUC Bus unit controller
BUID Bus unit ID
CAR Cache address register
CIA Current instruction address
CMOS Complementary metal-oxide semiconductor
corP Common on-chip processor
CR Condition register
CRTRY Cache retry queue
CTR Count register
DAR Data address register
DBAT Data BAT
DCMP Data TLB compare
DEC Decrementer register
DMISS Data TLB miss address
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Table i. Acronyms and Abbreviated Terms (Continued)

Term Meaning
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-l;irst-out
FPR Floating-point register
FPSCR Floating-point status and control register
FPU Floating-point unit
GPR General-purpose register
HASH1 Primary hash address
HASH2 Secondary hash address
IABR Instruction address breakpoint register
IBAT Instruction BAT
ICMP Instruction TLB compare
IEEE Institute for Electrical and Electronics Engineers
IMISS Instruction TLB miss address
1Q Instruction queue
ITLB Instruction translation lookaside buffer
U Integer unit
L2 Secondary cache
LIFO Last-in-first-out
LR Link register
LRU Least recently used
LSB Least-significant byte
Isb Least-significant bit
LSuU Load/store unit
MEI Modified/exclusive/invalid
MESI Modified/exclusive/shared/invalid—cache coherency protocol
MMU Memory management unit
MQ MQ register
MSB Most-significant byte
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Table i. Acronyms and Abbreviated Terms (Continued)

Term Meaning
msb Most-significant bit
MSR Machine state register
NaN Not a number
No-op No operation
OEA Operating environment architecture
PID Processor identification tag
PIR Processor identification register
PLL Phase-locked loop
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
RPA Required physical address
RTL Register transfer language
RWITM Read with intent to modify
SDR1 Register that specifies the page table base address for virtual-to-physical address translation
SLB Segment lookaside buffer
SPR Special-purpose register
SR Segment register
SRRO Machine status save/restore register 0
SRR1 Machine status save/restore register 1
SRU System register unit
TAP Test access port
B Time base facility
TBL Time base lower register
TBU Time base upper register
TLB Translation lookaside buffer
TTL Transistor-to-transistor logic
UMM Unsigned immediate value
UISA User instruction set architecture
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Table i. Acronyms and Abbreviated Terms (Continued)

Term Meaning

UTLB Unified translation lookaside buffer

uuT Unit under test

VEA Virtual environment architecture

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
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Chapter 1
Overview

This chapter provides an overview of the MPC8240 PowerPC™ integrated processor for
high-performance embedded systems. The MPC8240 is a cost-effective, general -purpose
integrated processor for applictions using PCI in networking infrastructure,
telecommunications, and other embedded markets. It can be used for control processing in
applications such as network routers and switches, mass storage subsystems, network
appliances, and print and imaging systems.

For errata or revisions of this document, refer to the website at http://www.mot.com/
powerpc.

1.1 MPC8240 Integrated Processor Overview

The MPC8240 integrated processor is comprised of a peripheral logic block and a 32-bit
superscalar PowerPC processor core, as shown in Figure 1-1.
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Figure 1-1. MPC8240 Integrated Processor Functional Block Diagram

The peripheral logic integrates a PCI bridge, memory controller, DMA controller, EPIC
interrupt controller, a message unit (and I,O controller), and an 12C controller. The
processor core is a full-featured, high-performance processor with floating-point support,
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MPC8240 Integrated Processor Overview

memory management, 16-Kbyte instruction cache, 16-Kbyte data cache, and power
management features. The integration reduces the overall packaging requirements and the
number of discrete devices required for an embedded system.

The MPC8240 contains an internal peripheral logic bus that interfaces the processor core
to the peripheral logic. The core can operate at a variety of frequencies, allowing the
designer to trade off performance for power consumption. The processor core is clocked
from a separate PLL, which is referenced to the peripheral logic PLL. This allows the
microprocessor and the peripheral logic block to operate at different frequencies, while
maintaining a synchronous bus interface. The interface uses a 64- or 32-bit data bus
(depending on memory data bus width) and a 32-bit address bus along with control signals
that enable the interface between the processor and peripheral logic to be optimized for
performance. PCI accesses to the MPC8240’s memory space are passed to the processor
bus for snooping when snoop mode is enabled.

The processor core and peripheral logic are general-purpose in order to serve a variety of
embedded applications. The MPC8240 can be used as either a PCI host or PCI agent
controller.

1.1.1 MPC8240 Integrated Processor Features
Major features of the MPC8240 are as follows:

e Peripheral logic
— Memory interface

— Programmable timing supporting either FPM DRAM, EDO DRAM or
SDRAM

— High-bandwidth bus (32/64-bit data bus) to DRAM

— Supports one to eight banks of 4-, 16-, 64-, or 128-Mbit memory devices
— Supports 1-Mbyte to 1-Gbyte DRAM memory

— Contiguous memory mapping

— 16 Mbytes of ROM space

— 8-, 32-, or 64-bit ROM

— Write buffering for PCI and processor accesses

— Supports normal parity, read-modify-write (RMW), or ECC

— SDRAM data-path buffer

— Low voltage TTL logic (LVTTL)

— Port X: 8-, 32-, or 64-bit general-purpose I/O port using ROM controller
interface with address strobe
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MPC8240 Integrated Processor Overview

— 32-bit PCI interface operating up to 66 MHz

PCI 2.1-compatible

PCI 5.0-V tolerance

Support for PCI locked accesses to memory

Support for accesses to all PCI address spaces

Selectable big- or little-endian operation

Store gathering of processor-to-PCI write and PCI-to-memory write accesses
Memory prefetching of PCI read accesses

Selectable hardware-enforced coherency

PCI bus arbitration unit (five request/grant pairs)

— PCI agent mode capability

Address translation unit

Internal configuration registers accessible from PCI

— Two-channel integrated DMA controller

Supports direct mode or chaining mode (automatic linking of DMA transfers)
Supports scatter gathering—read or write discontinuous memory

Interrupt on completed segment, chain, and error

Local-to-local memory

PCI-to-PCI memory

PCI-to-local memory

Local-to-PCI memory

— Message unit

Two doorbell registers
Inbound and outbound messaging registers
I,0O message controller

— I2C controller with full master/slave support

— Embedded programmable interrupt controller (EPIC)

Five hardware interrupts (IRQs) or 16 serial interrupts
Four programmable timers

— Integrated PCI bus and SDRAM clock generation
— Programmable memory and PCI bus output drivers

— Debug features

Memory attribute and PCI attribute signals
Debug address signals

1-4
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— MIV signal: Marks valid address and data bus cycles on the memory bus.
— Error injection/capture on data path
— IEEE 1149.1 (JTAG)/test interface
* Processor core
— High-performance, superscalar processor core

— Integer unit (IU), floating-point unit (FPU) (user enabled or disabled), load/store
unit (LSU), system register unit (SRU), and a branch processing unit (BPU)

— 16-Kbyte instruction cache

— 16-Kbyte data cache

— Lockable L1 cache —entire cache or on a per-way basis
— Dynamic power management

1.1.2 MPC8240 Integrated Processor Applications

The MPC8240 can be used for control processing in applications such as routers, switches,
multi-channel modems, network storage, image display systems, enterprise I/O processor,
Internet access device (IAD), disk controller for RAID systems, and copier/printer board
control. Figure 1-2 shows the MPC8240 in the role of host processor.

MPC8240
CTRL
DMA >
MU(120) | Peripheral | < >
oG Logic Data
EPIC y Yy Main Memory:
Pon X DRAM, EDO,
Y SDRAM
Processor Core
A
¢ PCI Busr Y ; ¢
Peripheral 1 | | Peripheral 2 | | Peripheral 3 PC&}Eg'gZCI
¢ PCI Bus

Figure 1-2. System Using an Integrated MPC8240 as a Host Processor
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Figure 1-3 shows the MPC8240 in a distributed I/O processor application.

Host Processor

A

Host Bridge |

Host Memory

A

PCI Bus Y
Peripheral Peripheral System PCl-to-PCl
1 3 Controller Bridge
PCI Bus
DMA Peripheral 2
MU(I50) | Peripheral
12c Logic CTRL
EPIC _ |
A Data
Il:)rt‘;( Main Memory:
DRAM, EDO,
I ROM SDRAM
Processor Core

Figure 1-3. Embedded System Using an MPC8240 as a Distributed Processor

Figure 1-4 shows the MPC8240 as a peripheral processing device. The PCI-to-PCI bridge
shown could be of the PCI type O variety. The MPC8240 would not be part of the system
configuration map. This configuration is useful in applications such as RAID controllers,
where the I/0 devices shown are SCSI controllers, or multi-port network controllers where

the devices shown are Ethernet controllers.

MPC8240
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MPC8240
CTRL
DMA >
MU(I20) | Peripheral | [ & Data
12C LOglC
EPIC ! t‘;( Main Memory:
or DRAM, EDO,
Y ROM SDRAM
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Figure 1-4. Embedded System Using an MPC8240 as a Peripheral Processor

1.2 Processor Core Overview

The MPC8240 contains an embedded version of the MPC603e processor. For detailed
information regarding the processor refer to the following:

* MPC603e & EC603e User’s Manual (Those chapters that describe the
programming model, cache model, memory management model, exception model,
and instruction timing)

e PowerPC™ Microprocessor Family: The Programming Environments for 32-Bit
Microprocessors

This section is an overview of the processor core, provides a block diagram showing the
major functional units, and describes briefly how those units interact. Chapter 2, “PowerPC
Processor Core,” provides more important details about the functionality of the MPC8240
procesor core.
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The processor core is a low-power implementation of the PowerPC microprocessor family
of reduced instruction set computing (RISC) microprocessors. The processor core
implements the 32-bit portion of the PowerPC 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 processor core is a superscalar processor that can issue and retire as many as three
instructions per clock. Instructions can execute out of order for increased performance;
however, the processor core makes completion appear sequential.

The processor core integrates five execution units—an integer unit (IU), a floating-point
unit (FPU), a branch processing unit (BPU), a load/store unit (LSU), and a system register
unit (SRU). The ability to execute five instructions in parallel and the use of simple
instructions with rapid execution times yield high efficiency and throughput. Most integer
instructions execute in one clock cycle. On the processor core, the FPU is pipelined so a
single-precision multiply-add instruction can be issued and completed every clock cycle.

The processor core supports integer data types of 8, 16, and 32 bits, and floating-point data
types of 32 and 64 bits.

The processor core provides independent on-chip, 16-Kbyte, four-way set-associative,
physically addressed caches for instructions and data and on-chip instruction and data
memory management units (MMUs). The MMUs contain 64-entry, two-way set-
associative, data and instruction translation lookaside buffers (DTLB and ITLB) that
provide support for demand-paged virtual memory address translation and variable-sized
block translation. The TLBs and caches use a least recently used (LRU) replacement
algorithm. The processor also supports block address translation through the use of two
independent instruction and data block address translation IBAT and DBAT) arrays of four
entries each. Effective addresses are compared simultaneously with all four entries in the
BAT array during block translation. In accordance with the PowerPC architecture, if an
effective address hits in both the TLB and BAT array, the BAT translation takes priority.

As an added feature to the MPC603e core, the MPC8240 can lock the contents of one to
three ways in the instruction and data cache (or an entire cache). For example, this allows
embedded applications to lock interrupt routines or other important (time-sensitive)
instruction sequences into the instruction cache. It allows data to be locked into the data
cache, which may be important to code that must have deterministic execution.

The processor core has a selectable 32- or 64-bit data bus and a 32-bit address bus. The
processor core supports single-beat and burst data transfers for memory accesses, and
supports memory-mapped I/O operations.

Figure 1-5 provides a block diagram of the MPC8240 processor core that shows how the
execution units (IU, FPU, BPU, LSU, and SRU) operate independently and in parallel. Note
that this is a conceptual diagram and does not attempt to show how these features are
physically implemented on the chip.
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Figure 1-5. MPC8240 Integrated Processor Core Block Diagram
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Peripheral Logic Bus

1.3 Peripheral Logic Bus

The MPC8240 contains an internal peripheral logic bus that interfaces the processor core
to the peripheral logic. The core can operate at a variety of frequencies allowing the
designer to balance performance and power consumption. The processor core is clocked
from a separate PLL, which is referenced to the peripheral logic PLL. This allows the
microprocessor and the peripheral logic to operate at different frequencies while
maintaining a synchronous bus interface.

The processor core-to-peripheral logic interface includes a 32-bit address bus, a 32- or 64-
bit data bus as well as control and information signals. The peripheral logic bus allows for
internal address-only transactions as well as address and data transactions. The processor
core control and information signals include the address arbitration, address start, address
transfer, transfer attribute, address termination, data arbitration, data transfer, data
termination, and processor state signals. Test and control signals provide diagnostics for
selected internal circuits.

The peripheral logic interface supports bus pipelining, which allows the address tenure of
one transaction to overlap the data tenure of another. PCI accesses to the memory space are
monitored by the peripheral logic bus to allow the processor to snoop these accesses (when
snooping not explicitely disabled).

As part of the peripheral logic bus interface, the processor core’s data bus is configured at
power-up to either a 32- or 64-bit width. When the processor is configured with a 32-bit
data bus, memory accesses on the peripheral logic bus interface allow transfer sizes of 8,
16, 24, or 32 bits in one bus clock cycle. Data transfers occur in either single-beat
transactions, or two-beat or eight-beat burst transactions, with a single-beat transaction
transferring as many as 32 bits. Single- or double-beat transactions are caused by
noncached accesses that access memory directly (that is, reads and writes when caching is
disabled, caching-inhibited accesses, and stores in write-through mode). Eight-beat burst
transactions, which always transfer an entire cache line (32 bytes), are initiated when a line
is read from or written to memory.

When the peripheral logic bus interface is configured with a 64-bit data bus, memory
accesses allow transfer sizes of 8, 16, 24, 32, or 64 bits in one bus clock cycle. Data transfers
occur in either single-beat transactions or four-beat burst transactions. Single-beat
transactions are caused by noncached accesses that access memory directly (that is, reads
and writes when caching is disabled, caching-inhibited accesses, and stores in write-
through mode). Four-beat burst transactions, which always transfer an entire cache line (32
bytes), are initiated when a block is read from or written to memory.

1.4 Peripheral Logic Overview

The peripheral logic block integrates a PCI bridge, memory controller, DMA controller,
EPIC interrupt controller/timers, a message unit with an Intelligent Input/Output (1,0)
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message controller, and an Inter-Integrated Circuit (I2C) controller. The integration reduces
the overall packaging requirements and the number of discrete devices required for an

embedded system.

Figure 1-6 shows the major functional units within the peripheral logic block. Note that this
is a conceptual block diagram intended to show the basic features rather than an attempt to
show how these features are physically implemented.
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Figure 1-6. MPC8240 Peripheral Logic Block Diagram

1.4.1 Peripheral Logic Features
Major features of the peripheral logic are as follows:
* Peripheral logic bus
— Supports various operating frequencies and bus divider ratios
— 32-bit address bus, 64-bit data bus
— Supports full memory coherency
— Decoupled address and data buses for pipelining of peripheral logic bus accesses

— Store gathering on peripheral logic bus-to-PCI writes
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°

Memory interface

1 Gbyte of RAM space, 16 Mbytes of ROM space
High-bandwidth, 64-bit data bus (72 bits including parity or ECC)

Supports fast page mode DRAMs, extended data out (EDO) DRAMS, or
synchronous DRAMs (SDRAMs)

Supports 1 to 8 banks of DRAM/EDO/SDRAM with sizes ranging from 1 to
128 Mbytes per bank

Supports page mode SDRAMs—four open pages simultaneously

DRAM/EDQO configurations support parity or error checking and correction
(ECC); SDRAM configurations support ECC

ROM space may be split between the PCI bus and the memory bus (8 Mbytes
each)

Supports 8-bit asynchronous ROM, or 32- or 64-bit burst-mode ROM
Supports writing to flash ROM

Configurable data path

Programmable interface timing

PCI interface

Compatible with PCI Local Bus Specification, Revision 2.1

Supports PCI locked accesses to memory using the LOCK signal and protocol
Supports accesses to all PCI address spaces

Selectable big- or little-endian operation

Store gathering on PCI writes to memory

Selectable memory prefetching of PCI read accesses

Interface operates at up to 66 MHz

Parity support

Supports concurrent transactions on peripheral logic bus and PCI buses

1.4.2 Peripheral Logic Functional Units
The peripheral logic consists of the following major functional units:

Peripheral logic bus interface

Memory interface

PCI interface

— PCI bus arbitration unit

— Address maps and translation

— Big-and little-endian modes
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— PCI agent capability
— PCI bus clock buffers and bus ratios
¢  DMA controller
e Message unit
— Doorbell registers
— Message registers
— 1,0 support (circular queues)
* Embedded programmable interrupt controller (EPIC) with four timers

« I2C interface

1.4.3 Memory System Interface

The MPC8240 memory interface controls processor and PCI interactions to main memory.
It supports a variety of DRAM, and flash or ROM configurations as main memory. The
MPC8240 supports FPM (fast page mode), EDO (extended data out) and synchronous
DRAM (SDRAM). The maximum supported memory size is 1 Gbyte of DRAM or
SDRAM and 16 Mbytes of ROM/flash. SDRAM must comply with the JEDEC SDRAM
specification.

The MPC8240 implements Port X, a flexible memory bus interface that facilitates the
connection of general purpose I/O devices. The Port X functionality allows the designer to
connect external registers, communication devices, and other such devices directly to the
MPCB8240. Some devices may require a small amount of external logic to properly generate
address strobes, chip selects, and other signals.

The MPC8240 is designed to control a 32-bit or 64-bit data path to main memory DRAM
or SDRAM. For a 32-bit data path, the MPC8240 can be configured to check and generate
byte parity using four parity bits. For a 64-bit data path, the MPC8240 can be configured to
support parity or ECC checking and generation with eight parity/syndrome bits checked
and generated.

The MPC8240 supports DRAM or SDRAM bank sizes from 1 to 128 Mbytes and provides
bank start address and end address configuration registers, but MPC8240 does not support
mixed DRAM/SDRAM configurations. MPC8240 can be configured so that appropriate
row and column address multiplexing occurs according to the accessed memory bank.
Addresses are provided to DRAM and SDRAM through a 13-bit interface for DRAM and
14-bit interface for SDRAM.

Two bank selects, one write enable, one output enable, and up to 21 address signals are
provided for ROM/flash systems.
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1.4.4 Peripheral Component Interface (PCl)

The PCI interface for the MPC8240 is compatible with the Peripheral Component
Interconnect Specification Revision 2.1. Mode-selectable, big- to little-endian conversion
is supplied at the PCI interface. The MPC8240 provides an interface to the PCI bus running
at speeds up to 66 MHz.

The MPC8240’s PCI interface can be configured as host or agent. In host mode the interface
acts as the main memory controller for the system and responds to all host memory
transactions. :

In agent mode, the MPC8240 can be configured to respond to a programmed window of
PCI memory space. A variety of initialization modes are provided to boot the device.

1.4.4.1 PCI Bus Arbitration Unit

The MPC8240 contains a PCI bus arbitration unit, which reduces the need for an equivalent
external unit, thus lowering system complexity and cost. It has the following features:

¢ The unit can be disabled to allow a remote arbitration unit to be used.

* Five external arbitration signal pairs. The MPC8240 is the sixth member of the
arbitration pool.

¢ The bus arbitration unit allows fairness as well as a priority mechanism.

¢ A two-level round-robin scheme is used in which each device can be programmed
within a pool of a high- or low-priority arbitration. One member of the low-priority
pool is promoted to the high-priority pool. As soon as it is granted the bus, it returns
to the low-priority pool.

1.4.4.2 Address Maps and Translation

The MPC8240’s processor bus supports memory-mapped accesses. The address space is
divided between memory and PCI according to one of two allowable address maps. An in-
bound and out-bound PCI address translation mechanism is provided to support the use of
the MPC8240 in agent mode. Note that only map B is supported in agent mode.

When the MPC8240 is used as a peripheral processor and not the primary host, it is possible
that only a portion of the memory controlled by it may be visible to the system. In addition,
it may be necessary to map the local memory to different system memory address space.
The address translation unit handles the mapping of both in-bound and out-bound
transactions for these cases.

1.4.4.3 Byte Ordering

The MPC8240 allows the processor to run in either big- or little-endian mode (except for
the initial boot code which must run in big-endian mode).
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1.4.4.4 PCI Agent Capability

In certain applications the embedded system architecture dictates that the MPC8240 act as
peripheral processor. In this case the peripheral logic must not act like a host bridge for the
PCI bus. Instead it functions as a configurable device that is accessed by a host bridge. This
capability allows multiple MPC8240 devices to coexist with other PCI peripheral devices
on a single PCI bus. The MPC8240 contains PCI 2.1- compatible configuration capabilities.

1.4.5 DMA Controller

The integrated DMA controller contains two independent units, each capable of performing
the following types of transfers:

¢ PCI-to-local memory
¢ Local-to-PCI memory
¢ PCI-to-PCI memory

¢ Local-to-local memory

The DMA controller allows chaining through local memory-mapped chain descriptors.
Transfers can be scatter gathered and misaligned. Interrupts are provided on completed
segment, chain, and error conditions.

1.4.6 Message Unit (MU)

Many embedded applications require handshake algorithms to pass control, status, and data
information from one owner to another. This is made easier with doorbell and message
registers. The MPC8240 has a message unit (MU) that implements doorbell and message
registers as well as an 1,0 interface. The MU has many conditions that can cause interrupts
and uses the EPIC unit to signal external interrupts to the PCI interface and internal
interrupts to the processor core.

1.4.6.1 Doorbell Registers

The MPC8240 MU contains one 32-bit inbound doorbell register and one 32-bit outbound
doorbell register. The inbound doorbell register allows a remote processor to set a bit in the
register from the PCI bus. This, in turn, generates an interrupt to the processor core.

The processor core can write to the outbound register, causing the outbound interrupt signal
INTA to assert, thus interrupting the host processor. Once INTA is generated, it can be
cleared only by the host processor by writing ones to the bits that are set in the outbound
doorbell register.

1.4.6.2 Inbound and Outbound Message Registers

The MPC8240 contains two 32-bit inbound message registers and two 32-bit outbound
message registers. The inbound registers allow a remote host or PCI master to write a 32-
bit value, causing an interrupt to the processor core. The outbound registers allow the
processor core to write an outbound message which causes the outbound interrupt signal
INTA to assert.
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1.4.6.3 Intelligent Input/Output Controller (1,0)

The intelligent I/O specification is an open standard that defines an abstraction layer
interface between the OS and subsystem drivers. Messages are passed between the message
abstraction layer from one device to another.

The 1,0 specification describes a system as being made up of host processors and input/
output platforms (IOPs). The host processor is a single processor or a collection of
processors working together to execute a homogenous operating system. An IOP consists
of a processor, memory, and I/O interfaces. The IOP functions separately from other
processors within the system to handle system I/O functions.

The I,O controller of the MU enhances communication between hosts and IOPs within a
system. The MU maintains a set of FIFO buffers located in local IOP memory. Four queues
are provided: two for inbound messages and two for outbound messages. The inbound
message queues are used to transfer messages from a remote host or IOP to the processor
core. The outbound queues are used to transfer messages from the processor core to the
remote host. Messages are transferred between the host and the IOP using PCI memory-
mapped registers. The MPC8240’s 1,0 controller facilitates moving the messages to and
from the inbound and outbound registers and local IOP memory. Interrupts signal the host
and IOP to indicate the arrival of new messages.

1.4.7 Inter-Integrated Circuit (12C) Controller

The IC serial interface has become an industry de-facto standard for communicating with
low-speed peripherals. Typically, it is used for system management functions and
EEPROM support. The MPC8240 contains an I2C controller with full master and slave
functionality.

1.4.8 Embedded Programmable Interrupt Controller (EPIC)

The integrated hardware interrupt controller reduces the overall component count in
embedded applications. The embedded programmable interrupt controller (EPIC) is
designed to collect external and internal hardware interrupts, prioritize them, and deliver
them to the processor core.

The module operates in two modes:

* In direct mode, five level- or edge-triggered interrupts can be connected directly to
an MPC8240.

e The MPC8240 provides a serial delivery mechanism for when more than five
external interrupt sources are needed. The serial mechanism allows for up to 16
interrupts to be serially scanned into the MPC8240. This mechanism increases the
number of interrupts without increasing the number of pins.

The outbound interrupt request signal, L_INT, is used to signal interrupts to the host
processor when the MPC8240 is configured for agent mode. The MPC8240 EPIC includes
four programmable timers that can be used for system timing or for generating periodic
interrupts.
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1.4.9 Integrated PCI Bus and SDRAM Clock Generation

There are two clocking solutions directed towards different system requirements. For
systems where the MPC8240 is the host controller with a minimum number of clock loads,
clock fan-out buffers are provided on chip.

For systems requiring more clock fan out or where the MPC8240 is an agent device,
external clock buffers may be used.

1.4.10 Bus Ratios

The MPC8240 requires a single clock input signal, PCI_SYNC_IN, which can be driven
by the PCI clock fan-out buffers—specifically the PCI_SYNC_OUT output.
PCI_SYNC_IN can also be driven by an external clock driver.

PCI_SYNC_IN is driven by the PCI bus frequency. An internal PLL, using PCI_SYNC_IN
as a reference, generates an internal peripheral bus clock that is used for the internal logic.
The peripheral bus clock frequency is selectable by the MPC8240 PLL configuration
signals (PLL._CFG[0-4]) to be a multiple of the PCI_SYNC_IN frequency.

The MPC8240 provides an on-chip delay-locked loop (DLL) that can supply an external
memory bus clock to SDRAM banks. The memory bus clock is of the same frequency and
synchronous with the internal peripheral bus clock.

The internal clocking of the processor core is generated from and synchronized to the
internal peripheral bus clock by means of a second PLL. The core’s PLL provides multiples
of the internal processor core clock rates as specified in the MPC8240 Hardware
Specification.

1.5 Power Management

The MPC8240 provides both automatic and program-controllable power reduction modes
for progressive reduction of power consumption.

The MPC8240 has independent power management functionality for both the processor
core and the peripheral logic. The MPC8240 provides hardware support for three levels of
programmable power reduction for both the processor and the peripheral logic. Doze, nap,
and sleep modes are invoked by register programming —HIDO in the case of the processor
core and configuration registers in the case of the peripheral logic block. The processor and
peripheral logic blocks are both fully static, allowing internal logic states to be preserved
during all power-saving modes. The following sections describe the programmable power
modes.
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1.5.1 Programmable Processor Power Management Modes
Table 1-1 summarizes the programmable power-saving modes for the processor core. These

are very similar to those available in the MPC603e device.

Table 1-1. Programmable Processor Power Modes

PM Mode Functioning Units Activation Method Full-Power Wake Up Method
Full power All units active - -
Full power Requested logic by By instruction dispatch -_
(with DPM) demand
Doze Bus snooping Controlled by software External asynchronous exceptions
Data cache as needed (write to HIDO) (assertion of SMI or'int ),
Decrementer timer Decrementer exception
Hard or soft reset
Machine check exception (mcp)
Nap Decrementer timer Controlled by software External asynchronous exceptions
(write to HIDO) and (assertion of SMI, orint )
qualified with QACK from | Decrementer exception
peripheral logic Negation of QACK by peripheral logic
Hard or soft reset
Machine check exception (mcp)
Sleep None Controlled by software External asynchronous exceptions
(write to HIDO) and (assertion of SMI, orint )
qualified with QACK from | Negation of QACK by peripheral logic
peripheral logic Hard or soft reset
Machine check exception (mcp)

1.5.2 Peripheral Logic Power Management Modes

The following subsections describe the power management modes of the peripheral logic.
Table 1-2 summarizes the programmable power-saving modes for the peripheral logic

block.
Table 1-2. Programmable Peripheral Logic Power Modes
PM i . - Full-Power Wake Up
Mode Functioning Units Activation Method Method
Full All units active - -
power

System RAM refreshing
EPIC unit

12C unit
PLL

Doze PCI address decoding and bus arbiter

Processor bus request and NMI monitoring

Controlled by software
(write to PMCR)

PCl access to memory
Processor bus request
Assertion of NMI
Interrupt to EPIC

Hard Reset
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Table 1-2. Programmable Peripheral Logic Power Modes (Continued)

MF:me Functioning Units Activation Method FuII-P?wv::‘\;\:’ake Up
Nap PCl address decoding and bus arbiter Controlled by software PCl access to memory’
System RAM refreshing (write to PMCR) and Processor bus request
Processor bus request and NMI monitoring processor core in nap or | Assertion of NMI
EPIC unit sleep mode Interrupt to EPIC
12C uni Hard Reset
PLL
Sleep PCl bus arbiter Controlled by software Processor bus request
System RAM refreshing (can be disabled) (write to PMCR) and Assertion of NMI
Processor bus request and NMI monitoring processor core in nap or | Interrupt to EPIC
EPIC unit sleep mode Hard Reset
12C unit
PLL (can be disabled)

A PCI access to memory in nap mode does not cause QACK to negate; subsequently, it does not wake up the
processor core. Thus the processor won'’t snoop this access. After servicing the PCI access, the peripheral
logic automatically returns to the nap mode.

1.6 Debug Features
The MPC8240 includes the following debug features:

* Memory attribute and PCI attribute signals

* Debug address signals

e MIV signal: Marks valid address and data bus cycles on the memory bus.
* Error injection/capture on data path

* IEEE 1149.1 (JTAG)/test interface

1.6.1 Memory Attribute and PCI Attribute Signals

The MPC8240 provides additional information corresponding to memory and PCI activity
on several signals to assist with system debugging. The two types of attribute signals are
described as follows:

* The memory attribute signals are associated with the memory interface and provide
information concerning the source of the memory operation being performed by the
MPC8240.

» The PCI attribute signals are associated with the PCI interface and provide
information concerning the source of the PCI operation being performed by the
MPC8240.

1.6.2 Memory Debug Address

When enabled, the debug address provides software disassemblers a simple way to
reconstruct the 30-bit physical address for a memory bus transaction to DRAM and
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SDRAM, ROM, FLASH, or PortX. For DRAM or SDRAM, these 16 debug address signals
are sampled with the column address and chip-selects. For ROMs, FLASH, and PortX
devices, the debug address pins are sampled at the same time as the ROM address and can
be used to recreate the 24-bit physical address in conjunction with ROM address. The
granularity of the reconstructed physical address is limited by the bus width of the interface;
double-words for 64-bit interfaces, words for 32-bit interfaces, and bytes for 8-bit
interfaces.

1.6.3 Memory Interface Valid (MIV)

The memory interface valid signal, MIV, is asserted whenever FPM, EDO, SDRAM,
FLASH, or ROM addresses or data are present on the external memory bus. It is intended
to help reduce the number of bus cycles that logic analyzers must store in memory during
a debug trace.

1.6.4 Error Injection/Capture on Data Path

The MPC8240 provides hardware to excercise and debug the ECC and parity logic by
allowing the user to inject multi-bit stuck-at faults onto the peripheral logic or memory
data/parity busses and to capture the data/parity output on receipt of an ECC or parity error.

1.6.5 IEEE 1149.1 (JTAG)/Test Interface

The processor core provides IEEE 1149.1 functions for facilitating board testing and
debugging. The IEEE 1149.1 test interface provides a means for boundary-scan testing the
processor core and the board to which it is attached.
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Chapter 2
PowerPC Processor Core

The MPC8240 contains an embedded version of the PowerPC 603e™ processor called the
G2 core. This chapter provides an overview of the basic functionality of the G2 processor
core. For detailed information regarding the processor refer to the following:

* MPC603e & EC603e User’s Manual (Those chapters that describe the
programming model, cache model, memory management model, exception model,
and instruction timing)

e PowerPC™ Microprocessor Family: The Programming Environments for 32-Bit
Microprocessors

This section describes the details of the processor core, provides a block diagram showing
the major functional units, and describes briefly how those units interact. At the end of this
chapter, there is a section that outlines the detailed differences between the G2 core and the
MPC8240 processor.

The signals associated with the processor core are described in Chapter 3, “Signal
Descriptions and Clocking.”

2.1 Overview

The processor core is a low-power implementation of the PowerPC microprocessor family
of reduced instruction set computing (RISC) microprocessors. The processor core
implements the 32-bit portion of the PowerPC architecture, which supports 32-bit effective
addresses.

Figure 2-1 is a block diagram of the processor core.
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The processor core is a superscalar processor that can issue and retire as many as three
instructions per clock. Instructions can execute out of order for increased performance;
however, the processor core makes completion appear sequential.

The processor core integrates five execution units—an integer unit (IU), a floating-point
unit (FPU), a branch processing unit (BPU), a load/store unit (LSU), and a system register
unit (SRU). The ability to execute five instructions in parallel and the use of simple
instructions with rapid execution times yield high efficiency and throughput. Most integer
instructions execute in one clock cycle. On the processor core, the FPU is pipelined so a
single-precision multiply-add instruction can be issued and completed every clock cycle.
The processor core supports integer data types of 8, 16, and 32 bits, and floating-point data
types of 32 and 64 bits.

The processor core provides separate on-chip, 16-Kbyte, four-way set-associative,
physically addressed caches for instructions and data and on-chip instruction and data
memory management units (MMUs). The MMUSs contain 64-entry, two-way set-
associative, data and instruction translation lookaside buffers (DTLB and ITLB) that
provide support for demand-paged virtual memory address translation and variable-sized
block translation. The TLBs and caches use a least recently used (LRU) replacement
algorithm. The processor core also supports block address translation through the use of
two independent instruction and data block address translation (IBAT and DBAT) arrays of
four entries each. Effective addresses are compared simultaneously with all four entries in
the BAT array during block translation. In accordance with the PowerPC architecture, if an
effective address hits in both the TLB and BAT array, the BAT translation takes priority.

As an added feature to the MPC603e core, the MPC8240 can lock the contents of 1-3 ways
in the instruction and data cache (or an entire cache). For example, this allows embedded
applications to lock interrupt routines or other important (time-sensitive) instruction
sequences into the instruction cache. It allows data to be locked into the data cache, which
may be important to code that must have deterministic execution.

The processor core has a selectable 32- or 64-bit data bus and a 32-bit address bus. The
processor core supports single-beat and burst data transfers for memory accesses and
supports memory-mapped I/O operations.

2.2 PowerPC Processor Core Features

This section describes the major features of the processor core:

* High-performance, superscalar microprocessor
— As many as three instructions issued and retired per clock cycle
— As many as five instructions in execution per clock cycle
— Single-cycle execution for most instructions

— {FPU for all single-precision and most double-precision operations
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Five independent execution units and two register files

— BPU featuring static branch prediction

— A 32-bit IU

— Fully IEEE 754-compliant FPU for both single- and double-precision operations
— LSU for data transfer between data cache and GPRs and FPRs

— SRU that executes condition register (CR), special-purpose register (SPR), and
integer add/compare instructions

— Thirty-two GPRs for integer operands

— Thirty-two FPRs for single- or double-precision operands

High instruction and data throughput

— Zero-cycle branch capability (branch folding)

— Programmable static branch prediction on unresolved conditional branches
— BPU that performs CR lookahead operations

— Instruction fetch unit capable of fetching two instructions per clock from the
instruction cache

— A six-entry instruction queue that provides lookahead capability

— Independent pipelines with feed-forwarding that reduces data dependencies in
hardware

— 16-Kbyte data cache — four-way set-associative, physically addressed, LRU
replacement algorithm

— 16-Kbyte instruction cache —four-way set-associative, physically addressed,
LRU replacement algorithm

— Cache write-back or write-through operation programmable on a per page or per
block basis

— Address translation facilities for 4-Kbyte page size, variable block size, and
256-Mbyte segment size

— A 64-entry, two-way set-associative ITLB
— A 64-entry, two-way set-associative DTLB

— Four-entry data and instruction BAT arrays providing 128-Kbyte to 256-Mbyte
blocks

— Software table search operations and updates supported through fast trap
mechanism

— 52-bit virtual address; 32-bit physical address
Facilities for enhanced system performance

— A 32- or 64-bit split-transaction internal data bus interface to the peripheral logic
bus with bursting

— Support for one-level address pipelining and out-of-order bus transactions
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— Hardware support for misaligned little-endian accesses

— Cofigurable processor bus frequency multipliers as defined in the MPC8240
Integrated Processor Hardware Specifications.

* Integrated power management
— Three power-saving modes: doze, nap, and sleep
— Automatic dynamic power reduction when internal functional units are idle
* Deterministic behavior and debug features
— On-chip cache locking options for the instruction and data caches (1-3 ways or
the entire cache contents can be locked)

— In-system testability and debugging features through JTAG and boundary-scan
capability

Figure 2-1 shows how the execution units (IU, BPU, FPU, LSU, and SRU) operate
independently and in parallel. Note that this is a conceptual diagram and does not attempt
to show how these features are physically implemented on the chip.

2.2.1 Instruction Unit

As shown in Figure 2-1, the instruction unit, which contains a fetch unit, instruction queue,
dispatch unit, and the BPU, provides centralized control of instruction flow to the execution
units. The instruction unit determines the address of the next instruction to be fetched based
on information from the sequential fetcher and from the BPU.

The instruction unit fetches the instructions from the instruction cache into the instruction
queue. The BPU extracts branch instructions from the fetcher and uses static branch
prediction on unresolved conditional branches to allow the instruction unit to fetch
instructions from a predicted target instruction stream while a conditional branch is
evaluated. The BPU folds out branch instructions for unconditional branches or conditional
branches unaffected by instructions in progress in the execution pipeline.

Instructions issued beyond a predicted branch do not complete execution until the branch
is resolved, preserving the programming model of sequential execution. If any of these
instructions are to be executed in the BPU, they are decoded but not issued. Instructions to
be executed by the IU, FPU, LSU, and SRU are issued and allowed to complete up to the
register write-back stage. Write-back is allowed when a correctly predicted branch is
resolved, and instruction execution continues without interruption on the predicted path. If
branch prediction is incorrect, the instruction unit flushes all predicted path instructions,
and instructions are issued from the correct path.

2.2.2 Instruction Queue and Dispatch Unit

The instruction queue (1Q), shown in Figure 2-1, holds as many as six instructions and loads
up to two instructions from the instruction unit during a single cycle. The instruction fetch
unit continuously loads as many instructions as the space in the IQ allows. Instructions are
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dispatched to their respective execution units from the dispatch unit at a maximum rate of
two instructions per cycle. Reservation stations at the IU, FPU, LSU, and SRU facilitate
instruction dispatch to those units. The dispatch unit checks for source and destination
register dependencies, determines dispatch serializations, and inhibits subsequent
instruction dispatching as required. Section 2.7, “Instruction Timing,” describes instruction
dispatch in detail.

2.2.3 Branch Processing Unit (BPU)

The BPU receives branch instructions from the fetch unit and performs CR lookahead
operations on conditional branches to resolve them 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 an unresolved conditional branch instruction is encountered,
instructions are fetched from the predicted target stream until the conditional branch is
resolved.

The BPU contains an adder to compute branch target addresses and three user-control
registers— the link register (LR), the count register (CTR), and the condition register (CR).
The BPU calculates the return pointer for subroutine calls and saves it into the LR for
certain types of branch instructions. The LR also contains the branch target address for the
Branch Conditional to Link Register (belrx) instruction. The CTR contains the branch
target address for the Branch Conditional to Count Register (bcetrx) instruction. The
contents of the LR and CTR can be copied to or from any GPR. Because the BPU uses
dedicated registers rather than GPRs or FPRs, execution of branch instructions is largely
independent from execution of other instructions.

2.2.4 Independent Execution Units

The PowerPC architecture’s support for independent execution units allows
implementation of processors with out-of-order instruction execution. For example,
because branch instructions do not depend on GPRs or FPRs, branches can often be
resolved early, eliminating stalls caused by taken branches.

In addition to the BPU, the processor core provides four other execution units and a
completion unit, which are described in the following sections.

2.2.4.1 Integer Unit (IU)

The IU executes all integer instructions. The IU executes one integer instruction at a time,
performing computations with its arithmetic logic unit (ALU), multiplier, divider, and XER
register. Most integer instructions are single-cycle instructions. Thirty-two general-purpose
registers are provided to support integer operations. Stalls due to contention for GPRs are
minimized by the automatic allocation of rename registers. The processor core writes the
contents of the rename registers to the appropriate GPR when integer instructions are
retired by the completion unit.

2-6 MPC8240 Integrated Processor User's Manual MOTOROLA



PowerPC Processor Core Features

2.2.4.2 Floating-Point Unit (FPU)

The FPU contains a single-precision multiply-add array and the floating-point status and
control register (FPSCR). The multiply-add array allows the processor to efficiently
implement multiply and multiply-add operations. The FPU is pipelined so that single-
precision instructions and double-precision instructions can be issued back-to-back. Thirty-
two floating-point registers are provided to support floating-point operations. Stalls due to
contention for FPRs are minimized by the automatic allocation of rename registers. The
processor writes the contents of the rename registers to the appropriate FPR when floating-
point instructions are retired by the completion unit.

The processor supports all IEEE 754 floating-point data types (normalized, denormalized,
NaN, zero, and infinity) in hardware, eliminating the latency incurred by software
exception routines.

2.2.4.3 Load/Store Unit (LSU)

The LSU executes all load and store instructions and provides the data transfer interface
between the GPRs, FPRs, and the cache/memory subsystem. The LSU calculates effective
addresses, performs data alignment, and provides sequencing for load/store string and
multiple instructions.

Load and store instructions are issued and translated in program order; however, the actual
memory accesses can occur out of order. Synchronizing instructions are provided to
enforce strict ordering where needed.

Cacheable loads, when free of data dependencies, execute in an out-of-order manner with
a maximum throughput of one per cycle and a two-cycle total latency. Data returned from
the cache is held in a rename register until the completion logic commits the value to a GPR
or FPR. Store operations do not occur until a predicted branch is resolved. They remain in
the store queue until the completion logic signals that the store operation is definitely to be
completed to memory.

The processor core executes store instructions with a maximum throughput of one per cycle
and a three-cycle total latency. The time required to perform the actual load or store
operation varies depending on whether the operation involves the cache, system memory,
or an I/O device.

2.2.4.4 System Register Unit (SRU)

The SRU executes various system-level instructions, including condition register logical
operations and move to/from special-purpose register instructions, and integer add/
compare instructions. Because SRU instructions affect modes of processor operation, most
SRU instructions are completion-serialized. That is, the instruction is held for execution in
the SRU until all prior instructions issued have completed. Results from completion-
serialized instructions executed by the SRU are not available or forwarded for subsequent
instructions until the instruction completes.
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2.2.5 Completion Unit

The completion unit tracks instructions from dispatch through execution, and then retires,
or completes them in program order. Completing an instruction commits the processor core
to any architectural register changes caused by that instruction. In-order completion ensures
the correct architectural state when the processor core must recover from a mispredicted
branch or any exception.

Instruction state and other information required for completion is kept in a first-in-first-out
(FIFO) queue of five completion buffers. A single completion buffer is allocated for each
instruction once it enters the dispatch unit. An available completion buffer is a required
resource for instruction dispatch; if no completion buffers are available, instruction
dispatch stalls. A maximum of two instructions per cycle are completed in order from the
queue.

2.2.6 Memory Subsystem Support

The processor core supports cache and memory management through separate instruction
and data MMUs (IMMU and DMMU). The processor core also provides dual 16-Kbyte
instruction and data caches, and an efficient peripheral bus interface to facilitate access to
main memory and other bus subsystems. The memory subsystem support functions are
described in the following subsections.

2.2.6.1 Memory Management Units (MMUs)

The processor core’s MMUs support up to 4 Petabytes (252) of virtual memory and
4 Gbytes (232) of physical memory (referred to as real memory in the PowerPC architecture
specification) for instructions and data. The MMUs also control access privileges for these
spaces on block and page granularities. Referenced and changed status is maintained by the
processor for each page to assist implementation of a demand-paged virtual memory
system. A key bit is implemented to provide information about memory protection
violations prior to page table search operations.

The LSU calculates effective addresses for data loads and stores, performs data alignment
to and from cache memory, and provides the sequencing for load and store string and
multiple word instructions. The instruction unit calculates the effective addresses for
instruction fetching.

The MMUs translate effective addresses and enforce the protection hierarchy programmed
by the operating system in relation to the supervisor/user privilege level of the access and
in relation to the type of access—Iload or store.

2.2.6.2 Cache Units

The processor core provides independent 16-Kbyte, four-way set-associative instruction
and data caches. The cache block size is 32 bytes. The caches are designed to adhere to a
write-back policy, but the processor core allows control of cacheability, write policy, and
memory coherency at the page and block levels. The caches use a least recently used (LRU)
replacement algorithm.
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The load/store and instruction fetch units provide the caches with the address of the data or
instruction to be fetched. In the case of a cache hit, the cache returns two words to the
requesting unit.

Note that the MPC8240 processor core has some additional cache locking functionality
compared to the MPC603e. This is described in more detail in Section 2.4.2.3, “Cache
Locking.”

2.2.6.3 Peripheral Logic Bus Interface

The MPC8240 contains an iniernal peripheral logic bus that interfaces the processor core
to the peripheral logic. This internal bus is very similar in function to the external 60x bus
interface on the MPC603e. In the case of the MPC8240, the central control unit (CCU)
terminates all the transactions and internally directs all accesses to the appropriate
peripheral (or memory) interface.

2.2.6.3.1 Peripheral Logic Bus Protocol

The processor core-to-peripheral logic interface includes a 32-bit address bus, a 32- or 64-
bit data bus as well as control and information signals. The peripheral logic interface allows
for address-only transactions as well as address and data transactions. The processor core
control and information signals include the address arbitration, address start, address
transfer, transfer attribute, address termination, data arbitration, data transfer, data
termination, and processor state signals. Test and control signals provide diagnostics for
selected internal circuits.

The peripheral logic interface supports bus pipelining, which allows the address tenure of
one transaction to overlap the data tenure of another. PCI accesses to the memory space are
monitored by the peripheral logic bus to allow the processor to snoop these accesses
(provided PICR[27] is cleared).

2.2.6.3.2 Peripheral Logic Bus Data Transfers

As part of the peripheral logic bus interface, the processor core’s data bus is configured at
power-up (by the value on the DL[0] signal) to either a 32- or 64-bit width.

When the processor is configured with a 32-bit data bus, memory accesses on the peripheral
logic bus interface allow transfer sizes of 8, 16, 24, or 32 bits in one bus clock cycle. Data
transfers occur in either single-beat transactions, or two-beat or eight-beat burst
transactions, with a single-beat transaction transferring as many as 32 bits. Single- or
double-beat transactions are caused by noncached accesses that access memory directly
(that is, reads and writes when caching is disabled, caching-inhibited accesses, and stores
in write-through mode). Eight-beat burst transactions, which always transfer an entire
cache line (32 bytes), are initiated when a line is read from or written to memory.

When the peripheral logic bus interface is configured with a 64-bit data bus, memory
accesses allow transfer sizes of 8, 16, 24, 32, or 64 bits in one bus clock cycle. Data transfers
occur in either single-beat transactions or four-beat burst transactions. Single-beat
transactions are caused by noncached accesses that access memory directly (that is, reads
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and writes when caching is disabled, caching-inhibited accesses, and stores in write-
through mode). Four-beat burst transactions, which always transfer an entire cache line (32
bytes), are initiated when a line is read from or written to memory.

2.2.6.3.3 Peripheral Logic Bus Frequency

The core can operate at a variety of frequencies allowing the designer to trade off
performance for power consumption. The processor core is clocked from a separate PLL,
which is referenced to the peripheral logic PLL. This allows the microprocessor and the
peripheral logic to operate at different frequencies while maintaining a synchronous bus
interface.

2.3 Programming Model

The following subsections describe the PowerPC instruction set and addressing modes in
general.

2.3.1 Register Set

This section describes the register organization in the processor core as defined by the three
programming environments of the PowerPC architecture—the user instruction set
architecture (UISA), the virtual environment architecture (VEA), and the operating
environment architecture (OEA), as well as the MPC8240 core implementation-specific
registers. Full descriptions of the basic register set defined by the PowerPC architecture are
provided in Chapter 2, “PowerPC Register Set,” in The Programming Environments
Manual.

The PowerPC architecture defines register-to-register operations for all computational
instructions. Source data for these instructions is accessed from the on-chip registers or is
provided as an immediate value embedded in the opcode. The three-register instruction
format allows specification of a target register distinct from the two source registers, thus
preserving the original data for use by other instructions and reducing the number of
instructions required for certain operations. Data is transferred between memory and
registers with explicit load and store instructions only.

Figure 2-2 shows the complete MPC8240 register set and the programming environment to
which each register belongs. This figure includes both the PowerPC register set and the
MPC8240-specific registers.
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Note that there may be registers common to other PowerPC processors that are not
implemented in the MPC8240’s processor core. Unsupported Special Purpose Register
(SPR) values are treated as follows:

e Any mtspr with an invalid SPR executes as a no-op.

e Any mfspr with an invalid SPR causes boundedly undefined results in the target
register.

Conversely, some SPRs in the processor core may not be implemented at all or may not be
implemented in the same way in other PowerPC processors.

2.3.1.1 PowerPC Register Set

The PowerPC UISA registers, shown in Figure 2-2, can be accessed by either user- or
supervisor-level instructions. The general-purpose registers (GPRs) and floating-point
registers (FPRs) are accessed through instruction operands. Access to registers can be
explicit (that is, through the use of specific instructions for that purpose such as the mtspr
and mfspr instructions) or implicit as part of the execution (or side effect) of an instruction.
Some registers are accessed both explicitly and implicitly.

The number to the right of the register name indicates the number that is used in the syntax
of the instruction operands to access the register (for example, the number used to access
the XER is one). For more information on the PowerPC register set, refer to Chapter 2,
“PowerPC Register Set,” in The Programming Environments Manual.
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4 SUPERVISOR MODEL —OEA N\
Configuration Registers
Hardware
f \ Implementation Machine State Processor Version
USER MODEL Registers’ Register Register
UISA HIDO | SPR 1008 MSR PVR | SPR287
General-Purpose
Registers HID1 SPR 1009
GPRO HID2 SPR 1011
GPR1 Memory Management Registers
: Instruction BAT . Software Table
: Registers Data BAT Registers Search Registers’
GPR31 IBATOU | SPR 528 DBATOU | SPR536 DMISS | SPR 976
IBATOL | SPR 529 DBATOL | SPR537 DCMP | SPR 977
] ] IBAT1U | SPR 530 DBAT1U | SPR538 HASH1 | SPR978
Floating-Point IBATIL | SPR 531 DBATL | SPR539 HASH2 | SPR979
Registers
FPRO IBAT2U | SPR532 DBAT2U | SPR 540 IMISS | SPR 980
PR IBAT2L | SPR 533 DBAT2L | SPR 541 ICMP | SPR 981
IBAT3U | SPR 534 DBAT3U | SPR542 RPA | SPR982
: IBAT3L | SPR535 DBAT3L | SPR543 i
Segment Registers
FPR31 SDR1 SRO
SPR 25 SR1
Condition Register :
SR15
XER Exception Handling Registers
SPR 1 Data Address Register DSISR
DAR DSISR | SPR18
Link Register SPR19
SPRGs Save and Restore Registers
LR
SPRS SPRGO | SPR 272 SRRO | SPR26
Count Register SPRG1 | SPR273 SRR1 | SPR27
SPRG2 | SPR 274

CTR |sPRo
\_ J SPRG3 | SPR 275

USER MODEL Miscellaneous Registers
VEA Time Base Facility
Time Base Facility (For Writing) Decrementer
(For Reading) TBL | SPR2s4 SPR 22
TBL TBR 268 TBU SPR 285
\ TBU | TBR 269/ Instruction Address External Address

Breakpoint Register' Register (Optional)
\ SPR 1010 EAR | SPR282 )

1 These implementation—specific registers may not be supported by other PowerPC processors or processor cores.

Figure 2-2. MPC8240 Programming Model—Registers
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2.3.1.2 MPC8240-Specific Registers

The set of registers specific to the MPC603e are shown in Figure 2-2. Most of these are
described in the MPC603e User’s Manual and are implemented in the MPC8240 as
follows:

*  MMU software table search registers—DMISS, DCMP, HASH1, HASH2, IMISS,
ICMP, and RPA. These registers facilitate the software required to search the page
tables in memory.

» TABR—This register facilitates the setting of instruction breakpoints.

The hardware implementation-dependent registers (HIDx) are implemented differently in
the MPC8240 as described in the following subsections.

2.3.1.2.1 Hardware Implementation-Dependent Register 0 (HIDO)
The processor core’s implementation of HIDO differs from the MPC603e User’s Manual as
follows:

e Bit 5, HIDO[EICE], has been removed
* No support for pipeline tracking

Figure 2-3 shows the MPC8240 implementation of HIDO. HIDO can be accessed with
mtspr and mfspr using SPR1008.

SBCLK DOZE  SLEEP DCE  DLOCK FBIOB
EMCP  EBA EBD l ECLK l NAP lDPM NHR ICE ln.ocr(l ICFI DCFI l ABE NOOPTI
0 1 2 3 4 5 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 3l

Figure 2-3. Hardware Implementation Register 0 (HIDO)

Table 2-1 shows the bit definitions for HIDO.
Table 2-1. HIDO Field Descriptions

Bits Name Description

0 EMCP [Enable machine check internal signal

0 The assertion of the internal mcp signal from the peripheral logic does not cause a machine
check exception.

1 Enables the machine check exception based on assertion of the internal mcp signal from the
peripheral logic to the processor core.

Note that the machine check exception is further affected by MSR[ME], which specifies whether

the processor checkstops or continues processing.

1 — Reserved
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Table 2-1. HIDO Field Descriptions (Continued)

Bits Name Description
2 EBA Enable/disable internal peripheral bus (60x bus) address parity checking

0 Prevents address parity checking

1 Allows a address parity error to cause a checkstop if MSR[ME] = 0 or a machine check
exception if MSR[ME] = 1

EBA and EBD let the processor operate with memory subsystems that do not generate parity.

3 EBD Enable internal peripheral bus (60x bus) data parity checking

0 Parity checking is disabled.

1 Allows a data parity error to cause a checkstop if MSR[ME] = 0 or a machine check exception
if MSR[ME] = 1

EBA and EBD let the processor operate with memory subsystems that do not generate parity.

4 SBCLK | CKO output enable and clock type selection. When PMCR1[CKO_SEL] = 0, this bit is used in

conjunction with HIDO[ECLK] and the hard reset signals to configure CKO. See Table 2-2.

5 - EICE bit on some other PowerPC devices

This bit is not used in the MPC8240 (and so it is reserved).

6 ECLK | CKO output enable and clock type selection.When PMCR1[CKO_SEL] = 0, this bit is used in

conjunction with HIDO[SBCLK] and the hard reset signals to configure CKO. See Table 2-2.

7 - PAR bit on some other PowerPC devices to disable precharge of ARTRY signal

This bit is not used in the MPC8240 (and so it is reserved).

8 DOZE |Doze mode enable. Operates in conjunction with MSR[POW]. !

0 Processor doze mode disabled.

1 Processor doze mode enabled. Doze mode is invoked by setting MSR[POW] while this bit is
set. In doze mode, the PLL, time base, and snooping remain active.

9 NAP Nap mode enable—Operates in conjunction with MSR[POW]

0 Processor nap mode disabled

1 Processor nap mode enabled. Nap mode is invoked by setting MSR[POW] while this bit is set.
When this occurs, the processor indicates that it is ready to enter nap mode. If the peripheral
logic determines that the processor may enter nap mode (no more snooping of the internal
buffers is required), the processor enters nap mode after several processor clocks. In nap
mode, the PLL and the time base remain active.

Note that the MPC8240 asserts the QACK output signal depending on the power-saving state of

the peripheral logic, and not on the power-saving state of the processor core.

10 SLEEP [Sleep mode enable—Operates in conjunction with MSR[POW] !

0 Processor sleep mode disabled.

1 Processor sleep mode enabled—Sleep mode is invoked by setting MSR[POW] while this bit is
set. When this occurs, the processor indicates that it is ready to enter sleep mode. If the
peripheral logic determines that the processor may enter sleep mode (no more snooping of
the internal buffers is required), the processor enters sleep mode after several processor
clocks. At this point, the system logic may turn off the PLL by first configuring PLL_CFG[0—4]
to PLL bypass mode, and then disabling the internal sys_logic-clk signal.

Note that the MPC8240 asserts the QACK output signal depending on the power-saving state of

the peripheral logic, and not on the power-saving state of the processor core.

11 DPM Dynamic power management enable 1

0 Processor dynamic power management is disabled.

1 Functional units enter a low-power mode automatically if the unit is idle. This does not affect
operational performance and is transparent to software or any external hardware.

12-14 —_ Reserved
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Table 2-1. HIDO Field Descriptions (Continued)

Bits

Name

Description

15

NHR

Not hard reset (software-use only) —Helps software distinguish a hard reset from a soft reset.

0 A hard reset occurred if software had previously set this bit.

1 A hard reset has not occurred. If software sets this bit after a hard reset, when a reset occurs
and this bit remains set, software can tell it was a soft reset.

16

ICE

Instruction cache enable 2

0The instruction cache is neither accessed nor updated. All pages are accessed as if they were
marked cache-inhibited (WIM = X1X). Potential cache accesses from the bus (snoop and cache
operations) are ignored. In the disabled state for the L1 caches, the cache tag state bits are
ignored, and all accesses are propagated to the bus as single-beat transactions.For these
transactions, however, the processor reflects the original state of the | bit (from the MMU) to the
peripheral logic block, regardless of cache disabled status.

ICE is zero at power-up.

1 The instruction cache is enabled

17

DCE

Data cache enable 2

0 The data cache is neither accessed nor updated. All pages are accessed as if they were
marked cache-inhibited (WIM = X1X). Potential cache accesses from the bus (snoop and
cache operations) are ignored. In the disabled state for the L1 caches, the cache tag state bits
are ignored and all accesses are propagated to the bus as single-beat transactions.

For those transactions, however, the processor reflects the original state of the | bit (from the

MMU) to the peripheral logic block, regardiess of cache disabled status.

ICE is zero at power-up.

1 The data cache is enabled.

18

ILOCK

Instruction cache lock

0 Normal operation

1 Instruction cache is locked. A locked cache supplies data normally on a hit, but an access is
treated as a cache-inhibited transaction on a miss. On a miss, the transaction to the bus is
single-beat.To prevent locking during a cache access, an isync must precede the setting of
ILOCK.

19

DLOCK

Data cache lock

0 Normal operation

1 Data cache is locked. A locked cache supplies data normally on a hit but an access is treated
as a cache-inhibited transaction on a miss. On a miss, the transaction to the bus is single-
beat.

A snoop hit to a locked L1 data cache performs as if the cache were not locked. A cache block

invalidated by a snoop remains invalid until the cache is unlocked.

To prevent locking during a cache access, a sync must precede the setting of DLOCK.

20

ICFI

Instruction cache flash invalidate 2

0 The instruction cache is not invalidated. The bit is cleared when the invalidation operation
begins (usually the next cycle after the write operation to the register). The instruction cache
must be enabled for the invalidation to occur.

An invalidate operation is issued that marks the state of each instruction cache block as invalid
without writing back modified cache blocks to memory. Cache access is blocked during this
time. Accesses to the cache from the peripheral logic bus are signaled as a miss during
invalidate-all operations. Setting ICFI clears all the valid bits of the blocks and the PLRU bits to
point to way LO of each set. Once this flash invalidate bit is set through an mtspr instruction,
hardware automatically resets this bit in the next cycle (provided that the corresponding cache
enable bit is set in HIDO).

e
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Table 2-1. HIDO Field Descriptions (Continued)

Bits Name Description
21 DCFI Data cache flash invalidate 2

0 The data cache is not invalidated. The bit is cleared when the invalidation operation begins
(usually the next cycle after the write operation to the register). The data cache must be
enabled for the invalidation to occur.

1 An invalidate operation is issued that marks the state of each data cache block as invalid
without writing back modified cache blocks to memory. Cache access is blocked during this
time. Accesses to the cache from the peripheral logic bus are signaled as a miss during
invalidate-all operations. Setting DCFI clears all the valid bits of the blocks and the PLRU bits
so that they point to way LO of each set. Once the flash invalidate bit is set through an mtspr
instruction, hardware automatically resets this bit in the next cycle (provided that the
corresponding cache enable bit is set in HIDO).

22-23 - Reserved
24 - IFEM bit on some other PowerPC devices
This bit is not used in the MPC8240 (and so it is reserved).
25-26 - Reserved
27 FBIOB | Force branch indirect on bus

0 Register indirect branch targets are fetched normally

1 Forces register indirect branch targets to be fetched externally.

28 - Reserved—Used as address broadcast enable bit on some other PowerPC devices
29-30 - Reserved
31 NOOPTI | No-op the data cache touch instructions

0 The dcbt and dcbitst instructions are enabled.
1 The dcbt and debtst instructions are no-oped globally.

1 See Chapter 9, “Power Management,” of the MPC603e User’s Manual for more information.
2 See Chapter 3, “Instruction and Data Cache Operation,” of the MPC603e User’s Manual for more information.

Table 2-2 shows how HIDO[SBCLK], HIDO[ECLK], and the hard reset signals are used to
configure CKO when PCMR[CKO_SEL] = 0. When PCMR[CKO_SEL] = 1, the
CKO_MODE field of PCMR determines the signal driven on CKO.

Table 2-2. HIDO[BCLK] and HIDO[ECLK] CKO Signal Configuration

HRST_CPU
and HIDO[ECLK] | HIDO[SBCLK] Signal Driven on CKO
HRST_CTRL
Asserted X X sys-logic-clk
Negated 0 0 High impedance
Negated 0 1 sys-logic-clk divided by 2
Negated 1 0 Processor core clock
Negated 1 1 sys-logic-clk
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2.3.1.2.2 Hardware Implementation-Dependent Register 1 (HID1)
The MPC8240 implementation of HID1 is shown in Figure 2-4.

PLLRATIO — ]

Figure 2-4. Hardware Implementation Register 1 (HID1)

Tabie 2-3 shows the bit definitions for HID1.

Table 2-3. HID1 Field Descriptions

Bits Name Function

0—4 | PLLRATIO | PLL configuration processor core frequency ratio—This read-only field is determined by the value
on the PLL_CFG[0—4] signals during reset and the processor-to-memory clock frequency ratio
defined by that PLL_CFG[0-4] value. See MPC8240 Hardware Specification for a listing of
supported settings. Note that multiple settings of the PLL_CFG[0—4] signals can map to the same
PLLRATIO value. Thus, system software cannot read the PLLRATIO value and associate it with a
unique PLL_CFG[0-4] value.

5-31 — Reserved

2.3.1.2.3 Hardware Implementation-Dependent Register 2 (HID2)

The processor core implements an additional hardware implementation-dependent register
as shown in Figure 2-5, not described in the MPC603e User’s Manual.

- | IWLCK l - | DWLCK | — —l
0 15 16 1819 23 24 26 27 31

Figure 2-5. Hardware Implementation-Dependent Register 2 (HID2)

Table 2-4 describes the HID?2 fields.
Table 2-4. HID2 Field Descriptions

Bits Name Function

0-15 — Reserved

16—18 | IWLCK |Instruction cache way lock—Useful for locking blocks of instructions into the instruction cache for
time-critical applications where deterministic behavior is required. Refer to Section 2.4.2.3,
“Cache Locking,” for more information.

19-23 — Reserved

24-26 | DWLCK | Data cache way lock—Useful for locking blocks of data into the data cache for time-critical
applications where deterministic behavior is required. Refer to Section 2.4.2.3, “Cache Locking,”
for more information.

27-31 — Reserved
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2.3.1.2.4 Processor Version Register (PVR)

Software can identify the MPC8240’s processor core by reading the processor version
register (PVR). The MPC8240’s processor version number is 0x0081; the processor
revision level starts at 0x0100 and is incremented for each revision of the chip. This
information is useful for data cache flushing routines for identifying the size of the cache
and identifying this processor as one that supports cache locking.

2.3.2 PowerPC Instruction Set and Addressing Modes

All PowerPC instructions are encoded as single-word (32-bit) opcodes. Instruction formats
are consistent among all instruction types, permitting efficient decoding to occur in parallel
with operand accesses. This fixed instruction length and consistent format greatly simplifies
instruction pipelining.

2.3.2.1 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 architecture supports two simple memory addressing modes:
* EA = (rAl0) + offset (including offset = 0) (register indirect with immediate index)
* EA = (rAl0) + 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 memory 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 O is ignored in 32-bit implementations.

In addition to the functionality of the MPC603e, the MPC8240 has additional hardware
support for misaligned little-endian accesses. Except for string/multiple load and store
instructions, little-endian load/store accesses not on a word boundary generate exceptions
under the same circumstances as big-endian requests.

2.3.2.2 PowerPC Instruction Set
The PowerPC instructions are divided into the following categories:
* Integer instructions — These include computational and logical instructions.

— Integer arithmetic — divide instructions execute with a shorter latency as
described in Section 2.7, “Instruction Timing.”

— Integer compare
— Integer logical
— Integer rotate and shift
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* Floating-point instructions — These include floating-point computational
instructions, as well as instructions that affect the FPSCR.

— Floating-point arithmetic

— Floating-point multiply/add

— Floating-point rounding and conversion
— Floating-point compare

— Floating-point status and control

* Load/store instructions —These include integer and floating-point load and store
instructions.

— Integer load and store

— Integer load and store with byte reverse
— Integer load and store string/multiple
— Floating-point load and store

* Flow control instructions — These include branching instructions, condition register
logical instructions, trap instructions, and other synchronizing instructions that
affect the instruction flow.

— Branch and trap

— Condition register logical

— Primitives used to construct atomic memory operations (Iwarx and stwex.)
— Synchronize

* Processor control instructions — These instructions are used for synchronizing
memory accesses and management of caches, TLBs, and the segment registers.

— Move to/from SPR
— Move to/from MSR
— Instruction synchronize

e Memory control instructions— These provide control of caches, TLBs, and segment
registers.

— Supervisor-level cache management
— User-level cache management

— Segment register manipulation

— TLB management

Note that 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. The PowerPC
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.
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Floating-point instructions operate on single-precision (one word) and double-precision
(one double word) floating-point operands. It also provides for word and double-word
operand loads and stores between memory and a set of 32 floating-point registers (FPRs).

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
separate instructions. Decoupling computational instructions from memory accesses
increases throughput by facilitating pipelining.

PowerPC 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.

2.3.2.3 MPC8240 Implementation-Specific Instruction Set
The MPC8240 processor core instruction set is defined as follows:
* The processor core provides hardware support for all 32-bit PowerPC instructions.

» The processor core provides two implementation-specific instructions used for
software table search operations following TLB misses:

— Load Data TLB Entry (tlbld)
— Load Instruction TLB Entry (tlbli)

* The processor core implements the following instructions defined as optional by the
PowerPC architecture:

— Floating Select (fsel)

— Floating Reciprocal Estimate Single-Precision (fres)
— Floating Reciprocal Square Root Estimate (frsqrte)
— Store Floating-Point as Integer Word Indexed (stfiwx)
— External Control In Word Indexed (eciwx)

— External Control Out Word Indexed (ecowx)

The MPC8240 does not provide the hardware support for misaligned eciwx and ecowx
instructions provided by the MPC603e processor. An alignment exception is taken if these
instructions are not word-aligned.

2.4 Cache Implementation

The MPC8240 processor core has separate data and instruction caches. The cache
implementation is described in the following sections.
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2.4.1 PowerPC Cache Model

The PowerPC architecture does not define hardware aspects of cache implementations. For
example, some PowerPC processors, including the MPC8240°s processor core, have
separate instruction and data caches (Harvard architecture); others, such as the PowerPC
601® microprocessor implement a unified cache.

PowerPC microprocessors control the following memory access modes on a page or block
basis:

*  Write-back/write-through mode
e (Caching-inhibited mode
* Memory coherency

The PowerPC cache management instructions provide a means by which the application
programmer can affect the cache contents.

2.4.2 MPC8240 Implementation-Specific Cache Implementation

As shown in Figure 2-1, the caches provide a 64-bit interface to the instruction fetch unit
and load/store unit. The surrounding logic selects, organizes, and forwards the requested
information to the requesting unit. Write operations to the cache can be performed on a byte
basis, and a complete read-modify-write operation to the cache can occur in each cycle.

Each cache block contains eight contiguous words from memory that are loaded from an
8-word boundary (that is, bits A27—A31 of the effective addresses are zero); thus, a cache
block never crosses a page boundary. Misaligned accesses across a page boundary can incur
a performance penalty.

The cache blocks are loaded in to the processor core in four beats of 64 bits each. The burst
load is performed as critical double word first.

To ensure coherency among caches in a multiprocessor (or multiple caching-device)
implementation, the processor core implements the MEI protocol. These three states,
modified, exclusive, and invalid, indicate the state of the cache block as follows:

* Modified—The cache block is modified with respect to system memory; that is, data
for this address is valid only in the cache and not in system memory.

e Exclusive—This cache block holds valid data that is identical to the data at this
address in system memory. No other cache has this data.

¢ Invalid—This cache block does not hold valid data.

2.4.2.1 Data Cache

As shown in Figure 2-6, the data cache is configured as 128 sets of four blocks each. Each
block consists of 32 bytes, two state bits, and an address tag. The two state bits implement
the three-state MEI (modified/exclusive/invalid) protocol. Each block contains eight 32-bit
words. Note that the PowerPC architecture defines the term ‘block’ as the cacheable unit.
For the MPC8240’s processor core, the block size is equivalent to a cache line.
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Figure 2-6. Data Cache Organization

Because the processor core data cache tags are single-ported, simultaneous load or store
and snoop accesses cause resource contention. Snoop accesses have the highest priority and
are given first access to the tags, unless the snoop access coincides with a tag write, in which
case the snoop is retried and must rearbitrate for access to the cache. Loads or stores that
are deferred due to snoop accesses are executed on the clock cycle following the snoop.

Because the caches on the processor core are write-back caches, the predominant type of
transaction to the memory subsystem for most applications is burst-read memory
operations, followed by burst-write memory operations, and single-beat (noncacheable or
write-through) memory read and write operations. When a cache block is filled with a burst
read, the critical double word is simultaneously written to the cache and forwarded to the
requesting unit, thus minimizing stalls due to load delays.

Additionally, there can be address-only operations, variants of the burst and single-beat
operations, (for example, global memory operations that are snooped and atomic memory
operations), and address retry activity (for example, when a snooped read access hits a
modified line in the cache). Note that all memory subsystem references are performed by
the processor core to the internal peripheral logic bus on the MC8240.

The address and data buses of the internal peripheral logic bus operate independently to
support pipelining and split transactions during memory accesses. The processor core
pipelines its own transactions to a depth of one level.

Typically, memory accesses are weakly ordered —sequences of operations, including load/
store string and multiple instructions, do not necessarily complete in the order they begin—
maximizing the efficiency of the internal bus without sacrificing coherency of the data. The
processor core allows pending read operations to precede previous store operations (except
when a dependency exists, or in cases where a non-cacheable access is performed), and
provides support for a write operation to proceed a previously queued read data tenure (for
example, allowing a snoop push to be enveloped by the address and data tenures of a read
operation). Because the processor can dynamically optimize run-time ordering of load/
store traffic, overall performance is improved.
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2.4.2.2 Instruction Cache

The instruction cache also consists of 128 sets of four blocks—each block consists of 32
bytes, an address tag, and a valid bit. The instruction cache may not be written to except
through a block fill operation caused by a cache miss. In the processor core, internal access
to the instruction cache is blocked only until the critical load completes.

The processor core supports instruction fetching from other instruction cache lines
following the forwarding of the critical first double word of a cache line load operation. The
processor core’s instruction cache is blocked only until the critical load completes (hits
under reloads allowed). Successive instruction fetches from the cache line being loaded are
forwarded, and accesses to other instruction cache lines can proceed during the cache line
load operation.

The instruction cache is not snooped, and cache coherency must be maintained by software.
A fast hardware invalidation capability is provided to support cache maintenance. The
organization of the instruction cache is very similar to the data cache shown in Figure 2-6.

2.4.2.3 Cache Locking

The processor core supports cache locking, which is the ability to prevent some or all of a
microprocessor’s instruction or data cache from being overwritten. Cache entries can be
locked for either an entire cache or for individual ways within the cache. Entire data cache
locking is enabled by setting HIDO[DLOCK], and entire instruction cache locking is
enabled by setting HIDO[ILOCK]. For more information, refer to Cache Locking on the G2
Core application note (order number: AN1767/D). Cache way locking is controlled by the
IWLCK and DWLCK bits of HID2.

2.4.2.3.1 Entire Cache Locking

When an entire cache is locked, hits within the cache are supplied in the same manner as
hits to an unlocked cache. Any access that misses in the cache is treated as a cache-inhibited
access. Cache entries that are invalid at the time of locking will remain invalid and
inaccessible until the cache is unlocked. Once the cache has been unlocked, all entries
(including invalid entries) are available. Entire cache locking is inefficient if the number of
instructions or the size of data to be locked is small compared to the cache size.

2.4.2.3.2 Way Locking

Locking only a portion of the cache is accomplished by locking ways within the cache.
Locking always begins with the first way (way0) and is sequential. That is, it is valid to lock
ways 0, 1, and 2 but it is not possible to lock just way0 and way2. When using way locking
at least one way must be left unlocked. The maximum number of lockable ways is three.

Unlike entire cache locking, invalid entries in a locked way are accessible and available for
data placement. As hits to the cache fill invalid entries within a locked way, the entries
become valid and locked. This behavior differs from entire cache locking where nothing is
placed in the cache, even if invalid entries exist in the cache. Unlocked ways of the cache
behave normally.
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2.4.3 Cache Coherency

The central control unit (CCU) manages the cache coherency within the MPC8240. It
responds to all accesses generated by the processor core and causes the snooping of the
addresses in the internal buffers as necessary. Also, the CCU generates snoop transactions
on the peripheral logic bus to allow the processor to snoop accesses between the PCI
interface and memory. Refer to Chapter 7, “Central Control Unit,” for more detailed
information about the internal address and data buffers in the MPC8240.

2.4.3.1 CCU Responses to Processor Transactions

The processor core generates various types of read and write accesses as well as address-
only transactions. Table 2-5 shows all the types of internal transactions performed by the
processor core and the CCU responses.

Table 2-5. CCU Responses to Processor Transactions

Processor Transaction CCU Response

Read Directs read to appropriate interface
Read-with-intent-to-modify Directs read to appropriate interface
Read atomic Directs read to appropriate interface
Read-with-intent-to-modify-atomic Directs read to appropriate interface
Write-with-flush Directs write to appropriate interface
Write-with-kill Directs write to appropriate interface
Write-with-flush-atomic Directs write to appropriate interface
sync CCU buffers are flushed.

eieio CCU buffers are flushed.

Kill block (generated by dcbz instruction CCU buffers are snooped.

when the addressed block has either the E
or M bits set)

icbi CCU buffers are snooped.
Read-with-no-intent-to-cache Directs read to appropriate interface
Clean CCU takes no further action.

Flush CCU takes no further action.

tibie CCU takes no further action.

Iwarx, reservation set CCU takes no further action.

(The MPC8240 does not support atomic
references in PCl memory space.)

stwcex., reservation set CCU takes no further action.
(The MPC8240 does not support atomic
references in PCl memory space.)

tibsync CCU takes no further action.
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Table 2-5. CCU Responses to Processor Transactions (Continued)

Processor Transaction CCU Response

Graphic write (ecowx) Processor transaction error. Machine check
signalled to processor core (if enabled)

Graphic read (eciwx) Processor transaction error. Machine check
signalled to processor core (if enabled)

2.4.3.2 Processor Responses to PCIl-to-Memory Transactions

The CCU controis the data fiow between the PCI interface and the memory interface. One
of its functions is to broadcast these transactions on the peripheral logic bus so that the
processor core can snoop the L1 cache as needed (if snooping is enabled). Table 2-5 shows
all the types of transactions reflected by the CCU to the processor core for snooping.
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Table 2-6. Transactions Reflected to the Processor for Snooping

Snooped -
Transaction Condition Detected by CCU Processor Response
Read Non-locked PCI read from memory All burst reads observed on the bus are

snooped as if they were writes, causing the

addressed cache block to be flushed. A read

marked as global causes the following

responses:

« If the addressed block in the cache is invalid,
the processor takes no action.

+ If the addressed block in the cache is in the
exclusive state, the block is invalidated.

« If the addressed block in the cache is in the
modified state, the block is flushed to
memory and the block is invalidated.

Read-with-intent- Locked PClI read from memory A RWITM operation is issued to acquire
to-modify exclusive use of a memory location for the
(RWITM)-atomic purpose of modifying it.

« If the addressed block is invalid, the
processor takes no action.

« If the addressed block in the cache is in the

exclusive state, the processor changes the

state of the cache block to invalid.

If the addressed block in the cache is in the

modified state, the block is flushed to

memory and the block is invalidated.

Write-with-flush Non-locked PCI write to memory or « If the addressed block is in the exclusive
Write-with-flush- locked PCI write to memory, state, the snoop forces the state of the
atomic respectively addressed block to invalid.

« If the addressed block is in the modified
state, the snoop causes a push of the
modified block out of the cache to memory
and changes the state of the block to invalid.

Write-with-kill Locked or non-locked PCI write with In a write-with-kill operation, the processor
invalidate to memory snoops the cache for a copy of the addressed

block. If one is found the cache block is forced
to the | state, killing modified data that may
have been in the block.

2.5 Exception Model

This section describes the PowerPC exception model and implementation-specific details
of the MPC8240 core.

2.5.1 PowerPC Exception Model

The PowerPC exception mechanism allows the processor to change to supervisor state as a
result of external signals, errors, or unusual conditions arising 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.
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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 DSISR identifies instructions that cause a DSI exception.
Additionally, some exception conditions can be explicitly enabled or disabled by software.

The PowerPC architecture requires that exceptions be handled in program order; therefore,
although a particular implementation may recognize exception conditions out of order,
exceptions are taken in strict order. 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 stage, are required to complete before the exception is
taken. Any exceptions caused by those instructions are handled first. Likewise, exceptions
that are asynchronous and precise are recognized when they occur, but are not handled until
the instruction currently in the completion stage successfully completes execution or
generates an exception, and the completed store queue is emptied.

Unless a catastrophic condition causes a system reset or machine check exception, only one
exception is handled at a time. If, for example, a single instruction encounters multiple
exception conditions, those conditions are handled sequentially. After the exception handler
handles an exception, the instruction execution continues until the next exception condition
is encountered. However, in many cases there is no attempt to re-execute the instruction.
This method of recognizing and handling exception conditions sequentially guarantees that
exceptions are recoverable.

Exception handlers should save the information stored in SRRO and SRR1 early to prevent
the program state from being lost due to a system reset or machine check exception or to
an instruction-caused exception in the exception handler. SRRO and SRR1 should also be
saved before enabling external interrupts.

The PowerPC architecture supports four types of exceptions:

* Synchronous, precise—These are caused by instructions. All instruction-caused
exceptions are handled precisely; that is, the machine state at the time the exception
occurs is known and can be completely restored. This means that (excluding the trap
and system call exceptions) the address of the faulting instruction is provided to the
exception handler and neither the faulting instruction nor subsequent instructions in
the code stream will complete execution before the exception is taken. Once the
exception is processed, execution resumes at the address of the faulting instruction
(or at an alternate address provided by the exception handler). When an exception is
taken due to a trap or system call instruction, execution resumes at an address
provided by the handler.

* Synchronous, imprecise— The PowerPC architecture defines two imprecise
floating-point exception modes, recoverable and nonrecoverable. These are not
implemented on the MPC8240.

* Asynchronous, maskable—The external, system management interrupt (SMI), and
decrementer interrupts are maskable asynchronous exceptions. When these
exceptions occur, their handling is postponed until the next instruction and any
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exceptions associated with that instruction complete execution. If no instructions are
in the execution units, the exception is taken immediately upon determination of the
correct restart address (for loading SRRO).

* Asynchronous, nonmaskable— There are two nonmaskable asynchronous
exceptions— system reset and the machine check exception. These exceptions may
not be recoverable, or may provide a limited degree of recoverability. All exceptions
report recoverability through MSR[RI].

2.5.2 MPC8240 Implementation-Specific Exception Model

As specified by the PowerPC architecture, all processor core exceptions can be described
as either precise or imprecise and either synchronous or asynchronous. Asynchronous
exceptions (some of which are maskable) are caused by events external to the processor’s
execution. Synchronous exceptions, which are all handled precisely by the processor core,
are caused by instructions. The processor core exception classes are shown in Table 2-7.

Table 2-7. Exception Classifications for the Processor Core

Synchronous/Asynchronous Precise/Imprecise Exception Type

Asynchronous, nonmaskable Imprecise Machine check
System reset

Asynchronous, maskable Precise External interrupt
Decrementer
System management interrupt

Synchronous Precise Instruction-caused exceptions

Although exceptions have other characteristics as well, such as whether they are maskable
or nonmaskable, the distinctions shown in Table 2-7 define categories of exceptions that the
processor core handles uniquely. Note that Table 2-7 includes no synchronous imprecise
instructions.

The processor core’s exceptions, and conditions that cause them, are listed in Table 2-8.

Table 2-8. Exceptions and Conditions

Exception Vector Offset Causing Conditions

Type (hex)
Reserved 00000 —
System reset | 00100 A system reset is caused by the assertion of HRST_CPU, SRESET or sreset
(asserted by the EPIC unit)
Machine check | 00200 A machine check exception is caused by the assertion of the NMI input signal or the

occurrence of internal errors as described in Chapter 13, “Error Handling and
Exceptions.” This exception occurs when a machine check condition is detected, the
error is enabled, HIDO[EMCP] is set, PICR1[MCP_EN] is set, and MSR[ME] is set.
When one of these errors occurs, the MPC8240 takes the exception and asserts the
MCP output signal.
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Table 2-8. Exceptions and Conditions (Continued)

Exception
Type

Vector Offset
(hex)

Causing Conditions

DSI

00300

The cause of a DSI exception can be determined by the bit settings in the DSISR,

listed as follows:

1 Setif the translation of an attempted access is not found in the primary hash
table entry group (HTEG), in the rehashed secondary HTEG, or in the range of a
DBAT register; otherwise cleared.

4 Setif a memory access is not permitted by the page or DBAT protection
mechanism; otherwise cleared.

5 Set by an eciwx or ecowx instruction if the access is to an address that is
marked as write-through or execution of a load/store instruction that accesses a
direct-store segment.

6 Set for a store operation and cleared for a load operation.

11 Set if eciwx or ecowx is used and EARIE] is cleared.

ISI

00400

An IS exception is caused when an instruction fetch cannot be performed for any of

the following reasons:

+ The effective (logical) address cannot be translated. That is, there is a page fauit
for this portion of the translation, so an 1S| exception must be taken to load the
PTE (and possibly the page) into memory.

+ The fetch access is to a direct-store segment (indicated by SRR1[3] set).

« The fetch access violates memory protection (indicated by SRR1[4] set). If the
key bits (Ks and Kp) in the segment register and the PP bits in the PTE are set to
prohibit read access, instructions cannot be fetched from this location.

External
interrupt

00500

An external interrupt is caused when MSR[EE] = 1 and the internal int signal is
asserted by the EPIC interrupt module to the processor core.

Alignment

00600

An alignment exception is caused when the processor core cannot perform a

memory access for any of the reasons described below:

» The operand of a floating-point load or store is to a direct-store segment.

« The operand of a floating-point load or store is not word-aligned.

+ The operand of a Imw, stmw, lwarx, or stwex. is not word-aligned.

+ The operand of an elementary, multiple or string load or store crosses a segment
boundary with a change to the direct store T bit.

+ The operand of dcbz instruction is in memory that is write-through required
or caching inhibited, or dcbz is executed in an implementation that has either no
data cache or a write-through data cache.

+ A misaligned eciwx or ecowx instruction

- A multiple or string access with MSRILE] set

The processor core differs from MPC603e User’s Manual in that it initiates an

alignment exception when it detects a misaligned eciwx or ecowx instruction and

does not initiate an alignment exception when a little-endian access is misaligned.
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Table 2-8. Exceptions and Conditions (Continued)

Exception Vector Offset . -
Type (hex) Causing Conditions
Program 00700 A program exception is caused by one of the following exception conditions, which
correspond to bit settings in SRR1 and arise during execution of an instruction:

+ lllegal instruction—An illegal instruction program exception is generated when
execution of an instruction is attempted with an illegal opcode or illegal
combination of opcode and extended opcode fields (including PowerPC
instructions not implemented in the processor core), or when execution of an
optional instruction not provided in the processor core is attempted (these do not
include those optional instructions that are treated as no-ops).

» Privileged instruction—A privileged instruction type program exception is
generated when the execution of a privileged instruction is attempted and the
MSR register user privilege bit, MSR[PR], is set. In the processor core, this
exception is generated for mtspr or mfspr with an invalid SPR field if SPR[0] = 1
and MSRI[PR] = 1. This may not be true for all PowerPC processors.

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

Floating-point {00800 A floating-point unavailable exception is caused by an attempt to execute a floating-
unavailable point instruction (including floating-point load, store, and move instructions) when

the floating-point available bit is cleared (MSR[FP] = 0).

Decrementer | 00900 The decrementer exception occurs when the most significant bit of the decrementer

(DEC) register transitions from 0 to 1. Must also be enabled with the MSRIEE] bit.

Reserved 00AO00-00BFF | —
System call 00C00 A system call exception occurs when a System Call (sc) instruction is executed.
Trace 00D00 A trace exception is taken when MSR[SE] = 1 or when the currently completing

instruction is a branch and MSR[BE] = 1.

Floating-point | 00EOQ The MPC8420 does not generate an exception to this vector. Other PowerPC
assist processors may use this vector for floating-point assist exceptions.

Reserved 00E10-00FFF | —

Instruction 01000 An instruction translation miss exception is caused when the effective address for
translation an instruction fetch cannot be translated by the ITLB.

miss

Data load 01100 A data load translation miss exception is caused when the effective address for a
translation data load operation cannot be translated by the DTLB.

miss

Data store 01200 A data store translation miss exception is caused when the effective address for a
translation data store operation cannot be translated by the DTLB, or when a DTLB hit occurs,
miss and the changed bit in the PTE must be set due to a data store operation.
Instruction 01300 An instruction address breakpoint exception occurs when the address (bits 0—-29) in
address the IABR matches the next instruction to complete in the completion unit, and the
breakpoint IABR enable bit (bit 30) is set.
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Table 2-8. Exceptions and Conditions (Continued)

Exception Vector Offset Causing Conditions
Type (hex)
System 01400 A system management interrupt is caused when MSR[EE] = 1 and the SMI input
management signal is asserted.
interrupt
Reserved 01500-02FFF | —

2.5.3 Exception Priorities
The exception priorities for the processor core are unchanged from those described in the
MPC603e User’s Manual except for the alignment exception, whose causes are prioritized
as follows:

1. Floating-point operand not word-aligned

2. Imw, stmw, lwarx, or stwcx operand not word-aligned

3. eciwx or ecowx operand misaligned

4. A multiple or string access is attempted with MSR[LE] set.
Also, there is a priority mechanism for all the conditions specific to the MPC8240 that can

cause a machine check exception. These are described in Chapter 13, “Error Handling and
Exceptions.”

2.6 Memory Management

The following subsections describe the memory management features of the PowerPC
architecture and the MPC8240 implementation.

2.6.1 PowerPC MMU Model
The primary functions of the MMU are:

¢ to translate logical (effective) addresses to physical addresses for memory accesses
* to provide access protection on blocks and pages of memory

There are two types of accesses generated by the processor core that require address
translation —instruction accesses and data accesses to memory generated by load and store
instructions.

The PowerPC MMU and exception models support demand-paged virtual memory. Virtual
memory management permits execution of programs larger than the size of physical
memory; demand-paged implies that individual pages are loaded into physical memory
from system memory only when they are first accessed by an executing program.
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The PowerPC architecture supports the following three translation methods:

* Address translations disabled. Translation is enabled by setting bits in the MSR —
MSR[IR] enables instruction address translations and MSR[DR] enables data
address translations. Clearing these bits disables translation and the effective address
is used as the physical address.

* Block address translation. The PowerPC architecture defines independent four-entry
BAT arrays for instructions and data that maintain address translations for blocks of
memory. Block sizes range from 128 Kbyte to 256 Mbyte and are software
selectable. The BAT arrays are maintained by system software. The BAT registers,
defined by the PowerPC architecture for block address translations, are shown in
Figure 2-2.

¢ Demand page mode. The page table contains a number of page table entry groups
(PTEGs). A PTEG contains eight page table entries (PTEs) of eight bytes each;
therefore, each PTEG is 64 bytes long. PTEG addresses are entry points for table
search operations.

The hashed page table is a variable-sized data structure that defines the mapping
between virtual page numbers and physical page numbers. The page table size is a
power of 2; its starting address is a multiple of its size.

On-chip instruction and data TLBs provide address translation in parallel with the
on-chip cache access, incurring no additional time penalty in the event of a TLB hit.
A TLB is a cache of the most recently used page table entries. Software is
responsible for maintaining the consistency of the TLB with memory. In the
MPC8240, the processor core’s TLBs are 64-entry, two-way set-associative caches
that contain instruction and data address translations. The MPC8240’s core provides
hardware assist for software table search operations through the hashed page table
on TLB misses. Supervisor software can invalidate TLB entries selectively.

The MMU also directs the address translation and enforces the protection hierarchy
programmed by the operating system in relation to the supervisor/user privilege level of the
access and in relation to whether the access is a load or store.

2.6.2 MPC8240 Implementation-Specific MMU Features

The instruction and data MMU s in the processor core provide 4 Gbytes of logical address
space accessible to supervisor and user programs with a 4-Kbyte page size and 256-Mbyte
segment size.

The MPC8240 MMUs support up to 4 Petabytes (252) of virtual memory and 4 Gbytes (232)
of physical memory (referred to as real memory in the PowerPC architecture specification)
for instructions and data. Referenced and changed status is maintained by the processor for
each page to assist implementation of a demand-paged virtual memory system.

The MPC8240 TLBs are 64-entry, two-way set-associative caches that contain instruction
and data address translations. The processor core provides hardware assist for software
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table search operations through the hashed page table on TLB misses. Supervisor software
can invalidate TLB entries selectively.

After an effective address is generated, the higher-order bits of the effective address are
translated by the appropriate MMU into physical address bits. Simultaneously, the lower-
order address bits (that are untranslated; therefore, considered both logical and physical),
are directed to the on-chip caches where they form the index into the four-way set-
associative tag array. After translating the address, the MMU passes the higher-order bits
of the physical address to the cache, and the cache lookup completes. For caching-inhibited
accesses or accesses that miss in the cache, the untransiated iower-order address bits are
concatenated with the translated higher-order address bits; the resulting 32-bit physical
address is then used by the system interface, which accesses external memory.

For instruction accesses, the MMU performs an address lookup in both the 64 entries of the
ITLB, and in the IBAT array. If an effective address hits in both the ITLB and the IBAT
array, the IBAT array translation takes priority. Data accesses cause a lookup in the DTLB
and DBAT array for the physical address translation. In most cases, the physical address
translation resides in one of the TLBs and the physical address bits are readily available to
the on-chip cache.

When the physical address translation misses in the TLBs, the processor core provides
hardware assistance for software to search the translation tables in memory. When a
required TLB entry is not found in the appropriate TLB, the processor vectors to one of the
three TLB miss exception handlers so that the software can perform a table search operation
and load the TLB. When this occurs, the processor automatically saves information about
the access and the executing context. Refer to the MPC603e User’s Manual for more
detailed information about these features and the suggested software routines for searching
the page tables.

2.7 Instruction Timing

The processor core is a pipelined superscalar processor. A pipelined processor is one in
which the processing of an instruction is broken into discrete stages. Because the
processing of an instruction is broken into a series of stages, an instruction does not require
the entire resources of an execution unit at one time. For example, after an instruction
completes the decode stage, it can pass on to the next stage, while the subsequent
instruction can advance into the decode stage. This improves the throughput of the
instruction flow. The instruction pipeline in the processor core has four major stages,
described as follows:

* The fetch pipeline stage primarily involves retrieving instructions from the memory
system and determining the location of the next instruction fetch. Additionally, the
BPU decodes branches during the fetch stage and folds out branch instructions
before the dispatch stage if possible.
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* The dispatch pipeline stage is responsible for decoding the instructions supplied by
the instruction fetch stage, and determining which of the instructions are eligible to
be dispatched in the current cycle. In addition, the source operands of the
instructions are read from the appropriate register file and dispatched with the
instruction to the execute pipeline stage. At the end of the dispatch pipeline stage,
the dispatched instructions and their operands are latched by the appropriate
execution unit.

* During the execute pipeline stage, each execution unit that has an executable
instruction executes the selected instruction (perhaps over multiple cycles), writes
the instruction's result into the appropriate rename register, and notifies the
completion stage that the instruction has finished execution. In the case of an internal
exception, the execution unit reports the exception to the completion/writeback
pipeline stage and discontinues instruction execution until the exception is handled.
The exception is not signaled until that instruction is the next to be completed.
Execution of most load/store instructions is also pipelined. The load/store unit has
two pipeline stages. The first stage is for effective address calculation and MMU
translation, and the second stage is for accessing the data in the cache.

* The complete/writeback pipeline stage maintains the correct architectural machine
state and transfers the contents of the rename registers to the GPRs and FPRs as
instructions are retired. If the completion logic detects an instruction causing an
exception, all following instructions are cancelled, their execution results in rename
registers are discarded, and instructions are fetched from the correct instruction
stream.

The processor core provides support for single-cycle store operations and provides an
adder/comparator in the SRU that allows the dispatch and execution of multiple integer add
and compare instructions on each cycle.

Performance of integer divide operations has been improved in the processor core.
Execution of a divide instruction takes half the cycles to execute than that described in the
MPC603e User’s Manual. The new latency is reflected in Table 2-9.

Table 2-9. Integer Divide Latency

Primary Opcode | Extended Opcode | Mnemonic Form Unit Cycles
31 459 divwul[o][.] X0 U 20
31 491 divw[o][.] X0 18] 20

2.8 Differences between the MPC8240 Core and the
PowerPC 603e Microprocessor

The MPC8240 processor core is a derivative of the MPC603e microprocessor design. Some
changes have been made and are visible either to a programmer or a system designer. Any
software designed around an MPC603e is functional when replaced with the MPC8240
except for the specific customer-visible changes listed in Table 2-10.
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Software can distinguish between the MPC603e and the MPC8240 by reading the
processor version register (PVR). The MPC8240’s processor version number is 0x0081; the
processor revision level starts at 0x0100 and is incremented for each revision of the chip. It
is expected that this information is most useful for programmers writing data cache flush
routines.

Table 2-10. Major Differences between MPC8240’s Core and the MPC603e User’s
Manual

Description Impact

Changed HID1 to add bus frequency | On extra bit is provided for PLL configuration, and some other unused
multipliers as described in the encodings of the PLL_CFG[0-4] are now defined.
MPC8240 Hardware Specification

Added hardware support for Except for strings/multiples, little-endian load/store accesses not on a word
misaligned little endian accesses boundary generate exceptions under the same circumstances as big-
endian accesses.

Removed misalignment support for These instructions cause an alignment exception if the operands are not on

eciwx and ecowx instructions. a word boundary.

Removed HIDO[5]; now reserved There is no support for ICE pipeline tracking.

Removed HIDO[7]; now reserved No impact, as the MPC8240 has no ARTRY signal.

Added instruction and data cache Implements a cache way locking mechanism for both the instruction and
locking mechanism data caches. One to three of the four ways in the cache can be locked with

control bits in the HID2 register. See Section 2.3.1.2.3, “Hardware
Implementation-Dependent Register 2 (HID2).”

Improved access to cache during block | The MPC8240 provides quicker access to incoming data and instruction on
fills a cache block fill. See Section 2.4.2, “MPC8240 Implementation-Specific
Cache Implementation.”

Improved integer divide latency Performance of integer divide operations has been improved in the
processor core. A divide takes half the cycles to execute as described in
MPC603e User’'s Manual. The new latency is reflected in Table 2-9.

No support for debz instruction in This was previously documented as an anomaly in the MPC603e. Stores of
areas of memory that are write- zeros must be used instead of the dcbz instruction when the memory area
through and can be accessed by is designated as write-through, coherency required.

multiple logical addresses

Areas of memory accessed by dcbz | This was previously documented as an anomaly in the MPC603e. Areas of
instruction should not be marked as memory accessed by a decbz instruction must be marked as not global in
global the BAT or PTE.
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Chapter 3
Signal Descriptions and Clocking

This chapter provides descriptions of the MPC8240°s external signals. It describes each
signal’s behavior when the signal is asserted and negated and when the signal is an input or
an output.

NOTE

A bar over a signal name indicates that the signal is active
low — for example, AS (address strobe). 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
NMI (nonmaskable interrupt), are referred to as asserted when
they are high and negated when they are low.

Internal signals are depicted as lower case and in italics. For
example, sys_logic_clk is an internal signal. These are
referenced only as necessary for understanding of the external
functionality of the device.

The chapter is organized into the following sections:
* Overview of signals and complete cross-reference for signals that serve multiple
functions. Includes listing of output signal states at reset.

* Signal description section that provides a detailed description of each signal, listed
by functional block.

e A complete section on the operation of the many input and output clock signals on
the MPC8240, and the interactions between these signals.

* A listing of the reset configuration signals and the modes they define.

3.1 Signal Overview

The MPC8240’s signals are grouped as follows:
e PCI interface signals
* Memory interface signals

¢ EPIC control signals
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I2C interface signals

System control, power management, and debug signals

Test/configuration signals

Clock signals

Figure 3-1 illustrates the external signals of the MPC8240, showing how the signals are
grouped. Refer to the MPC8240 Hardware Specification for a pinout diagram showing
actual pin numbers and including all of the electrical and mechanical specifications.
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Figure 3-1. MPC8240 Signal Groupings
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3.1.1 Signal Cross Reference

The following sections are intended to provide a quick summary of signal functions. Table
3-1 provides an alphabetical cross-reference to the signals of the MPC8240. It details the
signal name, interface, alternate functions, number of signals, whether the signal is an
input, output, or bidirectional, and finally a pointer to the section in this chapter where the

signal is described.
Table 3-1. MPC8240 Signal Cross Reference
Signal Signal Name Interface Alternate Pins | /O | Section #
9 9 Function(s)
AD[31-0] Address/data PCI - 32 110 3.2.1.1
AR[19-12] ROM address 19-12 Memory PAR[0-7] 8 o 3.2.2.12
AS! Address strobe Memory — 1 0 3.2.2.19
AS[0-7] Column address strobe Memory DQMI[0-7] 8 3.2.2.2
0-7
C/BE[3-0] Command/byte enable PCI — 4 /10 3.21.2
CHKSTOP_IN Checkstop in System Control — 1 | 3.25.6
CKE! SDRAM clock enable Memory — 1 o] 32213
CKO Debug clock Clock DA14 1 o} 3.2.7.8
CS[0-7] SDRAM chip select Memory RAS[0-7] 8 0 3.2.2.3
DA[15-11], DA2 Debug addr [15-11, 2] Debug _ 6 (0] 3.25.93
DA[10-6] Debug addr [10-6] Debug PLL_CFG[0-4] 5 O | 32593
DA5 Debug addr 5 Debug GNT4 5 o} 3.259.3
DA4 Debug addr 4 REQ4
DA3 Debug addr 3 PCI_CLK4
DA1 Debug addr 1 CKO
DAO Debug addr 0 QACK
DEVSEL Device select PCI - 1 110 3213
DH[0-31] Data bus high Memory — 32 110 3.2.2.10
DL[0-31] Data bus low Memory - 32 110 3.2.2.10
pL[o]'
DQM[0-7] SDRAM data qualifier Memory CAS[0-7] 8 o} 3224
FOE!' Flash output enable Memory — 1 o} 3.2.2.18
FRAME Frame PCI — 1 1/10 3.21.4
GNT[4-0] PCI bus grant PCI GNTO:PCI bus 5 (0] 3.215
GNT4/DA5’ request
GNT4: DA5
HRST_CPU Hard reset (processor) System Control — 1 | 3.25.1.1
HRST_CTRL Hard reset (peripheral System Control — 1 | 3.25.1.2
logic)
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Table 3-1. MPC8240 Signal Cross Reference (Continued)

Alternate

Signal Signal Name Interface Function(s) Pins | /O | Section #
IDSEL ID select PCI - 1 | 3.2.1.15
INTA Interrupt request PCI - 1 e} 3.2.1.14
IRDY Initiator ready PCI — 1 1/10 3.2.1.7
IRQO Interrupt O EPIC Control S_INT 1 I 3.2.3.1
iRQ1 fiterrupt 1 EPIC Control S CLK 1 /10 3231
IRQ2 Interrupt 2 EPIC Control S_RST 1 110 3.2.3.1
IRQ3 Interrupt 3 EPIC Control S_FRAME 1 110 3.2.3.1
IRQ4 Interrupt 4 EPIC Control L_INT 1 110 3.2.3.1
L_INT Local interrupt EPIC Control IRQ4 1 /10 3.2.33
LOCK Lock PCI — 1 | 3.2.1.8
MAA[0-2]' Memory addr attributes Debug — 3 (0] 3.25.9.1
mcCP! Machine check System Control — 1 o 3.25.3
MIV Memory interface valid Debug — 1 | 3.259.4
NMI Nonmaskable interrupt System Control — 1 | 3.254
OSC_IN System clock input Clock — 1 | 3.2.71
PAR Parity PCI - 1 110 3.2.1.9
PAR[0-7] Data parity 07 Memory AR[19-12] 8 le] 3.2.2.11
PCI_CLK[0-4] PCI clock outputs Clock PCI_CLK4: 5 (0] 3.27.2
PCI_CLK4/DA12 DA12
PCI_SYNC_OUT PCI clock output Clock — 1 O 3.2.7.3
PCI_SYNC_IN PCI clock input Clock — 1 I 3274
PERR Parity error PCI — 1 /0 | 3.2.1.10
PLL_CFG[0-4]' PLL configuration Test/ DA[5-9] 5 | 3.2.6.1

Configuration
PMAA[0-2]' PCI addr. attributes Debug — 3 o} 3.259.2
QACK! Quiesce acknowledge Power DA15 1 o] 3.25.8
Management
RAS[0-7] Row address strobe 0-7 | Memory CS[0-7] 8 (e} 3.2.2.1
RCS0" ROM/bank 0 select Memory — 1 0 3.2.2.16
RCST ROM/bank 1 select Memory — 1 o] 3.2.2.17
REQ[4-0] PCI bus request PCI REQO:PCI bus 5 I 3.21.6
REQ4/DA11 _ grant
REQ4: DA11 (6]

S_CLK Serial interrupt clock EPIC Control IRQ1 1 le} 3.2.3.2.2
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Table 3-1. MPC8240 Signal Cross Reference (Continued)

Signal Signal Name Interface Fﬁ:ﬁ:igit;) Pins | /O | Section #
SCL Serial clock [2C Control - 1 o | 3242
SDA Serial data 12C Control - 1 1o | 3.24.1
SDBAO SDRAM bank select 0 Memory 1 O 3.2.2.9
SDBA1 SDRAM bank select 1 Memory See Table 6-2 1 (0] 3.2.2.8
SDCAS SDRAM column access | Memory — 1 (0] 3.2.2.15
strobe
SDMA12 SDRAM address 12 Memory 1 (0] 3.22.7
SDMA[11-0] SDRAM address 11-0 | Memory SeeTable62 0T 0 | s226
SDRAM_CLK[0-3] SDRAM clock outputs Clock - 4 (0} 3.27.5
SDRAM_