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About This Book

Thisreference manual defines the functionality of the MPC8544E. This device integrates an e500v2 core,
built on Power Architecture™ technology, with system logic required for networking,
telecommunications, and wireless infrastructure applications. The coreis alow-power implementation of
resources defined by the Power ISA (instruction set architecture) for embedded processors. This book is
intended as a companion to the €500 core family reference manual.

Audience

It is assumed that the reader understands operating systems, microprocessor system design, and the basic
principles of RISC processing.

Organizations

Following is asummary and a brief description of the major parts of this reference manual:

Part 1, “Overview,” describesthe many features of the M PC8544E integrated host processor at an overview
level. The following chapters are included:

Chapter 1, “Overview,” provides a high-level description of features and functionality of the
device, including its interfaces, and its programming model. The functional operation of the
device, with emphasis on peripheral functionsis also described.

Chapter 2, “Memory Map,” describes the device memory map. An overview of the local address
map is followed by adescription of how local access windows are used to define the local address
map. The inbound and outbound address trandl ation mechanisms used to map to and from external
memory spaces are described next. Finally, the configuration, control, and status registers are
described, including acompletelisting of all memory-mapped registerswith crossreferencesto the
sections detailing descriptions of each.

Chapter 3, “Signal Descriptions,” lists all the external signals, cross-references for signals that
serve multiple functions, output signal states at reset, and reset configuration signals (and the
modes they define).

Chapter 4, “Reset, Clocking, and Initialization,” describes the hard and soft resets, the power-on

reset (POR) sequence, power-on reset configuration, clocking, and initialization of the
MPCB8544E.

Part 11, “e500 Core Complex and L2 Cache,” describesthe many features of the device core at an overview
level and the interaction between the core complex and the L2 cache. The following chapters are included:

Chapter 5, “ Core Complex Overview,” provides an overview of the e500v2 core processor and the
L1 cachesand MMU that, together with the core, comprise the core complex.

Chapter 6, “ Core Register Summary,” lists the e500v2 registers in reference form.
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Chapter 7, “L2 Look-Aside Cache/SRAM,” describes the L2 cache. Note that the L2 cache can
also be addressed directly as memory-mapped SRAM.

Part 111, “Memory, Security, and I/O Interfaces,” defines the device's memory, security, and 1/O interfaces
and how these blocksinteract with one another and with other blocks on the device. Thefollowing chapters
areincluded:

Chapter 8, “e500 Coherency Module,” definesthe e500v2 coherency module and how it facilitates
communication between the €500v2 core complex, the L2 cache, and the other blocks that
comprise the coherent memory domain of the MPC8544E.

The ECM provides a mechanism for 1/O-initiated transactions to snoop the core complex bus
(CCB) of the e500v2 core to maintain coherency across cacheable local memory. It also provides
aflexible, easily expandable switch-type structure for e500v2- and 1/O-initiated transactionsto be
routed (dispatched) to target modules on the M PC8544E.

Chapter 9, “DDR Memory Controller,” describes the DDR/DDR2 SDRAM memory controller of
the MPC8544E. This fully programmable controller supports most DDR memories available
today, including both buffered and unbuffered devices. The built-in error checking and correction
(ECC) ensures very low bit-error rates for reliable high-frequency operation. Dynamic power
management and auto-precharge modes simplify memory system design. Special featureslike
ECC error injection support rapid system debug.

Chapter 10, “Programmable Interrupt Controller,” describes the embedded programmable
interrupt controller (PIC) of the MPC8544E. The PIC is OpenPl C-compliant, provides interrupt
management, and receives hardware-generated interrupts from different sources (both internal and
externa), prioritizing them and delivering them to the CPU for servicing.

Chapter 11, “12C Interfaces,” describestheinter-IC (lCorl 2C) bus controllers of the MPC8544E.
This synchronous, seria, bidirectional, multi-master bus allows two-wire connection of devices,
such as microcontrollers, EEPROMS, real-time clock devices, A/D converters and LCDs. The
MPC8544E powers up in boot sequencer mode, which allows the 12C1 controller to initialize
configuration registers.

Chapter 12, “ Security Engine (SEC) 2.1,” describes the security controller of the MPC8544E.

Chapter 13, “DUART,” describes the (dual) universal asynchronous receiver/transmitters
(UARTS) which feature a PC16552D-compatible programming model. These independent UARTS
are provided specifically to support system debugging.

Chapter 14, “Local BusController,” describesthelocal bus controller of the MPC8544E. Themain
component of the local bus controller (LBC) isits memory controller which provides a seamless
interface to many types of memory devices and peripheras. The memory controller controls eight
memory banks shared by a high-performance SDRAM machine, a general-purpose chip-select
machine (GPCM), and up to three user-programmable machines (UPMs). As such, it supports a
minimal gluelogic interface to synchronous DRAM (SDRAM), SRAM, EPROM, Flash EPROM,
burstable RAM, regular DRAM devices, extended data output DRAM devices, and other
peripherals.

Chapter 15, “Enhanced Three-Speed Ethernet Controllers,” describes the two enhanced
three-speed Ethernet controllers on the MPC8544E. These controllers provide 10/100/1GByte
Ethernet support with a compl ete set of media-independent interface optionsincluding MI1, RMII,
GMII, RGMII, SGMII, TBI, and RTBI. Each controller provides very high throughput using a
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captive DMA channel and direct connection to the MPC8544E memory coherency module. The
controllers provide two full-duplex FIFO interface modes and quality of service support. They are
backward compatible with PowerQUICC™ |11 TSEC controllers.

» Chapter 16, “DMA Controller,” describesthe four-channel general-purpose DMA controller of the
MPC8544E. The DMA controller transfers blocks of dataindependent of the e€500v2 core or
external hosts. Datamovement occursamong thelocal address space. The DMA controller hasfour
high-speed channels. Both the €500 core and external masters can initiate a DMA transfer. All
channels are capable of complex data movement and advanced transaction chaining.

e Chapter 17, “PCI Bus Interface,” describes the PCI controller of the MPC8544E.
» Chapter 18, “PCI Express Interface Controller,” describes the PCI-Expressimplementation of the
MPC8544E.
Part 1V, “Global Functions and Debug,” defines other global blocks of the MPC8544E. The following
chapters are included:

» Chapter 19, “Global Utilities,” definesthe global utilities of the MPC8544E. These include power
management, 1/0O device enabling, power-on-reset (POR) configuration monitoring,
genera-purpose I/0 signal use, and multiplexing for the interrupt and local bus chip select signals.

» Chapter 20, “Device Performance Monitor,” describes the performance monitor of the
MPC8544E. Note that the device performance monitor is similar to but separate from the
performance monitor on the e500v2 core.

» Chapter 21, “Debug Features and Watchpoint Facility,” describes the debug features and
watchpoint monitor of the MPC8544E.

This manual contains the following appendixes:

* Appendix A, “Revision History,” liststhe mgjor differences between revisions of the MPC8544E
Power QUICC |11 Integrated Host Processor Family Reference Manual.

* Appendix B, “Complete List of Configuration, Control, and Status Registers,” containsacomplete
listing of the memory-mapped registers of the MPC8544E.

This reference manual contains a glossary and ageneral index.

Suggested Reading

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

General Information

The following documentation, published by Morgan-Kaufmann Publishers, 340 Pine Street, Sixth Floor,
San Francisco, CA, provides useful information about the PowerPC™ architecture and computer
architecture in general:

» ThePowerPC Architecture: A Specification for a New Family of RISC Processor s, Second Edition,
by International Business Machines, Inc.
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Computer Architecture: A Quantitative Approach, Third Edition, by John L. Hennessy and David
A. Patterson

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

Related Documentation

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

The €500 core family reference manual—This book describes the functionality of the 500
embedded microprocessor core for software and hardware devel opers.

EREF: A Programmer's Reference Manual for Freescale Book E Processors—Thisbook describes
the programming model for embedded processors as it is defined by the Power |SA and the
Freescale Embedded | mplementation Standards (this book will be replaced by EREF: A
Programmer’s Reference Manual for Freescale Embedded Processors (Including the €200, €500,
and €700 Families).

Reference manuals (formerly called user’s manuals)—These books provide details about
individual implementations.

Addenda/erratato reference or user’ s manual s—Because some processors have follow-on parts, an
addendum describesthe additional features and functionality changes. These addenda are intended
for use with the corresponding reference or 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.

Product Briefs—Each device has a technical summary that provides an overview of its features.

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

Additional literatureis published as new processors become available. For acurrent list of documentation,
refer to http://www.freescale.com.

MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1

Xcii

Freescale Semiconductor



Conventions

This document uses the following notational conventions:

cleared/set

mnemonics
italics

0x0

Ob0

rA,rB

rbD
REG[FIELD]

l -5 X

Ro

R|FIELDNAME

W|FIELDNAME

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

Instruction mnemonics are shown in lowercase bold.

Italics indicate variable command parameters, for example, bectrx.
Book titlesin text are set initalics

Internal signals are set in lowercaseitalics, for example, core_int
Prefix to denote hexadecimal number

Prefix to denote binary number

Instruction syntax used to identify a source GPR

Instruction syntax used to identify a destination GPR

Abbreviations for registers are shown in uppercase text. Specific bits, fields, or
ranges appear in brackets. For example, MSR[LE] refersto thelittle-endian mode
enable bit in the machine state register.

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

Anitalicized x indicates an al phanumeric variable.
Anitalicized n indicates a numeric variable.

NOT logical operator

AND logical operator

OR logical operator

Concatenation, for example TCR[WP]||TCR[WPEXT]

Indicates areserved bit field in a memory-mapped or an €500 register.

Indicates aread-only bit field in a memory-mapped register.

Indicates awrite-only bit field in a memory-mapped register. Although these bits
can be written to as ones or zeros, they are aways read as zeros.
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Signal Conventions

OVERBAR An overbar indicates that a signal is active-low.
lowercase_italics Lowercaseitalicsis used to indicate internal signals.

lowercase plaintext  Lowercaseplaintextisused toindicate signalsthat are used for configuration. For
more information, see Section 3.2, “ Configuration Signals Sampled at Reset.”

Acronyms and Abbreviations

Tablei contains acronyms and abbreviations used in this document.

Table i. Acronyms and Abbreviated Terms

Term Meaning

ADB Allowable disconnect boundary

ATMU Address translation and mapping unit

BD Buffer descriptor

BIST Built-in self test

BTB Branch target buffer

BUID Bus unit ID

CAM Content-addressable memory

CCB Core complex bus

CCSR Configuration control and status register

Conference of Postal and Telecommunications Administrations)

CEPT Conférence des administrations européennes des postes et télécommunications (European

COL Collision

CRC Cyclic redundancy check

CRS Carrier sense

DDR Double data rate

DMA Direct memory access

DPLL Digital phase-locked loop

DRAM Dynamic random access memory

DUART Dual universal asynchronous receiver/transmitter

EA Effective address

ECC Error checking and correction

ECM €500 coherency module

EHPI Enhanced host port interface

EPROM Erasable programmable read-only memory

FCS Frame-check sequence

GCI General circuit interface
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
GMIl Gigabit media independent interface
GPCM General-purpose chip-select machine
GPIO General-purpose I/0
GPR General-purpose register
GUI Graphical user interface
1°c Inter-integrated circuit
IDL Inter-chip digital link
IEEE Institute of Electrical and Electronics Engineers
IPG Interpacket gap
IrDA Infrared Data Association
ITLB Instruction translation lookaside buffer
U Integer unit
JTAG Joint Test Action Group
LAE Local access error
LAW Local access window
LBC Local bus controller
LIFO Last-in-first-out
LRU Least recently used
LSB Least significant byte
Isb Least significant bit
LSuU Load/store unit
MAC Multiply accumulate, media access control
MDI Medium-dependent interface
MESI Modified/exclusive/shared/invalid—cache coherency protocol
Mil Media independent interface
MMU Memory management unit
MSB Most significant byte
msb Most significant bit
NMSI Nonmultiplexed serial interface
No-op No operation
OCeaN On-chip network
oSl Open systems interconnection
PCI Peripheral component interconnect bus
PCMCIA  |Personal Computer Memory Card International Association
PCS Physical coding sublayer
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
PIC Programmable interrupt controller
PMA Physical medium attachment

PMD Physical medium dependent

POR Power-on reset
RGMII Reduced gigabit media independent interface
RISC Reduced instruction set computing

RTOS Real-time operating system
RWITM Read with intent to modify
RWM Read modify write

Rx Receive
RxBD Receive buffer descriptor
SCC Serial communication controller
SCP Serial control port
SDLC Synchronous data link control
SDMA Serial DMA
SFD Start frame delimiter
Si Serial interface
SIU System interface unit

SPR Special-purpose register

SRAM Static random access memory

TAP Test access port

TBI Ten-bit interface

TDM Time-division multiplexed
TLB Translation lookaside buffer
TSA Time-slot assigner

TSEC Three-speed Ethernet controller

Tx Transmit
TxBD Transmit buffer descriptor
UART Universal asynchronous receiver/transmitter
UPM User-programmable machine
UTP Unshielded twisted pair
VA Virtual address
ZBT Zero bus turnaround
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Part |
Overview

Part | describes the many features of the MPC8544E integrated host processor at an overview level. The
following chapters are included:

Chapter 1, “Overview,” provides a high-level description of features and functionality of the MPC8544E
integrated host processor. It describes the MPC8544E, its interfaces, and programming model. The
functional operation of the MPC8544E, with emphasis on periphera functions, is also described.

Chapter 2, “Memory Map,” describes theM PC8544E memory map. An overview of the local address map
isfollowed by a description of how local access windows are used to define the local address map. The
inbound and outbound address transl ation mechanisms used to map to and from external memory spaces
are described next. Finally, the configuration, control, and status registers are described, including a
completelisting of all memory mapped registerswith crossreferencesto the sectionsdetailing descriptions
of each.

Chapter 3, “Signal Descriptions,” providesalisting of all the external signals, cross-references for signals
that serve multiple functions, output signal states at reset, and reset configuration signals (and the modes
they define).

Chapter 4, “Reset, Clocking, and Initialization,” describes the hard and soft resets, power-on reset
sequence, power-on reset (POR) configuration, clocking, and initialization of the MPC8544E.
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Chapter 1
Overview

The MPCB8544E integrates an e500v2 core, built on Power Architecture™ technology, with system logic
required for networking, telecommunications, and wirelessinfrastructure applications. The MPC8544E is
amember of the PowerQUICC™ |11 family of devices that combine system-level support for
industry-standard interfaces with processors that implement Power Architecture™ technology. This
chapter provides a high-level description of features and functionality of the MPC8544E integrated
processor.

1.1 Introduction

The MPCB8544E uses the €500 core and high-speed interconnect technology to balance processor
performance with 1/0O system throughput. The €500 core implements embedded resources defined by the
Power | SA and provides unprecedented levels of hardware and software debugging support.

Additionally, the MPC8544E offers a double-precision floating-point auxiliary processing unit (APU),
256 Kbytes of level-2 cache, two integrated 10/100/1Gb enhanced three-speed Ethernet controllers
(eTSECs) with TCP/IP acceleration and classification capabilities, a DDR/DDR2 SDRAM memory
controller, a32-hit PCI controller, aprogrammableinterrupt controller, two | 2C controllers, afour-channel
DMA controller, an integrated security engine with XOR accel eration, a general-purpose 1/0 port, and
dual universal asynchronousreceiver/transmitters (DUART). For high speed interconnect, the M PC8544E
provides a set of multiplexed pins that support up three PCI Express interfaces. The high level of
integration in the MPC8544E helps simplify board design and offers significant bandwidth and
performance.

The MPCB8544E is al so avail able without asecurity engine, in aconfiguration known asthe MPC8544. All
specifications other than those relating to security apply to the MPC8544 exactly as described in this
document.
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1.2

units within the M PC8544E.

MPC8544E Overview

Thissection providesahigh-level overview of MPC8544E features. Figure 1-1 showsthe major functional

Security
DDR/DDR2/ Engine
SDgEIGH Memory Controller - >
<> XOR 256-Kbyte
Engine L2 Cache/
Flash . oI Local Bus Controller —|«—» SRAM €500 Core
GPIO
_ €500 A
IRQs Programmable Interrupt <> | Coherency |« / »||32-Kbyte L1| [ 32-Kbyte
N Controller (PIC) Module Core (B)omplex Instruction L1 Data
us Cache Cache
Serial<—>| DUART |<—>
2
’c C ItCII <~ <
ontroller >
> o PCI Express dual x4 and
2c 1=C - > > Interfaces single x1
Controller OceaN |<—>
MII, GMIL, TBI, eTSEC iwk')tc.h
RTBI, RGMI, <—> < > apric PCI 32-bit
RMII, SGMII 10/100/1Gb <—>| 32-bit PCI Bus Interface 66 MHz
MIl, GMII, TBI, eTSEC ><
RTBI, RGMII, <—> < > 4-Channel DMA External
RMII, SGMII 10/100/1Gb -~ Controller Control

Figure 1-1. MPC8544E Block Diagram

1.2.1

The following list provides an overview of the MPC8544E feature set:

» High-performance 32-bit €500 core that implementsresources for embedded processorsdefined by
the Power 1SA:

32-Kbyte L1 instruction cache and 32-Kbyte L 1 data cache with parity protection. Caches can
be locked entirely or on a per-line basis, with separate |ocking for instructions and data.

Signal-processing engine (SPE) instructions. Extensive instruction set for vector (64-bit)
integer and fractional operations. These instructions use both the upper and lower words of the
64-bit general-purpose registers (GPR) as they are defined by the SPE category of the Power
ISA.

Double-precision (64-bit) floating-point instructions that use the 64-bit GPRs.
Embedded vector and scalar single-precision (32-bit) floating-point instructions.
36-bit real addressing (up to 64 Gbytes of memory)

Memory management unit (MM U) especially designed for embedded applicationsthat support
4-K byte—4-Gbyte page sizes.

Key Features
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The €500 defines features that are not implemented on the MPC8544E. It also generally defines
features that the MPC8544E implements more specifically. An understanding of these differences
can be critical to ensure proper operations.

Section 1.3.1, €500 Core Overview,” includes a comprehensive list of €500 core features.
» 256-Kbyte L2 cache/SRAM

— Hexible configuration. See Section 1.3.2, “ On-Chip Memory Unit”

— Full ECC support on 64-bit boundary in both cache and SRAM modes

— Cache mode supports instruction caching, data caching, or both.

— External masters can force datato be allocated into the cache through programmed memory
ranges or special transaction types (stashing).
— One, two, or four ways can be configured for stashing only

— Eight-way set-associative cache organization (32-byte cache lines)

— Supportslocking entire cache or selected lines. Individual linelocksare set and cleared through
Book E instructions or by externally mastered transactions.

— Global locking and flash clearing done through writes to L2 configuration registers

— Instruction and datalocks can be flash cleared separately.

— SRAM features include the following:
— 1/O devices access SRAM regions by marking transactions as snoopable (global ).
— Regions can reside at any aligned location in the memory map.

— Byte-accessible ECC is protected using read-modify-write transaction accesses for
smaller-than-cache-line accesses.

* Addresstrandation and mapping unit (ATMU)
— Tenlocal access windows define mapping within local 36-bit address space.
— Inbound and outbound ATMUs map to larger external address spaces.
— Three inbound windows plus a configuration window on PCI and PCI Express
— Four outbound windows plus default translation for PCI and PCl Express
+ DDR/DDR2 memory controller
— Programmable timing supporting DDR and DDR2 SDRAM
— 64-bit data interface
— Four banks of memory supported, each up to 4 Gbytes, to a maximum of 16 Gbytes
— DRAM chip configurations from 64 Mbits to 4 Gbits with x8/x16 data ports
— Full error checking and correction (ECC) support
— Page mode support
— Upto 16 simultaneous open pages for DDR
— Up to 32 simultaneous open pages for DDR2
— Contiguous or discontiguous memory mapping
— Chip-select interleaving support
— Sleep mode support for self-refresh SDRAM
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On-die termination support when using DDR2

Supports auto refreshing

On-the-fly power management using CKE signal
Registered DIMM support

Fast memory access via JTAG port

2.5-V SSTL_2 compatible /0 (1.8-V SSTL_1.8 for DDR2)
Support for battery-backed main memory

Programmable interrupt controller (PIC)

Programming model is compliant with the OpenPIC architecture.
16 programmable interrupt and processor task priority levels

12 discrete external interrupts

4 message interrupts with 32-bit messages

Message shared interrupts

Connection of an external interrupt controller such as the 8259 programmable interrupt
controller

Four global high resolution timers/counters that can generate interrupts
Supports a variety of other internal interrupt sources

Fully nested interrupt delivery

Interrupts can be routed to external pin for external processing.

Interrupts can be routed to the €500 core’s standard or critical interrupt inputs.
Interrupt summary registers allow fast identification of interrupt source.

Integrated security engine (SEC) optimized to process all the algorithms associated with 1PSec,
IKE, WTLS/WAP, SSL/TLS, and 3GPP

Four crypto-channels, each supporting multi-command descriptor chains

— Dynamic assignment of crypto-execution units via an integrated controller

— Buffer size of 256 bytes for each execution unit, with flow control for large data sizes
PKEU—public key execution unit

— RSA and Diffie-Hellman; programmable field size up to 2048 bits

— Elliptic curve cryptography with Fom and F(p) modes and programmable field size up to
511 bits

DEU—Data Encryption Standard (DES) execution unit
— DES, 3DES

— Two key (K1, K2, K1) or three key (K1, K2, K3)

— ECB and CBC modes for both DES and 3DES
AESU—Advanced Encryption Standard (AES) unit

— Implements the Rijndael symmetric key cipher

— ECB, CBC, CTR, and CCM modes

— 128-, 192-, and 256-bit key lengths
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— AFEU—ARC four execution unit
— Implements a stream cipher compatible with the RC4 algorithm
— 40- to 128-bit programmable key
— MDEU—message digest execution unit
— SHA with 160- or 256-bit message digest
— MD5 with 128-bit message digest
— HMAC with either algorithm
— KEU—Kasumi execution unit
— Implements F8 algorithm for encryption and F9 algorithm for integrity checking
— Also supports A5/3 and GEA-3 algorithms
— RNG—random number generator
— XOR engine accelerates parity checking in RAID storage applications.
« Dual I1°C controllers
— Two-wire interface
— Multiple master support
— Master or slave 1°C mode support
— On-chip digital filtering rejects spikes on the bus
* Boot sequencer
— Optionally loads configuration data from serial ROM at reset viathe 1?C1l interface
— Can be used to initialize configuration registers and/or memory
— Supports extended 1°C addressi ng mode
— Dataintegrity checked with preamble signature and CRC
 DUART
— Two 4-wireinterfaces (SIN, SOUT, RTS, CTS)
— Programming model compatible with the original 16450 UART and the PC16550D
* Local bus controller (LBC)
— Multiplexed 32-bit address and data bus operating at up to 166 MHz
— Eight chip selects support eight external slaves.
— Upto eight-beat burst transfers
— The 32-, 16-, and 8-hit port sizes are controlled by an on-chip memory controller.
— Three protocol engines available on a per chip select basis.
— Genera-purpose chip select machine (GPCM)
— Three user programmable machines (UPMs)
— Dedicated single datarate SDRAM controller
— Parity support
— Default boot ROM chip select with configurable bus width (8, 16, or 32 hits)
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Two enhanced three-speed Ethernet controllers (eT SECs)

Backward compatible with MPC8540/M PC8560 (PowerQUICC 111) TSEC
Three-speed support (10/100/1000 Mbps)

Two |EEE 802.3, 802.3u, 802.3x, 802.3z, 802.3ac, 802.3ab compliant controllers
Support for two full-duplex FIFO interface modes

Support for various Ethernet physical interfaces:

— 1000 Mbps full-duplex |EEE 802.3 GMII, IEEE 802.3z TBI, RTBI, RGMII, and SGMI|I
— 10/100 Mbps full and half-duplex |EEE 802.3 MIl, IEEE 802.3 RGMII, and RMI

Flexible configuration for multiple PHY interface configurations. See Section 1.3.13,
“Enhanced Three-Speed Ethernet Controllers (eTSECs),” for more information.

TCP/IP acceleration and QoS features available

— IPv4 and IP v6 header recognition on receive

— IPv4 header checksum verification and generation

— TCP and UDP checksum verification and generation

— Per-packet configurable acceleration

— Recognition of VLAN, stacked (queuein queue) VLAN, 802.2, PPPoE session, MPLS
stacks, and ESP/AH | P-security headers

— Supported in al FIFO modes

Quiality of service support:

— Transmission from up to eight physical queues

— Reception to up to eight physical queues

Full- and half-duplex Ethernet support (1000 M bps supports only full duplex):

— |EEE 802.3 full-duplex flow control (automatic PAUSE frame generation or
software-programmed PAUSE frame generation and recognition)

Programmable maximum frame length supports jumbo frames (up to 9.6 Kbytes) and IEEE
802.1 virtual local area network (VLAN) tags and priority

VLAN insertion and deletion

— Per-frame VLAN control word or default VLAN for each eTSEC
— Extracted VLAN control word passed to software separately
Retransmission following a collision

CRC generation and verification of inbound/outbound frames
Programmable Ethernet preamble insertion and extraction of up to 7 bytes
MAC address recognition:

— Exact match on primary and virtual 48-bit unicast addresses

— VRRP and HSRP support for seamless router fail-over

Up to 16 exact-match MAC addresses supported

Broadcast address (accept/reject)

— Hash table match on up to 512 multicast addresses
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— Promiscuous mode

— Buffer descriptors backward compatible with MPC8260 and MPC860T 10/100 Ethernet
programming models

— RMON statistics support
— 10-Kbyte interna transmit and 2-Kbyte receive FIFOs
— MII management interface for control and status
— Ability to force allocation of header information and buffer descriptorsinto L2 cache
» OCeaN switch fabric
— Full crossbar packet switch
— Reorders packets from a source based on priorities
— Reorders packets to bypass blocked packets
— Implements starvation avoidance algorithms
— Supports packets with payloads of up to 256 bytes
* Integrated DMA controller
— Four-channel controller
— All channels accessible by both the local and remote masters
— Extended DMA functions (advanced chaining and striding capability)
— Support for scatter and gather transfers
— Misaligned transfer capability
— Interrupt on completed segment, link, list, and error
— Supports transfers to or from any local memory or 1/0 port
— Selectable hardware-enforced coherency (snoop/no snoop)
— Ability to start and flow control each DMA channel from external 3-pin interface
— Ability to launch DMA from single write transaction
» PCI controller
— PCI 2.2 compatible
— One 32-hit PCI port with support for speeds of up to 66 MHz
— Host and agent mode support
— 64-bit dual address cycle (DAC) support
— Supports PCI-to-memory and memory-to-PCl streaming
— Memory prefetching of PCI read accesses
— Supports posting of processor-to-PCl and PCI-to-memory writes
— PCI 3.3-V compatible
— Selectable hardware-enforced coherency
» PCl Expressinterfaces
— PCI Express 1.0a compatible
— Supports dual x4 and single x1 links

MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1

Freescale Semiconductor 1-7



Overview

— Auto-detection of number of connected lanes
— Selectable operation as root complex or endpoint
— Both 32- and 64-bit addressing
— 256-byte maximum payload size
— Virtual channel 0 only
— Traffic class 0 only
— Full 64-bit decode with 32-bit wide windows
*  Power management
— Supports power saving modes. doze, nap, and sleep

— Employs dynamic power management, which automatically minimizes power consumption of
blocks when they are idle

»  System performance monitor
— Supports eight 32-bit counters that count the occurrence of selected events
— Ability to count up to 512 counter-specific events
— Supports 64 reference events that can be counted on any of the eight counters
— Supports duration and quantity threshold counting
— Burstiness feature permits counting of burst events with a programmabl e time between bursts.
— Triggering and chaining capability
— Ability to generate an interrupt on overflow
*  System access port
— Uses JTAG interface and a TAP controller to access entire system memory map
— Supports 32-bit accesses to configuration registers
— Supports cache-line burst accesses to main memory
— Supports large block (4-Kbyte) uploads and downloads
— Supports continuous bit streaming of entire block for fast upload and download
* |EEE 1149.1 compliant, JTAG boundary scan
» 783 FC-PBGA package

1.3 MPCB8544E Architecture Overview
The following sections describe the major functional units of the MPC8544E.

1.3.1 e500 Core Overview

This device uses the €500 microprocessor core complex. The €500 core hasan internal PLL that allows
independent optimization of the operating frequencies. The core frequencies are derived from either the

MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1

1-8 Freescale Semiconductor



Overview

primary PCI clock input or an external oscillator. For background information regarding the €500 core
refer to the following documents:

» The €500 core family reference manual
*  PowerPC™ €500 Application Binary Interface User's Guide

» EREF: A Programmer's Reference Manual for Freescale Book E Processors—this book will be
replaced by EREF: A Programmer’s Reference Manual for Freescale Embedded Processors
(Including the €200, €500, and €700 Families)

NOTE

The €500 defines features that are not implemented on this device. It also
generaly defines some features that this device implements more
specifically. An understanding of these differences can be critical to ensure
proper operations.

The following isabrief list of some of the key features of the 500 core complex:

* Implementsfull Book E 32-bit architecture

* Implements additional instructions, registers, and interrupts defined by auxiliary processing units
(APUs). The SPE APU provides an extensive instruction set for 64-bit vector integer and fractional
operations. The embedded floating-point APUs provide vector single-precision instructions that
operate on operands comprised of two 32-bit elements; the single-precision scalar instructions use
only the bottom word. The double-precision floating-point APU provides scalar (64-bit)
double-precision floating-point instructions that use the 64-bit GPRs.

NOTE

The SPE APU and double-precision floating-point APU functionality is
implemented in all PowerQUICC 111 devices. However, these instructions
will not be supported in devices subsegquent to PowerQUICC I11. Freescale
strongly recommends that use of these instructions be confined to libraries
and device drivers. Customer software that uses SPE, double-precision
floating-point, or embedded floating-point APU instructions at the
assembly level or that uses SPE intrinsicswill require rewriting for upward
compatibility with next-generation PowerQUICC devices.

Freescale offersalibcfsl_e500 library that uses SPE instructions. Freescale
will also provide librariesto support next-generation PowerQUICC devices.
* L1 cache structure
— 32-Kbyte, 32-byte line, eight-way set-associative instruction cache
— 32-Kbyte, 32-byte line, eight-way set-associative data cache
— 1.5-cycle cache array access, 3-cycle load-to-use latency
— Pseudo-LRU replacement algorithm
— Copy-back data cache
* Dual-dispatch superscalar
» Precise exception handling
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Seven-stage pipeline control

Instruction unit

— Twelve-entry instruction queue

— Full hardware detection of interlocks

— Dispatch of up to two instructions per cycle

— Dispatch seriaization control

— Register dependency resolution and renaming

Branch unit (BU)

— Dynamic branch prediction

— Two-entry branch instruction queue (BIQ)

— Executes all branch and CR logical instruction
Completion unit

— Asmany as 14 instructions alowed in 14-entry completion queue
— In-order retirement of up to two instructions per cycle
— Completion and refetch serialization control

— Synchronization for al instruction flow changes—interrupts and mispredicted branches
Two simple execution units that perform:

— Single-cycle add and subtract

— Single-cycle shift and rotate

— Single-cyclelogical operations

— Supports integer signal processing operations
Multiple-cycle execution unit (MU)

— 4-cyclelatency for integer and floating-point multiplication (including integer, fractional, and
both vector and scalar floating-point multiply instructions)

— Variable-latency divide: 4, 11, 19, and 35 cyclesfor all Book E, SPE, and embedded
floating-point divide instructions. Note that the MU allows divide instructions to bypass the
second two MU pipeline stages, freeing those stages for other MU instructions to execute in
paralel.

— 4-cyclefloating-point multiply
— 4-cyclefloating-point add and subtract
Double-precision floating-point APU

Signal processing engine APU (SPE APU). The singleinstruction multiple data (SIMD) capability
provided by the 64-bit execution units (MIU, LSU, SIU1) is not a separate execution unit. The
hardware that executes 32-bit Book E instructions al so executes the |lower half of 64-bit SPE APU
instructions.

— Single-cycle integer add and subtract
— Single-cyclelogical operations
— Single-cycle shift and rotate
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— 4-cycleinteger pipelined multiplies
— 4-,11-, 19-, and 35-cycle integer divides
— 4-cycle SIMD pipelined multiply-accumulate (MAC)
— 64-bit accumulator for MAC operations
» Single-precision vector and scalar floating-point APUs
» Load/store unit (LSU)
— 3-cycleload latency
— Fully pipelined
— Nine-entry load queue allows up to nine load misses before stalling
— Can continue servicing load hits when load queue is full
— Six-entry store queue allows full pipelining of stores
» Cache coherency
— Bus support for hardware-enforced coherency (bus snooping)
» Core complex bus (CCB)
— High-speed, on-chip local bus with data tagging
— 36-bit address bus
— 60x-like address protocol with address pipelining and retry/copyback
— Two general-purpose read data, one write data bus
— 128-bit data plus parity/tags (each data bus)
— Supports out-of-order reads, in-order writes
— Little to no data bus arbitration logic required for native systems
— Supports one-level pipelining of addresses with address-retry responses
» Extended exception handling
— Supports Book E interrupt model
— Interrupt vector prefix register (IVPR)

— Interrupt vector offset registers (1VORs) 0-15 as defined in Book E plus €500-defined
IVORs 32-35

Exception syndrome register (ESR)

Book E—defined preempting critical interrupt, including critical interrupt status registers
(CSRRO and CSRR1) and an rfci instruction

— €500-specific interrupts not defined in Book E architecture
— SPE APU unavailable exception
— Floating-point data exception
— Floating-point round exception
Performance monitor
* Memory management unit (MMU)
— DataL1 MMU
— Four-entry, fully-associative TLB array for variable-sized pages
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— 64-entry, four-way set-associative TLB for 4-Kbyte pages
— Instruction L1 MMU
— Four-entry, four-way set-associative TLB for 4-Kbyte pages
— Unified L2 MMU
— 16-entry, fully-associative TLB array for variable-sized pages
— 512-entry, four-way set-associative TLB for 4-Kbyte pages
— Softwarereload for TLBs
— Support for as much as 4 Gbytes (2%2) of virtual memory
— Support for as much as 64 Gbytes (2%) of physical memory
— Support for big-endian and true little-endian memory on a per-page basis
*  Power management

— Dynamic power management on the core minimizes power consumption of functional units,
such as execution units, caches, and MMUs, when they are idle.

— Core power-saving modes:. core-halted and core-stopped

— NAP, DOZE, and SLEEP bitsin HIDO that can be used to assert nap, doze, and Sleep core
output signals to initiate power-saving modes at the integrated device level.

o Testability
— LSSD scan design
— JTAG interface
— ESP support

1.3.2 On-Chip Memory Unit

The MPC8544E contains an internal 256-Kbyte memory array that can be configured as memory-mapped
SRAM or as alook-aside L2 cache. The array can also be divided into two arrays, one of which may be
used as cache and the other as SRAM.

The memory controller for this array connects to the core complex bus (CCB) and communicates via
128-hit read and write buses to the €500 core and theM PC8544E system logic.
The on-chip memory unit contains:
» 256 Kbytes of on-chip memory
— L2 cache partitioning is configurable
— Can act as a 256-Kbyte L2 cache
— 256-Kbyte array organized as 1024 eight-way sets of 32-byte cache lines
— Array can be partitioned into either L2 cache or memory mapped SRAM on a 1-, 2-, 4-, or
8-way basis
— Stashing of 1/O datainto the L2 array is supported, but can be limited to a 1-, 2-, or 4-way
basis
— SRAM operation is byte-accessible.
— Data ECC on 64-hit boundaries (single-error correction, double-error detection)
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— Tag parity (1 bit covering all tag bits)
— Cache mode supports instruction caching, data caching, or both.

— External masters can force data to be alocated into the cache through programmed memory
ranges or special transaction types.

— Separate locking for instructions and data so that locks can be set and cleared separately
— Supports locking the entire cache or selected lines

— Individual line locks are set and cleared through core-initiated instructions, by external
reads or writes, or by accesses to programmed memory ranges.

— Flash clearing done through writesto L2 configuration registers

— Locksfor the entire cache may be set and cleared by accesses to memory-mapped control
registers.

1.3.3 On-Chip Memory as Memory-Mapped SRAM

When the on-chip memory is configured as an SRAM, the memory can be configured to reside at any
aligned location in the memory map. It is byte-accessible, and fully ECC protected using
read-modify-write transactions for sub-cache-line transactions. I/O devices can access the SRAM by
marking transactions global so that they are directed to the CCB.

1.3.4 On-Chip Memory as L2 Cache
The on-chip memory arrays include a 256-K byte data array, an address tag array, and a status array.

The data array is organized as 1024 sets of eight cache lines. Each cache line sizeis 32 bytes. The
replacement policy within each eight-way set is governed by a pseudo-LRU algorithm. The datais
protected with ECC and the tag array is protected by parity.

The L 2 cache tags are non-blocking for efficient load/store and snooping operations. The L2 cache can be
accessed internally while aload missis pending (allowing hits under misses). Subsequent to aload miss
updating the memory, loads or stores can occur to that line on the very next cycle.

The L2 status array maintains status bits for each line that are used to determine the status of the line.
Different combinations of these bitsresult in different L2 states. Note that because the cache is always
write-through, there is no modified state. The status bits include:

e V—Vdid

* |L—Instruction locked

» DL—Datalocked

All accessesto the L2 memory are fully pipelined so back-to-back |oads and stores can have single-cycle
throughput.

The cache can be configured to alocate instructions only, data only, or both. It can also be configured to
allocate global 1/0 writes that correspond to a programmable address window or that use a special
transaction type (stashing). In thisway, DMA engines or |1/O devices can force data into the cache.
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Line locks can be set in avariety of ways. The Book E architecture defines instructions that explicitly set
and clear locksin the L2. These instructions are supported by the core complex and the L2 controller. In
addition, the L2 controller can be configured to lock al lines that fall into either of two specified address
ranges when the lineis allocated. Finally, the entire cache can be locked by writing to a configuration
register in the L2 cache controller.

The status array tracks linelocks as either instruction locks or datalocksfor each line, and the status array
supportsflash clearing of al instruction locks or datalocks separately by writesto configuration registers
inthe L2 controller.

1.3.5 €500 Coherency Module (ECM)

The €500 coherency module (ECM) provides a mechanism for I/O-initiated transactions to snoop the bus
between the €500 core and the integrated L2 cache in order to maintain coherency across local cacheable
memory. It also provides aflexible switch-type structure for core- and 1/O-initiated transactions to be
routed or dispatched to target modules on the device.

1.3.6 DDR SDRAM Controller

The MPCB8544E supports DDR and DDR2 SDRAM. The memory interface controls main memory
accesses and provides for amaximum of 16 Gbytes of main memory. The memory controller can be
configured to support the various memory sizes through software initialization of on-chip configuration
registers.

The MPC8544Esupports avariety of SDRAM configurations. SDRAM banks can be built using DIMMs
or directly-attached memory devices. Sixteen multiplexed address signals provide for device densities of
64 Mbits, 128 Mbits, 256 Mbits, 512 Mbits, 1 Ghits, 2 Ghits and 4 Ghits. Four chip select signals support
up to four banks of memory. The MPC8544E supports bank sizes from 64 Mbytesto 4 Gbytes. Nine
column address strobes (MDM]0:8]) are used to provide byte selection for memory bank writes.

The MPC8544E can be configured to retain the currently active SDRAM pagefor pipelined burst accesses.
Page mode support of up to 16 simultaneously open pages (32 for DDR2) can dramatically reduce access
latenciesfor page hits. Depending on the memory system design and timing parameters, using page mode
can save 3 to 4 clock cycles from subsequent burst accesses that hit in an active page.

The MPCB8544E supports error checking and correction (ECC) for system memory. Using ECC, the
MPC8544E detects and corrects all single-bit errors and detects all double-bit errorsand all errorswithin
anibble.

The MPC8544E can invoke alevel of system power management by asserting the MCKE SDRAM signal
on-the-fly to put the memory into alow-power sleep mode.

The MPCB8544E offers the following options to support battery-backed main memory:

* Hardware based

An external voltage sense device is connected to the MPC8544E viaan interrupt line. The external
interrupt from this device is steered through the MPC8544E interrupt controller to the IRQ_OUT
signal. The IRQ_OUT signal from the interrupt controller is steered to an enable bit in the DDR
controller which immediately causes main memory to enter self-refresh mode.
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This proposal precludes any other simultaneous use of IRQ_OUT.
» Software based

The DDR controller also has a software-programmable bit that immediately puts main memory
into self-refresh mode.

It isexpected that acritical interrupt routinetriggered by an external voltage sense device will have
time to set this bit.

The DDR controller offers an initialization bypass feature which system designers may use to prevent
re-initialization of main memory during system power-on following abnormal shutdown.

1.3.7 Programmable Interrupt Controller (PIC)

The programmable interrupt controller (PIC) implements the necessary functions to provide aflexible
solution for a general-purpose interrupt control. The interrupt controller unit implements the logic and
programming structures of the OpenPI C architecture. The MPC8544E interrupt controller unit supportsits
processor core and providesfor 12 externa interrupts (with fully nested interrupt delivery), four message
interrupts, internal-logic driven interrupts, and four global high resolution timers. Up to 16 programmable
interrupt priority levels are supported.

The MPCB8544E supports reception of interrupt messages from the PCI Express interfaces. The PIC
supportsINTx and message shared interrupts (M Sl) from the PCl Expressinterfaces. Four INTX interrupts
are presented as independent PIC interrupt sources. There are 256 individual M S interrupt sources
supported as eight groups of 32 sources. Each of the eight groups constitutes an independent PIC interrupt
source. Individual interrupt sources have associated with them avector, priority and destination value.

The interrupt controller unit can be bypassed to allow use of an external interrupt controller.
Inter-processor interrupt (1Pl) communication is supported through the external interrupt and core reset
signals of different processor cores on the same device. The four IPIs are only used for self-interrupt in a
single-core device such asthe MPC8544E.

1.3.8 Integrated Security Engine (SEC) for the MPC8544E

NOTE

The features described in this section are only available on the MPC8544E.
The MPC8544 does not include an integrated security engine.

The SEC is amodular and scalable security core optimized to process al the algorithms associated with
IPSec, IKE, WTLS/WAP, SSL/TLS, and 3GPP. Although it is not a protocol processor, the SEC is
designed to perform multi-algorithmic operations (for example, SDES-HMAC-SHA-1) in asingle pass of
the data, and every effort has been made to provide the SEC with the flexibility to perform single-pass
operationsfor current and emerging security protocols. The version of the SEC used in the MPC8544E is
specifically capable of performing single-pass security cryptographic processing for SSL 3.0, SSL
3.UTLS 1.0, IPSec, SRTP, and 802.11i.
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A block diagram of the integrated security engine'sinternal architectureis shown in Figure 1-2. The bus
interface module is designed to transfer 64-bit words between the internal bus and any register inside the
SEC.

| Crypto- |
| channel[™ T < T T
| |
L L
o/ Crypto- 1, L2 A |
| channel[™ v \ Y Y Y
FIFO | [FIFO | [FIFO | [FIFO | [FIFO] ¥
Master/ s
— > _[Crypio- ], PKEU
e o <] channai[<—] €ontr! DEU | [MDEU| |AESU| | AFEU| | KEU | | RNG
FIFO | [FIFO | [FIFO | [FIFO | [FIFO | [FIFO
| Crypto- |
| channel[™ T
< Y Y Y Y Y Y

Figure 1-2. Integrated Security Engine Functional Blocks

An operation begins with awrite of apointer to a crypto-channel fetch register that pointsto a data packet
descriptor. The channel requests the descriptor and decodes the operation to be performed. The channel
then requests the controller to assign crypto-execution units and fetch the keys, IVs, and data needed to
perform the given operation. The controller satisfies the requests by assigning execution unitsto the
channel and by making requests to the master interface. Asdatais processed, it iswritten to the individual
execution unit’s output buffer and then back to system memory viathe bus interface module.

The SEC functionality is compatible with code written for the integrated security engine present in the
Freescale MPC8541E and M PC8555E devices.

1.3.9  12C Controllers

The MPC8544E provides two inter-IC (11C or 1°C) interfaces. The 1°C busis atwo-wire, bidirectional
serial bus that provides a simple, efficient method of data exchange between devices. The synchronous,
multi-master bus of the 1°C allows the MPC8544E to exchange data with other 1°C devices such as
microcontrollers, EEPROMS, real-time clock devices, A/D converters, and LCDs. The two-wire bus
(serial data SDA and serial clock SCL) minimizes the interconnections between devices. 1°C allows the
connection of additional devices to the bus for expansion and system development.

The I%C controller isatrue multimaster buswhich includescollision detection and arbitration that prevents
data corruption if two or more masters attempt to control the bus simultaneoudly. This feature allows for
complex applications with multiprocessor control. The I2C controller consists of a transmitter/receiver
unit, aclocking unit, and a control unit. The dual 12C units support general broadcast mode, and on-chip
filtering rejects spikes on the bus.
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1.3.10 Boot Sequencer

The MPC8544E provides a boot sequencer that uses the 1%C interface to access an external serial ROM
and loads the data into the MPC8544E configuration registers. The boot sequencer is enabled by a

configuration pin sampled at the negation of the MPC8544E hardware reset signal. If enabled, the boot
sequencer holds the MPC8544E processor core in reset until the boot sequence is complete. If the boot
sequencer is not enabled, the processor core exits reset and fetches boot code in default configurations.

1.3.11 Dual Universal Asynchronous Receiver/Transmitter (DUART)

The MPCB8544E includes aDUART intended for use in maintenance, bringing-up, and debugging of
systems. The MPC8544E provides astandard four-wire handshake (SIN, SOUT, RTS, CTS) for each port.
The DUART isadave interface. An interrupt is provided to the interrupt controller or optionally steered
externally to allow device handshakes. Interrupts are generated for transmit, receive, line status, and
MODEM status.

The MPC8544E DUART supports full-duplex operation. It is compatible with the PC16450 and PC16550
programming models. Also, 16-byte FIFOs are supported for both the transmitter and the receiver.

Software programmable baud generators divide the system clock to generate a 16x clock. Serial interface
data formats (data length, parity, 1/1.5/2 stop bits, baud rate) are also software selectable.

1.3.12 Local Bus Controller

The MPCB8544E |ocal bus controller (LBC) port allows connections with awide variety of external
memories, DSPs, and ASICs. Three separate state machines share the same external pins and can be
programmed separately to access different types of devices. The genera-purpose chip select machine
(GPCM) controls accesses to asynchronous devices using a ssmple handshake protocol. The user
programmable machine (UPM) can be programmed to interface to synchronous devices or custom ASIC
interfaces. The SDRAM controller provides access to standard SDRAM . Each chip select can be
configured so that the associated chip interface can be controlled by the GPCM, UPM, or SDRAM
controller. All may exist in the same system.

The GPCM provides aflexible asynchronous interface to SRAM, EPROM, FEPROM, ROM, and other
devices such as asynchronous DSP host interfaces and CAMs. Minimal gluelogic isrequired. Handshake
signals can be configured to transition on fractions of the system clock. The GPCM does not support
bursting.

The UPM alows an extremely flexible interface in which the programmer configures each of a set of
general-purpose protocol signals by writing the transition pattern into amemory array. The UPM supports
synchronous and bursting interfaces. It also supports multiplexed addressing so that a smple DRAM
interface can be implemented. The UPM isentirely flexible in order to provide avery high degree of
customi zation with respect to both asynchronous and burst-synchronousinterfaces, which permitsglueless
or almost glueless connection to burst SRAM, custom ASIC, and synchronous DSP interfaces.

The LBC provides a synchronous DRAM (SDRAM) machine that provides the control functions and
signals for glueless connection to JEDEC—compliant SDRAM devices. Aninternal PLL (phase-locked
loop) for bus clock generation ensures improved data setup margins for board designs. The SDRAM
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machine can optimize burst transfers and exploits interleaving to maximize data transfer bandwidth and
minimize access latency. Programmable row and column address multiplexing allows a variety of
SDRAM configurations and sizes to be supported without hardware changes.

1.3.13 Enhanced Three-Speed Ethernet Controllers (eTSECs)

The MPC8544E has two on-chip enhanced three-speed Ethernet controllers. The eT SECs incorporate a
media access control (MAC) sublayer that supports 10- and 100-Mbps and 1-Gbps Ethernet/802.3
networkswithMl11, RMII, GMII, RGMII, SGMII, TBI, and RTBI physical interfaces. The eTSECsinclude
2-Kbyte receive and 10-Kbyte transmit FIFOs and DMA functions.

The buffer descriptors are based on the MPC8260 and MPC860T 10/100 Ethernet programming models.
Each eTSEC can emulate a PowerQUICC 111 TSEC, alowing existing driver software to be re-used with
minimal change.

The MPC8544E eT SECs support programmable CRC generation and checking, RMON statistics, and
jumbo frames of up to 9.6 Kbytes. Frame headers and buffer descriptors can be forced into the L2 cache
to speed classification or other frame processing.

Each eTSEC provides hardware support for accelerating TCP/IP packet transmission and reception. By
default, TCP/IP acceleration is not enabled, and the eT SEC processes frames as pure Ethernet frames.

TCP/IP acceleration can be performed at anumber of levels. The eTSEC can parseframes at layer 2 of the
stack only (Ethernet headers and switching headers), layers 2 to 3 (including IP v4 or IP v6), or layers 2
to 4 (including TCP and UDP).

Onreceive, the eTSEC provides protocol header recognition, header verification (1P v4 header checksum
verification), and TCP/UDP payload checksum verification including verification of associated
pseudo-header checksums. On transmit, the eT SEC provides |P v4 and TCP/UDP header checksum
generation. The eT SEC does not checksum transmitted packets with IP header options or | P fragments.

To provide for quality of service, transmission from up to eight queues is supported with priority-based
gueue selection. Arbitration is a modified weighted round-robin queue selection with fair bandwidth
allocation.

On receive, packets may be distributed to any of the 64 virtual receive queues overlaid onto the 8 physical
receive queues. A table-oriented queuefiling strategy is provided based on 16 header fields or flags. Frame
rejection is supported for filtering applications.

Filing can be based on Ethernet, IP, and TCP/UDP properties, including VLAN fields, Ether-type, IP
protocol type, IPTOS or differentiated services, |P source and destination addresses, TCP/UDP port
numbers, or user-defined bit fields.

Each eTSEC provides afull-duplex packet FIFO interface port that bypasses the Ethernet MAC, but
re-usesthe PHY interface pins. As aresult, the FIFO interface normally does not impose the overheads of
Ethernet framing. The FIFO interface operates synchronoudly, at up to 200MHz, providing up to 3.2-Gbps
full-duplex transfer rates. Bare | P packets, with an optional 32-bit CRC check sequence, can betransferred
to the eTSEC directly. The eTSEC Tx and Rx FIFOs, TCP/IP acceleration functions, and DMA continue
to be used in packet FIFO mode.

There are no mode configuration dependencies between eTSEC1 and eT SECS.
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1.3.14 OceaN Switch Fabric

In order to reduce the strain on core interconnects with the addition of new functional blocksin this
generation of the PowerQUICC family, a multi-port, on-chip, non-blocking crossbar switch fabric called
OCeaN (on-chip network) has been provided. The switch fabric servesto decrease contention and increase
bandwidth. This non-blocking crossbar fabric allows full-duplex port communication with independent
per-port transaction queuing and flow control.

1.3.15 Integrated DMA

The MPC8544E DMA engineis capable of transferring blocks of datafrom any legal addressrange to any
other legal address range. Therefore, it can perform aDMA transfer between any of its 1/0O or memory
ports or even between two devices or locations on the same port.

The four-channel DMA controller allows chaining (both extended and direct) through local
memory-mapped chain descriptors. Scattering, gathering, and misaligned transfers are supported. In
addition, advanced capabilities such as stride transfers and complex transaction chaining are supported.

DMA transfers can be initiated by a single write to a configuration register. There is aso support for
external control of transfersusing DMA_DREQ, DMA_DACK, and DMA_DDONE handshake signals.

Interrupts are provided on a completed segment, link, list, chain, or on an error condition. Coherency is
selectable and hardware enforced (snoop/no snoop).

1.3.16 PCI Controller

The MPCB8544E has a 32-bit PCI controller that is compatible with the PCI Local Bus Specification,
Revision 2.2. The controller can function as a host bridge or as an agent interface.

Asamaster, the MPC8544E supports read and write operations to PCI memory space, PCI 1/0 space, and
PCI configuration space. The MPC8544E can also generate PCl specia-cycle and interrupt-acknowledge
commands. As an agent/target, the MPC8544E supports read and write operations to system memory as
well as configuration accesses.

Aninterna arbiter can be used to support up to five external masters. A round robin arbitration algorithm
with two priority levelsis used.

1.3.17 PCI Express Interface

The MPCB8544E supports a PCl Express interface compliant with the PCI Express Base Specification
Revision 1.0a. It is configurable at boot time to act as either root complex or endpoint.

Theinterface is selectable at boot time to support either 32 or 64-bit addressing. The maximum supported
packet payload size is 256 bytes.

The physical layer supports dual x4 links and asingle x1 link.
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The interface supports virtual channel 0 (VCO0) and traffic class O (TCO) only.

Inbound INTX transactions are supported and change the state of one of four level-sensitive interrupts
presented to the PIC. Outbound INTX transactions are not supported.

Message signaled interrupt (M Sl) transactions are supported and control up to 256 interrupt sourceswithin
the PIC. Inbound transactions cause specific edge-triggered interrupt sources to be controlled within the
PIC. Outbound M SI transactions are created by software using the MSl Capability Register Sets.

The physical layer of the PCI Express interface operates at a 2.5-Gbaud datarate per lane. The theoretical
unidirectional peak bandwidth is 16 Gbps. Receive and transmit ports operate independently, resulting in
an aggregate theoretical bandwidth of 32 Gbps.

1.3.18 Power Management

In addition to low-voltage operation and dynamic power management in its execution units, the
MPC8544E supports four power consumption modes: full on, doze, nap, and seep. The three low-power
modes, doze, nap, and sleep, can be entered under software control in the €500 core or by external masters
accessing a configuration register.

Doze mode suspends execution of instructionsin the e500 core. The coreisleft in astandby modeinwhich
cache snooping and time base interrupts are still enabled. Device logic external to the processor coreis
fully functiona in this mode.

Nap mode shuts down clocks to all the €500 functional units except the time base, which can be disabled
separately. No snooping is performed in nap mode, but the device logic external to the processor coreis
fully functional.

Sleep mode shuts down not only the €500 core, but also all of the MPC8544E 1/0O interfaces aswell. Only
the interrupt controller and power management logic remain enabled so that the device can be awakened.

1.3.19 Clocking

The MPC8544E takesin the SY SCLK signal asan input to the platform PLL and multipliesit to generate
the platform clock, which operates at the same frequency as the SDRAM datarate (for example,

666 MHz). The L2 cache also operates at thisfrequency. The €500 core usesthe platform clock asan input
toits PLL, which multipliesit again to generate the core clock.

Although the DDR2 controller clocking is source synchronous, a PLL isused in the local bus memory
controller (LBC) to generate memory clocks. Six differential clock pairsare generated for DDR SDRAMS.
Two clock outputs are generated for the local bus controller (LBC).

1.3.20 Address Map

The MPCB8544E supports a flexible 36-bit physical address map. Conceptually, the address map consists
of local space and external address space. The local address map is 64 Gbytes. The MPC8544E can be

made part of alarger system address space through the mapping of translation windows. Thisfunctionality
isincluded in the address trand ation and mapping units (ATMUSs). Both inbound and outbound trand ation
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windows are provided. The ATMUs allows the MPC8544E to be part of larger address maps such as the
PCI or PCl Express 64-bit address environment.

1.3.21 Processing Across the On-Chip Fabric

When processing across the on-chip fabric, the ATMUs at each fabric port are used to determine the flow
of data across the MPC8544E. The ATMUs at each fabric port are responsible for generating a fabric port
destination ID aswell asanew local device address. The port ID and local address are based on the
programmed destination of the transaction. The following is a general overview of how the ATMUs
process transactions over the on-chip fabric (refer to Figure 1-3).

1. When atransaction on one of the fabric ports begins, the ATMU on the origination port trand ates
the programmed destination address into both a destination fabric port ID and alocal device
address.

2. The datais then processed across the on-chip fabric from the origination port to the destination
port.

3. If the destination port connects off chip (for example, to a PCI device), the local device addressis
translated by the destination port ATMU to an outbound address with respect to the destination
port’s memory map, and the data is processed accordingly.

®
® ®

} ATMU } >< } ATMU ::>

Figure 1-3. Processing Transactions Across the On-Chip Fabric

1.3.22 Data Processing with the e500 Coherency Module

Processing viathe ECM is similar to processing across the on-chip fabric (in the sense of how datais
received and transmitted) with the exception that the transaction passes through the ECM. The purpose of
the ECM isto provide ameans for any 1/O transaction to maintain coherency with the cacheable DDR
SDRAM and thelocal bus memory. However, simply because the ECM is used does not make transactions
across it coherent. The €500 core and L 2 cache are snooped to maintain coherency only if the transaction
acrossthe ECM isdesignated as global (GBL hit set). Otherwise, the transaction passes through the ECM
using the ECM as asimple conduit to get to its destination. In essence, only global transactions across the
ECM are coherent transactions; all others (across the on-chip fabric) are non-coherent.

1.4  Application Examples

The MPC8544E is a very flexible device and can be configured to meet many system application needs.
The following section provides block diagrams of various applications.
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1.4.1 Multi-function Router Application

Figure 1-4 shows an M PC8544E in a multi-function router application enabled by local bus, PCl Express,
PCI and Ethernet.
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MAC
Network Interface
PCle
Y
ASIC/FPGA

Figure 1-4. Multi-function Router Application Enabled by local bus, PCI Express,
PCI, and Ethernet
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1.4.2 Multifunction Printer Application

Figure 1-5 illustrates an MPC8544E in a multifunction printer application enabled by local bus, PCI
Express, PCI, and Ethernet.
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Figure 1-5. Multifunction Printer Application Enabled by Local Bus, PCI Express,
PCI, and Ethernet
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1.4.3 Security Appliance

Figure 1-6 shows an MPC8544E as a small-medium enterprise firewall appliance enabled by SEC, local
bus, PCI and Ethernet.
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Figure 1-6. Security Appliance Enabled by SEC, local bus, PCI, and Ethernet
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1.4.4 IP SAN Host Adapter

Figure 1-7 shows the MPC8544E as an | P SAN host adapter enabled by local bus, PCl Express, and
Ethernet.
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Figure 1-7. IP SAN Host Adapter enabled by local bus, PCI Express, and Ethernet
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1.4.5 VolP Aggregation Application
Figure 1-8 shows MPC8544E in a Vol P aggregation application enabled by local bus and Ethernet.
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Figure 1-8. VolP Aggregation Application Enabled by local bus and Ethernet
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Chapter 2
Memory Map

This chapter describes the M PC8544E memory map. An overview of thelocal address map isfollowed by
adescription of how local access windows are used to define the local address map. The inbound and
outbound address trand ation mechanisms used to map to and from external memory spaces are described
next. Finally, the configuration, control, and status registers are described, including acomplete listing of
all memory-mapped registers with cross references to the sections detailing descriptions of each.

2.1 Local Memory Map Overview and Example

The MPCB8544E provides an extremely flexible local memory map. The local memory map refersto the
36-bit address space seen by the processor as it accesses memory and /O space. DMA engines also see
this same local memory map. All memory accessed by the MPC8544E DDR SDRAM and local bus
memory controllers exists in this memory map, as do all memory-mapped configuration, control, and
status registers.

The local memory map is defined by a set of ten local access windows. Each of these windows maps a
region of memory to a particular target interface, such asthe DDR SDRAM controller or the PCI
controller. Note that the local access windows do not perform any address trandation. The size of each
window can be configured from 4 Kbytesto 32 Ghytes. The target interface is specified using the codes
shown in Table 2-1.

Table 2-1. Target Interface Codes’

Target Interface Target Code
PCI 00000
PCI Express 2 00001
PCI Express 1 00010
PCI Express 3 00011
Local bus 00100
DDR SDRAM 01111

! The general intent of the Target Interface Codes is to
maintain consistency across PowerQUICC Il family
devices.
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Figure 2-1 shows an example memory map.

Example Local

Memory Map
0
0x0_A000_0000
DDR SDRAM
Memory
PCI
0x0_8000_0000 } — — — — 4
0x0_B000_0000
Local Bus SRAM — |
0x0_A000_000
Configuration Registers /o
0x0_C000_0000
CCSR
T Local Bus
Local Bus Flash Boot ROM
0x0_FFFF_FFFF
0x8_0000_0000
PCI-Express
OxF_FFFF_FFFF

Figure 2-1. Local Memory Map Example

Table 2-2 shows one corresponding set of local access window settings.

Table 2-2. Local Access Windows Example

Window Base Address Size Target Interface
0 0x0_0000_0000 2 Gbytes Ob1111 (DDR SDRAM)
1 0x0_8000_0000 1 Mbyte 0b0100 (local bus)
2 0x0_A000_0000 256 Mbytes | 0b0000 (PCI)
3 0x0_C000_0000 256 Mbytes |0b0100 (local bus)
4 0x8_0000_0000 32 Gbytes | 0b0100 (PCI Express)
5-9 Unused
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In this example, it is not necessary to use alocal access window to specify the range of memory used for
memory-mapped registers because thisis afixed 1-Mbyte space pointed to by CCSRBAR. See

Section 4.3.1.1.2, “ Configuration, Control, and Status Base Address Register (CCSRBAR).” Neither isit
required to define alocal access window to describe the location of the boot ROM becauseitisinthe
default location (see Section 4.4.3.4, “Boot ROM Location™). However, note that the €500 core only
provides one default TLB entry to access boot code and it allows for accesses within the highest 4 Kbytes
of thelow 4 Gbytes of memory. In order for the €500 to accessthefull 8 Mbytes of default boot space (and
the 1 Mbyte of CCSR space), additional TLB entries must be set up within the €500 MMU for mapping
these regions.

2.2 Address Translation and Mapping

Four distinct types of translation and mapping operations are performed on transactionsin the MPC8544E.
These are asfollows:

* Mapping alocal addressto atarget interface

* Assigning attributes to transactions

» Tranglating the local 36-bit address to an external address space
» Trandating external addresses to the local 36-bit address space

The local access windows perform target mapping for transactions within the local address space. No
address trandation is performed by the local access windows.

Outbound ATMU windows perform the mapping from the local 36-bit address space to the address spaces
of PCI or PCI-Express, for example, which may be much larger than the local space. Outbound ATMU
windows also map attributes such as transaction type or priority level.

Inbound ATMU windows perform the address trand ation from the external address space to the local
address space, attach attributes and transaction types to the transaction, and also map the transaction to its
target interface. Note that in mapping the transaction to the target interface, an inbound ATMU window
performs a similar function as the local access windows. The target mappings created by an inbound
ATMU must be consistent with those of the local access windows. That is, if an inbound ATMU maps a
transactionto agiven local addressand agiven target, alocal accesswindow must also map that samelocal
address to the same target.

All of the configuration registers that define trandation and mapping functions use the concept of
transl ation or mapping windows, and all follow the sameregister format. Table 2-3 summarizesthegeneral
format of these window definitions.

Table 2-3. Format of ATMU Window Definitions

Register Function
Translation address High-order address bits defining location of the window in the target address space
Base address High-order address bits defining location of the window in the initial address space
Window size/attributes Window enable, window size, target interface, and transaction attributes
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Windows must be a power-of-two size. To perform atranslation or mapping function, the address of the
transaction is compared with the base address register of each window. The number of bits used in the
comparison is dictated by each window’s size attribute. When an address hits awindow, if address
translation is being performed, the new translated address is created by concatenating the window offset
to the translation address. Again, the window’s size attribute dictates how many bits are trand ated.

2.2.1 SRAM Windows

The on-chip memory array of the MPC8544E can be configured as a memory-mapped SRAM ranging
from 64 Kbytes to 256 Kbytes. Configuration registers in the L2 cache controller set the base addresses
and sizes for these windows. When enabled, these windows supersede all other mappings of these
addresses for processor and global (snoopable) 1/0 transactions. Therefore, SRAM windows must never
overlap configuration space as defined by CCSRBAR. It ispossible to have SRAM windows overlap local
access windows, but thisis discouraged because processor and snoopable 1/0 transactions would map to
the SRAM while non-snooped I/0 transactions would be mapped by the local accesswindows. Only if all
accessesto the SRAM addressrange are snoopable can results be consistent if the SRAM window overlaps
alocal access window.

See Section 7.3.1.3.1, “L2 Memory-Mapped SRAM Base Address Registers 0-1 (L2SRBARnN),” for
information about configuring SRAM windows.

2.2.2 Window into Configuration Space

CCSRBAR defines awindow used to access all memory-mapped configuration, control, and status
registers. No address trandation is done, so there are no associated translation address registers. The
window is always enabled with afixed size of 1 Mbyte; no other attributes are attached, so thereisno
associated size/attribute register. Thiswindow awaystakes precedence over all local accesswindows. See
Section 4.3.1.1.2, “ Configuration, Control, and Status Base Address Register (CCSRBAR),” and
Section 2.3, “ Configuration, Control, and Status Register Map.”

2.2.3 Local Access Windows

As demonstrated in the address map overview in Section 2.1, “Local Memory Map Overview and
Example,” local accesswindows associate arange of thelocal 36-bit address space with aparticular target
interface. Thisallowstheinternal interconnections of the MPC8544E to route atransaction fromits source
to the proper target. No address trandation is performed. The base address defines the high order address
bitsthat give the location of the window in the local address space. The window attributes enable the
window, define its size, and specify the target interface.

With the exception of configuration space (mapped by CCSRBAR), on-chip SRAM regions (mapped by
L2SRBAR registers), and default boot ROM, all addresses used by the system must be mapped by alocal
access window. Thisincludes addresses that are mapped by inbound ATMU windows; target mappings of
inbound ATMU windows and local access windows must be consistent.

The local access window registers exist as part of the local access block in the general utilities registers.
See Section 2.3.4, “General Utilities Registers.” A detailed description of the local access window
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registersis given in the following sections. Note that the minimum size of awindow is 4 Kbytes, so the
low order 12 bits of the base address cannot be specified.

2.2.3.1 Local Access Register Memory Map
Table 2-4 showsthe memory map for the local accessregisters. Inthistable and in the register figures and
field descriptions, the following access definitions apply:

* Reserved fields are aways ignored for the purposes of determining access type.

* R/W,R,and W (read/write, read only, and write only) indicate that all the non-reserved fieldsin a
register have the same access type.

» wilcindicatesthat all of the non-reserved fieldsin aregister are cleared by writing onesto them.
» Mixed indicates a combination of access types.

» Specia isused when no other category applies. Inthis case theregister figure and field description
table should be read carefully.

Table 2-4. Local Access Register Memory Map

Lg(f:fasle?(e:; (:(;y Register Access Reset Section/Page
0x0_OBF8 LAIPBRR1—Local access IP block revision register 1 R 0x0000_0000 | 2.2.3.2/2-6
0x0_OBFC LAIPBRR2—Local access IP block revision register 2 R 0x0000_0000 | 2.2.3.3/2-6
0x0_0C08 LAWBARO—Local access window 0 base address register R/W | 0x0000_0000 | 2.2.3.4/2-7
0x0_0C10 LAWARO—Local access window 0 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_0C28 LAWBAR1—Local access window 1 base address register R/W | 0x0000_0000 | 2.2.3.4/2-7
0x0_0C30 LAWAR1—Local access window 1 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_0C48 LAWBAR2—Local access window 2 base address register R/W | 0x0000_0000 | 2.2.3.4/2-7
0x0_0C50 LAWAR2—Local access window 2 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_0C68 LAWBAR3—Local access window 3 base address register R/W | 0x0000_0000 | 2.2.3.4/2-7
0x0_0C70 LAWARS3—Local access window 3 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_0C88 LAWBAR4—Local access window 4 base address register R/W | 0x0000_0000 | 2.2.3.4/2-7
0x0_0C90 LAWAR4—Local access window 4 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_0CA8 LAWBAR5—Local access window 5 base address register R/W | 0x0000_0000 | 2.2.3.4/2-7
0x0_0CBO LAWARS5—Local access window 5 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_0CC8 LAWBAR6—Local access window 6 base address register R/W | 0x0000_0000 | 2.2.3.4/2-7
0x0_0CDO LAWARG6—Local access window 6 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_O0CES8 LAWBAR7—Local access window 7 base address register R/W | 0x0000_0000 | 2.2.3.4/2-7
0x0_0CFO0 LAWAR7—Local access window 7 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_0D08 LAWBAR8—Local access window 8 base address register R/W | 0x0000_0000 | 2.2.3.4/2-7
0x0_0D10 LAWAR8—Local access window 8 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_0D28 LAWBAR9—Local access window 9 base address register R/W | 0x0000_0000 | 2.2.3.4/2-7
0x0_0D30 LAWAR9—Local access window 9 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
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2.2.3.2 Local Access IP Block Revision Register 1 (LAIPBRR1)

Thelocal access IP block revision register 1 is shown in Figure 2-2.
Offset 0x0_OBF8 Access: Read only

0 ‘ 15| 16 23 | 24 31
R IP_ID IP_MJ IP_MN
W
Reset All zeros

Figure 2-2. Local Access IP Block Revision Register 1 (LAIPBRR1)

Table 2-5 describes LAIPBRR1 fields.
Table 2-5. LAIPBRR1 Field Descriptions

Bits Name Description

0-15 IP_ID IP block ID

16-23 1P_MJ Major revision

24-31 IP_MN Minor revision

2.2.3.3 Local Access IP Block Revision Register 2 (LAIPBRR2)

Thelocal access IP block revision register 2 is shown in Figure 2-3.
Offset 0x0_OBFC Access: Read only

0 7|8 15| 16 23 | 24 31
R IP_INT IP_CFG
W
Reset All zeros

Figure 2-3. Local Access IP Block Revision Register 2 (LAIPBRR2)

Table 2-6 describes LAIPBRR2 fields.
Table 2-6. LAIPBRR2 Field Descriptions

Bits Name Description

0-7 — Reserved

8-15 IP_INT IP block integration options

16-23 — Reserved

24-31 IP_CFG |IP block configuration options
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2.2.3.4 Local Access Window n Base Address Registers
(LAWBARO-LAWBARY9)

Figure 2-4 shows the bit fields of the LAWBARnN registers.

Offset LAWBARO: 0x0_0C08 LAWBARS5: 0x0_0CA8 Access: Read/Write
LAWBAR1: 0x0_0C28 LAWBARSG: 0x0_0CC8
LAWBAR2: 0x0_0C48 LAWBAR7: 0x0_0CES8
LAWBARS3: 0x0_0C68 LAWBARS: 0x0_0D08
LAWBAR4: 0x0_0C88 LAWBAR9: 0x0_0D28

0 718 31

— BASE_ADDR

Reset All zeros

Figure 2-4. Local Access Window n Base Address Registers (LAWBARO-LAWBAR?7)

Table 2-7 describes LAWBARN fields.
Table 2-7. LAWBARN Field Descriptions

Bits Name Description

0-7 — Write reserved, read = 0

8-31 | BASE_ADDR | Identifies the 24 most-significant address bits of the base of local access window n. The
specified base address should be aligned to the window size, as defined by LAWARN[SIZE].

2.2.3.5 Local Access Window n Attributes Registers (LAWARO-LAWAR9)
Figure 2-5 shows the bit fields of the LAWARnN registers.

Offset LAWSRO0: 0xC10 LAWSR5: 0xCBO Access: Read/Write
LAWSR1: 0xC30 LAWSRG6: 0xCDO
LAWSR2: 0xC50 LAWSR7: OxCFO
LAWSR3: 0xC70 LAWSRS: 0xD10
LAWSR4: 0xC90 LAWSR9: 0xD30
0o 1 718 1112 25 26 31
R
EN — TRGT_ID — SIZE
w
Reset All zeros

Figure 2-5. Local Access Window n Attributes Registers (LAWARO-LAWAR?7)

Table 2-8 describes LAWARN fields.

Table 2-8. LAWARN Field Descriptions

Bits Name Description

0 EN 0 The local access window n (and all other LAWARnN and LAWBARR fields) are disabled.
1 The local access window n is enabled and other LAWARnN and LAWBARR fields combine to
identify an address range for this window.

1-7 — Write reserved, read =0
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Table 2-8. LAWARN Field Descriptions (continued)

Bits Name Description

8-11 TRGT_ID |Identifies the target interface ID when a transaction hits in the address range defined by this
window. Note that configuration registers and SRAM regions are mapped by the windows defined
by CCSRBAR and L2SRBAR. These mappings supersede local access window mappings, so
configuration registers and SRAM do not appear as a target for local access windows.

0000 PCI

0001 PCI Express 2

0010 PCI Express 1

0011 PCI Express 3

0100 Local bus memory controller
0101-1011Reserved

1100 Reserved
1101-1110Reserved

1111 DDR SDRAM

12-25 — Write reserved, read =0

26-31 SIZE Identifies the size of the window from the starting address. Window size is 2(8ZE+1) pytes.
000000—-001010Reserved

001011 4 Kbytes

001100 8 Kbytes

00110116 Kbytes

....... 2(SIZE+1) pytes

100010 32 Gbytes

100011-111111Reserved

2.2.3.6 Precedence of Local Access Windows

If two local access windows overlap, the lower numbered window takes precedence. For instance, if two
windows are set up as shown in Table 2-9, local access window 1 governs the mapping of the 1-Mbyte
region from 0x0_7FF0_0000 to Ox0_7FFF_FFF, even though the window described in local access
window 2 also encompasses that memory region.

Table 2-9. Overlapping Local Access Windows

Window Base Address Size Target Interface
1 0x0_7FF0_0000 1 Mbyte |0b0100 (Local bus controller —LBC)
2 0x0_0000_0000 2 Gbytes |0b1111 (DDR SDRAM)

2.23.7 Configuring Local Access Windows

Once alocal access window is enabled, it should not be modified while any device in the system may be
using the window. Neither should a new window be used until the effect of the write to the window is
visible to all blocks that use the window. This can be guaranteed by completing aread of the last local
access window configuration register before enabling any other devices to use the window. For instance,
if local access windows 0-3 are being configured in order during the initialization process, the last write
(to LAWARR) should be followed by aread of LAWARS3 before any devicestry to use any of these
windows. If the configuration is being done by the local €500 processor, the read of LAWARS should be
followed by an isync instruction.
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2.2.3.8 Distinguishing Local Access Windows from Other Mapping Functions

It isimportant to distinguish between the mapping function performed by the local access windows and
the additional mapping functionsthat happen at the target interface. The local access windows define how
atransaction is routed through the MPC8544E internal interconnects from the transactions source to its
target. After the transaction has arrived at its target interface, that interface controller may perform
additional mapping. For instance, the DDR SDRAM controller has chip select registersthat map amemory
request to a particular external device. Similarly, the local bus controller has base registers that perform a
similar function. The PCI and PCI Expressinterfaces have outbound addresstrans ation and mapping units
that map the local address into an external address space.

These other mapping functions are configured by programming the configuration, control, and status
registers of the individual interfaces. Note that there is no need to have a one-to-one correspondence
between local access windows and chip select regions or outbound ATMU windows. A single local access
window can be further decoded to any number of chip selects or to any number or outbound ATMU
windows at the target interface.

2.2.3.9 lllegal Interaction Between Local Access Windows and DDR
SDRAM Chip Selects

If alocal accesswindow maps an addressto aninterface other than the DDR SDRAM controller, thenthere
should not be avalid chip select configured for the same addressin the DDR SDRAM controller. Because
DDR SDRAM chip selects boundaries are defined by a beginning and ending address, it is easy to define
them so that they do not overlap with local access windows that map to other interfaces.

224 Outbound Address Translation and Mapping Windows

Outbound address transl ation and mapping refers to the trandation of addresses from the local 36-bit
address space to the external address space and attributes of aparticular 1/0 interface. On the MPC8544E,
the following blocks have outbound address translation and mapping units (ATMUS):

« PCI

* PCI Express
The PCI controller has four outbound ATMU windows plus a default window. The PCI outbound ATMU
registersinclude extended translation address registers so that up to 64 bits of external address space can

be supported. See Section 17.3.1.2, “PCl ATMU Outbound Registers,” for a detailed description of the
PCI outbound ATMU windows.

The PCI Express interface has four outbound ATMU windows plus a default window. The PCI Express
outbound ATMU registers include an extended translation address register so that up to 64 bits of external
address space can be supported.See Section 18.3.5.1, “PCI Express Outbound ATMU Registers’ for a
detailed description of the PCI Express outbound ATMU windows.

2.2.5 Inbound Address Translation and Mapping Windows

Inbound address trand ation and mapping refersto the translation of an address from the external address
space of an 1/0 interface (such as PCl address space) to the local 36-bit address space understood by the
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internal interfaces of the MPC8544E. It also refers to the mapping of transactions to a particular target
interface and the assignment of transaction attributes. The PCI and the PCI Express controllers have
inbound address translation and mapping units (ATMUs).

2.2.5.1 PCI Inbound ATMU

The PCI controller has three general inbound ATMU windows plus a dedicated window for memory
mapped configuration accesses (PCSRBAR). These windows have a one-to-one correspondence with the
base addressregistersinthe PCI programming model . Updating one automatically updatesthe other. There
is no default inbound window; if a PCl address does not match one of the inbound ATMU windows, the
MPC8544E does not respond with an assertion of PCI_DEV SEL. See Section 17.3.1.3, “PCI ATMU
Inbound Registers,” for adetailed description of the PCI inbound ATMU windows.

2.25.2 PCI Express Inbound ATMU

The PCI Express controller has three inbound ATMU windows plus a default. See Section 18.3.5.1, “PCl
Express Outbound ATMU Registers,” for a detailed description of the PCI Express inbound ATMU
windows.

2253 lllegal Interaction Between Inbound ATMUs and Local Access Windows

Since both loca access windows and inbound ATMUs map transactions to atarget interface, it is essential
that they not contradict one another. For instance, it isa programming error to have an inbound ATMU map
atransactionto the DDR SDRAM memory controller (target interface 0b1111) if the resulting trandl ated local
addressismapped to PCI (target interface 0b0000) by alocal access window. Such aprogramming error may
result in unpredictable system deadl ocks.

2.3 Configuration, Control, and Status Register Map

All of the memory mapped configuration, control, and status registers in the MPC8544E are contained
within a 1-Mbyte address region. To alow for flexibility, the configuration, control, and status block is
relocatable in the local address space. The local address map location of this register block is controlled
by the configuration, control, and status registers base addressregister (CCSRBAR), see Section 4.3.1.1.2,
“Configuration, Control, and Status Base Address Register (CCSRBAR).” The default value for
CCSRBAR is 4 Gbytes—9 Mbytes, or 0x0_FF70_0000.

NOTE

The configuration, control, and status window must not overlap alocal
access window that maps to the DDR controller. Otherwise, undefined
behavior occurs.

2.3.1 Accessing CCSR Memory from the Local Processor

When thelocal €500 processor isused to configure CCSR space, the CCSR memory space should typically
be marked as cache-inhibited and guarded.
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In addition, many configuration registers affect accessesto other memory regions; therefore writesto these
registers must be guaranteed to have taken effect before accesses are made to the associated memory
regions.

To guarantee that the results of any sequence of writesto configuration registers are in effect, the fina
configuration register write should be chased by aread of the same register, and that should be followed
by aSY NC instruction. Then accesses can safely be madeto memory regions affected by the configuration
register write.

2.3.2 Accessing CCSR Memory from External Masters

In addition to being accessible by the €500 processor, the configuration, control, and status registers are
accessible from external interfaces. This alows external masters on the 1/0 ports to configure the
MPCB8544E.

External masters do not need to know thelocation of the CCSR memory intheloca address map. Rather, they
access this region of the local memory map through a window defined by aregister in the interface
programming modd that is accessible to the external master from its external memory map.

The PCI base address for accessing the local CCSR memory is selectable through the PCI configuration
and status register base address register (PCSRBAR), at offset 0x10, described in Section 17.3.2.11, “PCI
Base Address Registers.” An external PCl master sets this register by running a PCI configuration cycle
to the MPC8544E. Subsequent memory accesses by a PCI master to the PCI address range indicated by
PCSRBAR are translated to the local addressindicated by the current setting of CCSRBAR.

2.3.3 Organization of CCSR Memory

The configuration, control, and status registers of the MPC8544E are grouped according to functional
units. Most functional blocks are alocated a 4-Kbyte address space for registers. Registers that fall into
this category are referred to as general utilities registers. These registers occupy the first 256 K bytes of
CCSR memory.

Registers controlling functionsthat are not particul ar to afunctional unit but to the device as awhole occupy
the highest 256 Kbytes of CCSR memory and are referred to as device-specific registers.

Some functional units, such as the OpenPl C-based interrupt controller have larger address spaces as
defined by their programming models. The registers for these blocks are given their own large regions of
CCSR memory.

Table 2-10. Local Memory Configuration, Control, and Status Register Summary

Offset from CCSRBAR Register Grouping
0x0_0000-0x3_FFFF General utilities

0x4_0000-0x7_FFFF Programmable interrupt controller (PIC)
0x8_0000-0xB_FFFF | Reserved

0xC_0000-0xD_FFFF |Reserved

OxE_0000—0xF_FFFF | Device-specific utilities

MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1

Freescale Semiconductor 2-11



Memory Map

2.3.4 General Utilities Registers

Figure 2-6 provides an overview of the general utilities registers.

General Utilities Registers Memory Block

0x0 0000 cal Access

0x0 1000 ECM
0x0 2000 Memory
0x0 3000 12C
CCSR Memory Block 0x0 4000 DUART
0x0 0000 0x0 5000 Local Bus
0x0 6000
General
Utilities 0x0 8000 PCI
0x0 9000 " p| Express 2
0x0 A000[ g Express 1 B General Utility Block
0x4 0000 0x0 BOOO|pC| Express 3 0xn n000
0x0 C000
PIC General
Registers

0x8 0000 0x2 0000 | 2 Cache
0x2 1000 DMA
Reserved 0x2 4000 oo ATMU
X eTSEC 1 0xn nEQO Error Mgmt
0x2 5000 | 0xn nF00 Debug
0x2 6000 eTSEC 3
0x2 7000
OxE 0000
Device-Specific
Utilities
OXF FFFF 0x3 0000
SEC
| Ox3 FFFF

Figure 2-6. General Utilities Registers Mapping to Configuration, Control,
and Status Memory Block

Figure 2-6 aso shows the organization of registers inside the 4-Kbyte register space allocated to an
individual functional block. The first 3 Kbytes are available for general registers. The next 512 bytes are
dedicated to address translation and mapping registers, if applicable to that particular functional unit (for
example, PCI). If aunit has error management registers, they aretypically placed starting at offset OXEOO
from the beginning of the block’s 4-Kbyte space, and any debug registers are typically placed in the fina
256 bytes of the unit’sregister space starting at offset OxFOO.
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General utilitiesregistersare accessed as 32-bit quantities except for the DUART and | 2c registers, which
are accessed as bytes.

NOTE

Refer to detailed register descriptions for each functional unit for exact
locations, sizes, and access requirements. Some blocks may have exceptions
to the above guidelines.

2.3.5 Interrupt Controller and CCSR

The programmable interrupt controller (PIC) registers are at offset 0x4_0000 from CCSRBAR, see
Figure 2-7. Its programming model follows the OpenPIC architecture. The interrupt controller registers
should only be accessed with 32-bit accesses.

CCSR Register Memory Block

PIC Registers
0x0 0000 —

0x4 0000
General 0x4 1000
Utilities 0x4 1100 Global Cfg
Timers
0x4 1200
O 0000 0x5 0000 External IRQs
0x5 1020 Internal IRQs
PIC ¢ /
0x6 0000
Processor
0x8 0000
0x7 FFFF
Reserved
O0xE 0000
X Device-Specific
Utilities
OxF FFFF

Figure 2-7. PIC Mapping to Configuration, Control, and Status Memory Block

2.3.6 Device-Specific Utilities

The device-specific registers consist of power management, performance monitors, and device-wide
debug utilities (refer to Figure 2-8). These registers are accessible with 32-bit accesses only. Transactions
of other than 32-bit are considered a programming error and operation is undefined.

Reserved bitsin thefollowing register descriptionsare not guaranteed to have predictable values. Software
must preserve the values of reserved bits when writing to aregister. Also, when reading from aregister,
software should not rely on the value of any reserved bit remaining consistent.
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2.4
Table 2-11 lists the MPC8544E memory-mapped registers.

Device-Specific

Registers
0x0 0000 OXE 00001 50041 uilities
E1
General OxE 1000 Perf. Monitor
Utilities OxE 2000
Watchpoint/Debug
0x4 0000
PIC
0x8 0000
Reserved
OxE 0000
Devicg-_Specific

OXF FFFF Utilities | OxF FFFC

Figure 2-8. Device-Specific Register Mapping to Configuration, Control,
and Status Memory Block

Complete CCSR Map

In this table and in the register figures and field descriptions, the following access definitions apply:

Reserved fields are always ignored for the purposes of determining access type.

R/W, R, and W (read/write, read only, and write only) indicate that all the non-reserved fieldsin a
register have the same access type.

wlc indicates that all of the non-reserved fields in aregister are cleared by writing onesto them.
Mixed indicates a combination of access types.
Special isused when no other category applies. In this case theregister figure and field description
table should be read carefully.

NOTE

In the eTSEC (three-speed Ethernet controller) section of the following
table, registers denoted with an asterisk (*) are new to the enhanced TSEC
(eTSEC) and are not supported by PowerQUICC |11 TSECs.
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Table 2-11. CCSR Block Base Address Map

Memory Map

Block Base Address Block Section/Page Comments
(Hex)
General Utilities (0x0_0000-0x3_FFFF)

0x0_0000 Local access registers 4.3.1/4-4 0x0_0000: Configuration, control,
and status registers
0x0_OBF8: Local access window
base and size registers

0x0_1000 €500 coherency module (ECM) 8.2/8-3

0x0_2000 DDR memory controller 9.4/9-9

0x0_3000 I2C controllers (2) 10.3/10-9 I2C controller 1: 0x0_3000
[2C controller 2: 0x0_3100

0x0_4000 DUART 13.3/13-4 UARTO: 0x0_4500
UART1: 0x0_4600

0x0_5000 Local bus controller (LBC) 14.3/14-8

0x0_6000— Reserved

0x0_7FFF

0x0_8000 PCI controllers 17.3/17-11

0x0_9000 PCI Express controller 2 18.3/18-5 PCI Express controller 1 is located
at 0x0_AO000. PCI Express
controller 3 is located at 0x0_B000.

0x0_A000 PCI Express controller 1 18.3/18-5 PCI Express controller 2 is located
at 0x0_9000. PCI Express controller
3 is located at 0x0_B000.

0x0_B000 PCI Express controller 3 18.3/18-5 PCI Express controller 1 is located
at 0x0_A000. PCI Express
Controller 2 is located at 0x0_9000.

0x0_C000- Reserved

0x1_FFFF

0x2_0000 L2/SRAM memory-mapped configuration 7.3/7-8

0x2_1000 DMA controller 16.3/16-6 DMAO: 0x2_1100
DMA1: 0x2_1180
DMAZ2: 0x2_1200
DMA3: 0x2_1280
General Status: 0x2_1300

0x2_2000— Reserved

0x2_3FFF

0x2_4000 eTSECH1 15.5/15-13

0x2_5000 Reserved

0x2_6000 eTSEC3 15.5/15-13

0x2_7000— Reserved

0x3_O0FFF
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Memory Map

Table 2-11. CCSR Block Base Address Map (continued)

Block Base Address Block Section/Page Comments
(Hex)
0x3_1000— Reserved
0x3_1004
0x3_1008 Integrated security engine 12.2/12-10
0x3_100C— Reserved
0x3_FFFF
Programmable Interrupt Controller (PIC) (0x4_0000-0x7_FFFF)
0x4_0000 PIC—Giobal registers 10.3.1/10-18
0x5_0000 PIC—Interrupt source configuration registers 10.3.7/10-39
0x6_0000 PIC— Per-CPU registers 10.3.8/10-44
0x7_0000— Reserved
0x7_FFFF
Reserved (0x8_0000-0xD_FFFF)
Device Specific Utilities (0xE_0000-0xF_FFFF)
0xE_0000 Global Utilities 19.4/19-3
OxE_1000 Performance Monitor 20.3/20-3
OxE_2000 Watchpoint Monitor and Trace Buffer 21.3/21-10
OxE_3000— Reserved
OxF_FFFF
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Chapter 3
Signal Descriptions

This chapter describes the MPC8544E external signals. It is organized into the following sections:

* Overview of signals and cross-references for signals that serve multiple functions, including two
lists: one by functional block and one alphabetical

» List of reset configuration signals

» Listof output signal states at reset

NOTE
A bar over asignal nameindicates that the signal is active low, such as
IRQ_OUT (interrupt out). Active-low signals are referred to as asserted
(active) when they arelow and negated when they are high. Signalsthat are
not activelow, such asIRQ (interrupt input), arereferred to as asserted when
they are high and negated when they are low.

Internal signals are shown throughout this document as lower case and in
italics. For example, sys logic_clkisaninternal signa. These are discussed
only as necessary for understanding the external functionality of the device.

3.1 Signals Overview

The MPCB8544E signals are grouped as follows:

* PCl interface signals

 1°Cinterface signals

» System control, general-purpose i nput/output, power management, and debug signals
» Test, JTAG, configuration, and clock signals
» PCl Express 1, 2, and 3 interface signals

* €eTSEC 1and 3interface signals

» DDR memory interface signals

* Local businterface signals

* DMA interface signals

* PICinterfacesignas

* DUART interface signals

» Configuration signals

Figure 3-1, Figure 3-2, and Figure 3-3 illustrate the external signals of the MPC8544E, showing how the
signals are grouped. Refer to the MPC8544E Integrated Processor Hardware Specifications for a pinout
diagram showing pin numbers and alisting of all the electrical and mechanical specifications. Note that
these figures show multiplexed signals multiple times.
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Signal Descriptions
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Figure 3-1. MPC8544E Signal Groupings (1/3)
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Signal Descriptions
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Figure 3-2. MPC8544E Signal Groupings (2/3) (Continued)
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Signal Descriptions
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Figure 3-3. MPC8544E Signal Groupings (3/3) (Continued)
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Signal Descriptions

Note that individual chapters of this document provide details for each signal, describing each signal’s

behavior when the signal is asserted or negated and when the signal is an input or an output.

The following tables provide summaries of signal functions. Table 3-1 lists signals grouped by function,
and Table 3-2 listssignalsa phabetically. Thesetablesdetail the signal name, interface, aternatefunctions,
number of signals, and whether the signal is an input, output, or bidirectional. The direction of the

multiplexed signals applies for the primary signal function listed in the left-most column of the table for
that row (and does not apply for the state of the reset configuration signals). Finally, the tables provide a

pointer to the table where the signal function is described.

Table 3-1. MPC8544E Signal Reference by Functional Block

Name Description Fu;(l:(t)i((:)knal Alternate Function(s) S'\il;ﬁ:lfs 1/0 T:;;:/
MDQJ[0:63] DDR data DDR memory — 64 1/0 9-3/9-5
MECC[0:7] DDR error correcting code DDR memory — 8 I/0 9-3/9-5
MDMI[0:7] DDR data mask DDR memory — 8 0] 9-3/9-5

MDM8 DDR ECC data mask DDR memory — 1 (0] 9-3/9-5
MDQSI[0:7] DDR data strobe DDR memory — 8 1/0 9-3/9-5

MDQS8 DDR ECC data strobe DDR memory — 1 1/0 9-3/9-5

MDQS|0:8] DDR ECC data strobe DDR memory — 9 1/0 9-3/9-5
(complement)

MBA[2:0] DDR bank select DDR memory — 3 0] 9-3/9-5

MA[15:0] DDR address DDR memory — 16 @) 9-3/9-5

MWE DDR write enable DDR memory — 1 0 9-3/9-5

MRAS DDR row address strobe DDR memory — 1 0 9-3/9-5

MCAS DDR column address strobe DDR memory — 1 0 9-3/9-5
MCSJ[0:3] DDR chip select (2/DIMM) DDR memory — (0] 9-3/9-5
MCKE[0:3] DDR clock enable DDR memory — 4 0] 9-3/9-5
MCK][0:5], DDR differential clocks (3 DDR memory — 12 (0] 9-3/9-5

MCK{0:5] pairs/DIMM)
MODTI[0:3] DRAM On-Die Termination DDR memory — 4 (0]
MDIC[0:1] Driver impedence calibration Debug/ — 2 1/0
DDR memory
PCI_AD[31:0] PCI address/data PCI — 32 1/0 17-2/17-6
PCI_C/BE[3:0] PCIl command/byte enable PCI — 4 110 17-2/17-6
PCI_PAR PCI parity PCI — 1 1/0 17-2/17-6
PCI_FRAME |PCl frame PCI — 1 /o | 17-217-6
PCI_TRDY PCl target ready PCI — 1 1/0 17-2/17-6
PCI_IRDY PCl initiator ready PCI — 1 I/0 17-2/17-6
PCI_STOP PCl stop PCI — 1 I/0 17-2/17-6
PCI_DEVSEL | PClI device select PCI — 1 /0| 17-2/17-6
PCI_IDSEL PCl initial device select PCI — 1 I 17-2/17-6

MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1

Freescale Semiconductor

3-5




Signal Descriptions

Table 3-1. MPC8544E Signal Reference by Functional Block (continued)

Name Description Fu;(l:;i:knal Alternate Function(s) S'\il:ﬁ:lfs 1/0 T:;;:/
PCI_PERR PCI parity error PCI — 1 I/0 17-2/17-6
PCI_SERR PCl system error PCI — 1 I/0 17-2/17-6
PCI_REQO PCl request 0 PCI — 1 I/0 17-2/17-6

PCI_REQ[4:1] |PCl request 41 PCI — 4 I 17-2/17-6
PCI_GNTO PCl grant 0 PCI — 1 I/0 17-2/17-6
PCI_GNTH1 PCI grant 1 PCI cfg_pci_impd 1 0 17-2/17-6
PCI_GNT2 PCI grant 2 PCI cfg_pci_arb 1 0 17-2/17-6
PCI_GNT3 PCI grant 3 PCI cfg_pci_speed 1 0 17-2/17-6
PCI_GNT4 PCI grant 4 PCI cfg_pci_clk 1 0 17-2/17-6

PCI_CLK PCI clock PCI — 1 | 17-2/17-6

EC_GTX_CLK125 | Gigabit reference clock Gigabit clock — 1 I 17-2/17-6

EC_MDC Ethernet management data Ethernet — 1 (e} 17-2/17-6
clock management

EC_MDIO Ethernet management data Ethernet — 1 1/0 17-2/117-6
in/out management

TSEC1_TXD7 TSECH1 transmit data 7 eTSEC1 FIFO1_TXD7 1 0] 15-2/15-9

TSEC1_TXD[6:4] | TSEC1 transmit data 6—4 eTSEC1 FIFO1_TXDI[6:4] 3 (0] 15-2/15-9
/cfg_rom_loc[0:2]

TSEC1_TXD3 TSEC1 transmit data 3 eTSEC1 FIFO1_TXD3 1 0] 15-2/15-9

TSEC1_TXD2 TSEC1 transmit data 2 eTSEC1 FIFO1_TXD2 1 (0] 15-2/15-9
/cfg_etsec1_serial

TSEC1_TXD1 TSEC1 transmit data 1 eTSEC1 FIFO1_TXD1 1 (0] 15-2/15-9
/cfg_etsec1_prtcl[1]

TSEC1_TXDO TSEC1 transmit data 0 eTSEC1 FIFO1_TXDO 1 (0] 15-2/15-9
/cfg_etsec1_prtcl[0]

TSEC1_TX_EN | TSECH1 transmit enable eTSEC1 FIFO1_TX_EN 1 (0] 15-2/15-9

TSEC1_TX_ER | TSECH1 transmit error eTSECH1 FIFO1_TX_ER 1 (0] 15-2/15-9
/cfg_etsec1_reduce

TSEC1_TX_CLK |TSEC1 transmit clock in eTSEC1 FIFO1_TX_CLK 1 I 15-2/15-9

TSEC1_GTX_CLK | TSECH1 transmit clock out eTSECH1 _ 1 (0] 15-2/15-9

TSEC1_CRS TSECH1 carrier sense eTSECH1 FIFO1_RX_FC 1 1/0 15-2/15-9

TSEC1_COL TSECH1 collision detect eTSEC1 FIFO1_TX_FC 1 | 15-2/15-9

TSEC1_RXDJ[7:0] | TSEC1 receive data eTSEC1 FIFO1_RXDI[7:0] 8 I 15-2/15-9

TSEC1_RX_DV | TSECH1 receive data valid eTSEC1 FIFO1_RX_DV 1 | 15-2/15-9

TSEC1_RX_ER | TSECH1 receiver error eTSECH1 FIFO1_RX_ER 1 | 15-2/15-9

TSEC1_RX_CLK |TSECH1 receive clock eTSEC1 FIFO1_RX_CLK 1 I 15-2/15-9

TSEC3_TXD7 TSECS3 transmit data 7 eTSECS FIFO3_TXD7 1 0] 15-2/15-9
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Table 3-1. MPC8544E Signal Reference by Functional Block (continued)

Signal Descriptions

Name Description Fu;(l:;i:knal Alternate Function(s) S'\il:ﬁ:lfs 1/0 T:;;:/
TSEC3_TXD[6:4] | TSECS transmit data [6:4] eTSECS FIFO3_TXDI[6:4] 3 (0] 15-2/15-9
/cfg_io_ports[0:2]
TSEC3_TXD3 TSEC3 transmit data 3 eTSEC3 FIFO3_TXD3 1 O 15-2/15-9
TSEC3_TXD2 TSECS3 transmit data 2 eTSECS3 FIFO3_TXD2 1 (0] 15-2/15-9
cfg_etsec3_serial
TSEC3_TXDJ[1:0] | TSECS transmit data 1-0 eTSECS3 FIFO3_TXDI[1:0] 2 (0] 15-2/15-9
cfg_etsec3_prtcl[1:0]
TSEC3_TX_EN | TSECS transmit enable eTSECS3 FIFO3_TX_EN 1 (0] 15-2/15-9
TSEC3_TX_ER | TSECS transmit error eTSECS3 FIFO3_TX_ER 1 (0] 15-2/15-9
cfg_etsec3_reduce
TSEC3_TX_CLK | TSECS transmit clock in eTSECS3 FIFO3_TX_CLK 1 I 15-2/15-9
TSEC3_GTX_CLK | TSECS3 transmit clock out eTSEC3 — 1 0] 15-2/15-9
TSEC3_CRS TSECS carrier sense eTSEC3 FIFO3_RX_FC 1 1/0 15-2/15-9
TSEC3_COL TSECS3 collision detect eTSEC3 FIFO3_TX_FC 1 | 15-2/15-9
TSEC3_RXDI[7:0] | TSEC3 receive data 7-0 eTSECS FIFO3_RXDI[7:0] 8 I 15-2/15-9
TSEC3_RX_DV | TSECS receive data valid eTSECS3 FIFO3_RX_DV 1 | 15-2/15-9
TSEC3_RX_ER | TSECS3 receive error eTSECS3 FIFO3_RX_ER 1 | 15-2/15-9
TSEC3_RX_CLK | TSECS receive clock eTSECS3 FIFO3_RX_CLK 1 I 15-2/15-9
LADI[0:31] Local bus address/data LBC cfg_gpinput[0:31] 32 1/0 14-2/14-5
LDP[0:3] Local bus data parity LBC — 4 1/0 14-2/14-5
LA27 Local bus burst address LBC cfg_cpu_boot 1 0] 14-2/14-5
LA[28:31] Local bus port address LBC cfg_sys_pll[0:3] 4 0] 14-2/14-5
LCS[0:4] Local bus chip select 0—4 LBC — 5 (0] 14-2/14-5
LCS5 Local bus chip select 5 LBC DMA_DREQ2 1 I/0 14-2/14-5
LCS6 Local bus chip select 6 LBC DMA_DACK?2 1 0 14-2/14-5
LCS7 Local bus chip select 7 LBC DMA_DDONE2 1 0 14-2/14-5
LWEO Local bus write enable LBC _ 1 0 14-2/14-5
/LBSO /byte select 0
W_Eh :3)/ Local bus write enable LBC cfg_host_agt[0:2] 3 (0] 14-2/14-5
LBS[1:3] /byte select 1-3
LBCTL Local bus data buffer control LBC cfg_core_pll[0] 1 (0] 14-2/14-5
LALE Local bus address latch enable LBC cfg_core_pli[1] 1 (0] 14-2/14-5
LGPLO Local bus UPM general purpose LBC cfg_dram_type[0] 1 (0] 14-2/14-5
line 0
LGPLA1 Local bus GP line 1 LBC cfg_dram_type[1] 1 0] 14-2/14-5
LGPL2 Local bus GP line 2 LBC cfg_core_pll[2] 1 (0] 14-2/14-5
/LOE /output enable
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Signal Descriptions

Table 3-1. MPC8544E Signal Reference by Functional Block (continued)

Name Description Fu;(l:(t)i((:)knal Alternate Function(s) S'\il;ﬁ:lfs 1/0 T:;;:/
LGPL3 Local bus GP line 3 LBC cfg_boot_seq[0] 1 0] 14-2/14-5
LGPL4 Local bus GP line 4 LBC — 1 I/0 14-2/14-5
/LGTA/ /GPCM terminate access
LUPWAIT /UPM wait
LGPL5 Local bus GP line 5 address LBC cfg_boot_seq[1] 1 (0] 14-2/14-5
LCKE Local bus clock enable LBC — 1 (0] 14-2/14-5
LCLK[0:2] Local bus clock LBC — 3 (0] 14-2/14-5
LSYNC_IN Local bus DLL synchronization LBC — 1 | 14-2/14-5
LSYNC_OUT Local bus DLL synchronization LBC — 1 (0] 14-2/14-5
DMA_DREQ[0:1] |DMA request 01 DMA — 2 I 16-3/16-6
DMA_DREQ2 |DMA request 2 DMA LCS5 1 I 16-3/16-6
DMA_DREQ3 |DMA request 3 DMA IRQ9 1 [ 16-3/16-6
DMA_DACK[0:1] | DMA acknowledge 0-1 DMA — 2 o] 16-3/16-6
DMA_DACK2 |DMA acknowledge 2 DMA LCS6 1 0 16-3/16-6
DMA_DACK3 | DMA acknowledge 3 DMA IRQ10 1 0 16-3/16-6
DMA_DDONE[0:1] | DMA done 0—1 DMA — 2 0 16-3/16-6
DMA_DDONE2 |DMA done 2 DMA LCS7 1 0 16-3/16-6
DMA_DDONE3 | DMA done 3 DMA IRQ11 1 0 16-3/16-6
MCP Machine check processor PIC — 1 | 10-5/10-8
UDE Unconditional debug event PIC — 1 | 10-5/10-8
IRQ[0:8] External interrupt 0—8 PIC — 9 | 10-5/10-8
IRQ9 External interrupt 9 PIC DMA_DREQ3 1 I 10-5/10-8
IRQ10 External interrupt 10 PIC DMA_DACK3 1 I 10-5/10-8
IRQ11 External interrupt 11 PIC DMA_DDONE3 1 I 10-5/10-8
IRQ_OUT Interrupt output PIC — 1 o] 10-5/10-8
UART_SIN[0:1] | DUART serial data in Dual UART — 2 [ 13-2/13-3
UART_SOUTI[0:1] | DUART serial data out Dual UART — 2 0 13-2/13-3
UART_CTS[0:1] | DUART clear to send Dual UART — 2 I 13-2/13-3
UART_RTS[0:1] | DUART ready to send Dual UART — 2 0 13-2/13-3
IIC1_SDA I°C serial data l’c — 1 1/0 11-2/11-4
lIC1_SCL I°C serial clock 1’C — 1 /0| 11-2/11-4
lIC2_SDA I°C serial data l’c — 1 1/0 11-2/11-4
lIC2_SCL I°C serial clock 1’C — 1 /0| 11-2/11-4
SD1_RX[3:0], Receive data, PCI Express 1 — 8 |
SD1_RX[3:0] receive data complement
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Table 3-1. MPC8544E Signal Reference by Functional Block (continued)

Signal Descriptions

i Functional . No. of Table/
Name Description Block Alternate Function(s) Signals 1/0 Page
SD1_RX[7:4], Receive data, PCI Express 2 — 8 |
SD1_RX[7:4] receive data complement
SD1_TX[3:0], Transmit data, PCI Express 1 — 8 (@]
SD1_TX[3:0] transmit data complement
SD1_TX[7:4], Transmit data, PCI Express 2 — 8 (0]
SD1_TX[7:4] transmit data complement
SD1_REF_CLK, |SerDes1 reference clock, PCI Express 1, — 2 |
SD1_REF_CLK |SerDes1 reference clock PCI Express 2
complement
SD2_RX]0], Receive data, PCI Express 3 — 4 |
SD2_RX[0] receive data complement
SD2_RX[3:2], Receive data, SGMII — 4 |
SD2_RX[3:2] receive data complement
SD2_TX][0], Transmit data, PCI Express 3 — 4 (0]
SD2_TX][0] transmit data complement
SD2_TX[3:2], Transmit data, SGMII — 4 (@]
SD2_TX[3:2] transmit data complement
SD2_REF_CLK, |SerDes2 reference clock, PCI Express 3, — 2 |
SD2_REF_CLK | SerDes2 reference clock SGMII
complement
HRESET Hard reset System control — 1 | 4-2/4-2
HRESET_REQ Hard reset request System control — 1 (0] 4-2/4-2
SRESET Soft reset System control — 1 | 4-2/4-2
CKSTP_IN Checkstop in System control — 1 | 19-2/19-2
CKSTP_OUT Checkstop out System control — 1 (0] 19-2/19-2
GPOUTI[0:7] General-purpose output General- — 8 (0] 19-2/19-2
purpose outputs 19.4.1.9/19-12
GPINI[0:7] General-purpose input General- — 8 | 19-2/19-2
purpose inputs 19.4.1.9/19-12
READY Device ready System control TRIG_OUT 1 (0] 4-2/4-2
ASLEEP Asleep Power mgmt — 1 (0] 19-2/19-2
TRIG_IN Watchpoint trigger in Debug — 1 | 21-4/21-8
TRIG_OUT Watchpoint trigger out Debug READY 1 (0] 21-4/21-8
MSRCIDO Memory debug source port ID 0 Debug cfg_mem_debug 1 (0] 21-3/21-7
MSRCID1 Memory debug source port ID 1 Debug cfg_ddr_debug 1 (0] 21-3/21-7
MSRCID[2:4] Memory debug source port ID Debug — 3 (0] 21-3/21-7
2-4
MDVAL Memory debug data valid Debug — 1 (0] 21-3/21-7
LSSD_MODE LSSD mode Test — 1 I 21-5/21-8
L1_TSTCLK L1 test clock Test — 1 | 21-5/21-8
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Signal Descriptions

Table 3-1. MPC8544E Signal Reference by Functional Block (continued)

Name Description Fu;(l:(t)i((:)knal Alternate Function(s) S'\il;ﬁ:lfs 1/0 T:;;:/
L2_TSTCLK L2 test clock Test — 1 | 21-5/21-8
TEST_SEL Test select Test — 1 | 21-5/21-8

TEMP_ANODE | Thermal diode access Test — 2 | 21-5/21-8
TEMP_CATHODE | Thermal diode access Test — 2 | 21-5/21-8
TCK Test clock JTAG — 1 | 21-5/21-8

TDI Test data in JTAG — 1 | 21-5/21-8

TDO Test data out JTAG — 1 (0] 21-5/21-8

T™MS Test mode select JTAG — 1 | 21-5/21-8

TRST Test reset JTAG — 1 | 21-5/21-8

SYSCLK System clock/PCI clock Clock — 1 I 4-3/4-3

RTC Real time clock Clock — 1 | 4-3/4-3
CLK_OUT Clock out Clock — 1 o] 19-2/19-2

Table 3-2. MPC8544E Alphabetical Signal Reference

Name Description Fu;(l:(t)i((:)knal Alternate Function(s) S'\il;ﬁ:lfs 1/0 T:;;:/
ASLEEP Asleep Power mgmt — 1 (0] 19-2/19-2
CKSTP_IN Checkstop in System control — 1 I 19-2/19-2
CKSTP_OUT | Checkstop out System control — 1 0 19-2/19-2
CLK_OUT Clock out Clock — 1 (0] 19-2/19-2
DMA_DACK[0:1] | DMA acknowledge 0-1 DMA — 2 o] 16-3/16-6
DMA_DACK2 |DMA acknowledge 2 DMA LCS6 1 0 16-3/16-6
DMA_DACK3 |DMA acknowledge 3 DMA IRQ10 1 0 16-3/16-6
DMA_DDONE[0:1] | DMA done 0-1 DMA — 2 o 16-3/16-6
DMA_DDONE2 | DMA done 2 DMA LCS7 1 o 16-3/16-6
DMA_DDONE3 | DMA done 3 DMA IRQ11 1 o 16-3/16-6
DMA_DREQ[0:1] |DMA request 01 DMA — 2 I 16-3/16-6
DMA_DREQ2 |DMA request 2 DMA LCS5 1 I 16-3/16-6
DMA_DREQ3 |DMA request 3 DMA IRQ9 1 I 16-3/16-6
EC_GTX_CLK125 | Gigabit reference clock Gigabit clock — 1 I 17-2/17-6
EC_MDC Ethernet management data Ethernet — 1 (e} 17-2/17-6

clock management
EC_MDIO Ethernet management data Ethernet — 1 1/0 17-2/17-6
in/out management

GPINI[0:7] General-purpose input General- — 8 | 19-2/19-2

purpose inputs

19.4.1.9/19-12
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Table 3-2. MPC8544E Alphabetical Signal Reference (continued)

Signal Descriptions

Name Description Fu;(l:;i:knal Alternate Function(s) S'\il:ﬁ:lfs 1/0 T:;;:/
GPOUTI[0:7] General-purpose output General- — 8 (0] 19-2/19-2
purpose outputs 19.4.1.9/19-12
HRESET Hard reset System control — 1 I 4-2/4-2
HRESET_REQ | Hard reset request System control — 1 0 4-2/4-2
lIC1_SCL I2C serial clock 1>C — 1 /O |  11-2/11-4
IIC1_SDA I°C serial data 1’C — 1 /O |  11-2/11-4
lIC2_SCL I2C serial clock 1>C — 1 /O |  11-2/11-4
lIC2_SDA I°C serial data 1’C — 1 /O |  11-2/11-4
IRQ[0:8] External interrupt 0—8 PIC — 9 | 10-5/10-8
IRQ_OUT Interrupt output PIC — 1 o] 10-5/10-8
IRQ10 External interrupt 10 PIC DMA_DACK3 1 I 10-5/10-8
IRQ11 External interrupt 11 PIC DMA_DDONE3 1 I 10-5/10-8
IRQ9 External interrupt 9 PIC DMA_DREQ3 1 I 10-5/10-8
L1_TSTCLK L1 test clock Test — 1 | 21-5/21-8
L2_TSTCLK L2 test clock Test — 1 | 21-5/21-8
LA[28:31] Local bus port address LBC cfg_sys_pll[0:3] 4 0] 14-2/14-5
LA27 Local bus burst address LBC cfg_cpu_boot 1 0] 14-2/14-5
LADI[0:31] Local bus address/data LBC cfg_gpinput[0:31] 32 1/0 14-2/14-5
LALE Local bus address latch enable LBC cfg_core_pli[1] 1 (0] 14-2/14-5
LBCTL Local bus data buffer control LBC cfg_core_pll[0] 1 (0] 14-2/14-5
LCKE Local bus clock enable LBC — 1 (0] 14-2/14-5
LCLK[0:2] Local bus clock LBC — 3 (0] 14-2/14-5
LCS[0:4] Local bus chip select 0—4 LBC — 5 (0] 14-2/14-5
LCS5 Local bus chip select 5 LBC DMA_DREQ2 1 I/0 14-2/14-5
LCS6 Local bus chip select 6 LBC DMA_DACK2 1 0 14-2/14-5
LCS7 Local bus chip select 7 LBC DMA_DDONE2 1 0 14-2/14-5
LDP[0:3] Local bus data parity LBC — 4 1/0 14-2/14-5
LGPLO Local bus UPM general purpose LBC cfg_dram_type[0] 1 (0] 14-2/14-5
line 0
LGPL1 Local bus GP line 1 LBC cfg_dram_type[1] 1 0] 14-2/14-5
LGPL2 Local bus GP line 2 LBC cfg_core_pll[2] 1 (0] 14-2/14-5
/LOE /output enable
LGPL3 Local bus GP line 3 LBC cfg_boot_seq[0] 1 0] 14-2/14-5
I_Gi4 Local bus GP line 4 LBC — 1 1/0 14-2/14-5
/ILGTA/ /GPCM terminate access
LUPWAIT /UPM wait
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Table 3-2. MPC8544E Alphabetical Signal Reference (continued)

Name Description Fu;(l:(t)i((:)knal Alternate Function(s) S'\il;ﬁ:lfs 1/0 T:;;:/
LGPL5 Local bus GP line 5 address LBC cfg_boot_seq[1] 1 (0] 14-2/14-5
LSSD_MODE  |LSSD mode Test — 1 | 21-5/21-8
LSYNC_IN Local bus DLL synchronization LBC — 1 | 14-2/14-5
LSYNC_OUT Local bus DLL synchronization LBC — 1 (0] 14-2/14-5
W_Eh :3)/ Local bus write enable LBC cfg_host_agt[0:2] 3 (0] 14-2/14-5
LBS[1:3] /byte select 1-3
LWEO Local bus write enable LBC _ 1 0 14-2/14-5
/LBSO /byte select 0
MA[15:0] DDR address DDR memory — 16 0] 9-3/9-5
MBA[2:0] DDR bank select DDR memory — 3 0] 9-3/9-5
MCAS DDR column address strobe DDR memory — 1 0 9-3/9-5
MCK][0:5], DDR differential clocks (3 DDR memory — 12 (0] 9-3/9-5
MCK{0:5] pairs/DIMM)
MCKEJ0:3] DDR clock enable DDR memory — 4 0] 9-3/9-5
MCP Machine check processor PIC — 1 | 10-5/10-8
MCSJ[0:3] DDR chip select (2/DIMM) DDR memory — 4 (0] 9-3/9-5
MDIC[0:1] Driver impedence calibration Debug/ — 2 1/0
DDR memory
MDM][0:7] DDR data mask DDR memory — 8 0] 9-3/9-5
MDM8 DDR ECC data mask DDR memory — 1 (0] 9-3/9-5
MDQJ[0:63] DDR data DDR memory — 64 1/0 9-3/9-5
MDQSI[0:7] DDR data strobe DDR memory — 8 1/0 9-3/9-5
MDQS|0:8] DDR ECC data strobe DDR memory — 9 1/0 9-3/9-5
(complement)
MDQS8 DDR ECC data strobe DDR memory — 1 1/0 9-3/9-5
MDVAL Memory debug data valid Debug — 1 (0] 21-3/21-7
MECC[0:7] DDR error correcting code DDR memory — 8 I/0 9-3/9-5
MODTI[0:3] DRAM On-Die Termination DDR memory — 4 (0]
MRAS DDR row address strobe DDR memory — 1 0 9-3/9-5
MSRCIDI[2:4] Memory debug source port ID Debug — 3 (0] 21-3/21-7
2-4
MSRCIDO Memory debug source port ID 0 Debug cfg_mem_debug 1 (0] 21-3/21-7
MSRCID1 Memory debug source port ID 1 Debug cfg_ddr_debug 1 (0] 21-3/21-7
MWE DDR write enable DDR memory — 1 0 9-3/9-5
PCI_AD[31:0] PCI address/data PCI — 32 1/0 17-2/17-6
PCI_C/BE[3:0] PCIl command/byte enable PCI — 4 110 17-2/17-6
PCI_CLK PCI clock PCI — 1 | 17-2/17-6
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Table 3-2. MPC8544E Alphabetical Signal Reference (continued)

Signal Descriptions

i Functional . No. of Table/
Name Description Block Alternate Function(s) Signals 1/0 Page
PCI_DEVSEL PCI device select PCI — 1 1/0 17-2/17-6
PCI_FRAME PCI frame PCI — 1 1/0 17-2/17-6
PCI_GNTO PCl grant 0 PCI — 1 1/0 17-2/17-6
PCI_GNTH1 PCI grant 1 PCI cfg_pci_impd 1 (0] 17-2/17-6
PCI_GNT2 PCI grant 2 PCI cfg_pci_arb 1 (0] 17-2/17-6
PCI_GNT3 PCl grant 3 PCI cfg_pci_speed 1 (0] 17-2/17-6
PCI_GNT4 PCl grant 4 PCI cfg_pci_clk 1 (0] 17-2/17-6
PCI_IDSEL PCl initial device select PCI — 1 I 17-2/17-6
PCI_IRDY PCl initiator ready PCI — 1 1/0 17-2/17-6
PCI_PAR PCI parity PCI — 1 1/0 17-2/17-6
PCI_PERR PCI parity error PCI — 1 1/0 17-2/17-6
PCI_REQ[4:1] PCI request 4-1 PCI — 4 | 17-2/17-6
PCI_REQO PCl request 0 PCI — 1 1/0 17-2/17-6
PCI_SERR PCI system error PCI — 1 1/0 17-2/17-6
PCI_STOP PCI stop PCI — 1 1/0 17-2/17-6
PCI_TRDY PCI target ready PCI — 1 1/0 17-2/17-6
READY Device ready System control TRIG_OUT 1 (0] 4-2/4-2
RTC Real time clock Clock — 1 | 4-3/4-3
SD1_REF_CLK, |SerDes1 reference clock, PCIl Express 1, — 2 |
SD1_REF_CLK |SerDes1 reference clock PCI Express 2
complement
SD1_RX[3:0], Receive data, PCI Express 1 — 8 |
SD1_RX[3:0] receive data complement
SD1_RX[7:4], Receive data, PCI Express 2 — 8 |
SD1_RX[7:4] receive data complement
SD1_TX[3:0], Transmit data, PCI Express 1 — 8 (@]
SD1_TX[3:0] transmit data complement
SD1_TX[7:4], Transmit data, PCI Express 2 — 8 (0]
SD1_TX[7:4] transmit data complement
SD2_REF_CLK, |SerDes2 reference clock, PCI Express 3, — 2 |
SD2_REF_CLK | SerDes2 reference clock SGMII
complement
SD2_RX]0], Receive data, PCI Express 3 — 4 |
SD2_RX[0] receive data complement
SD2_RX[3:2], Receive data, SGMII — 4 |
SD2_RX[3:2] receive data complement
SD2_TX][0], Transmit data, PCI Express 3 — 4 (0]
SD2_TX][0] transmit data complement
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Table 3-2. MPC8544E Alphabetical Signal Reference (continued)

Name Description Fu;(l:(t)i((:)knal Alternate Function(s) S'\il;ﬁ:lfs 1/0 T:;;:/
SD2_TX[3:2], Transmit data, SGMII — 4 (0]
SD2_TX[3:2] transmit data complement
SRESET Soft reset System control — 1 I 4-2/4-2
SYSCLK System clock/PCI clock Clock — 1 I 4-3/4-3
TCK Test clock JTAG — 1 | 21-5/21-8
TDI Test data in JTAG — 1 | 21-5/21-8
TDO Test data out JTAG — 1 O 21-5/21-8
TEMP_ANODE | Thermal diode access Test — 2 | 21-5/21-8
TEMP_CATHODE | Thermal diode access Test — 2 | 21-5/21-8
TEST_SEL Test select Test — 1 | 21-5/21-8
T™MS Test mode select JTAG — 1 | 21-5/21-8
TRIG_IN Watchpoint trigger in Debug — 1 | 21-4/21-8
TRIG_OUT Watchpoint trigger out Debug READY 1 (0] 21-4/21-8
TRST Test reset JTAG — 1 | 21-5/21-8
TSEC1_COL TSECH1 collision detect eTSEC1 FIFO1_TX_FC 1 | 15-2/15-9
TSEC1_CRS TSECH1 carrier sense eTSECH1 FIFO1_RX_FC 1 1/0 15-2/15-9
TSEC1_GTX_CLK | TSECH1 transmit clock out eTSECH1 _ 1 (0] 15-2/15-9
TSEC1_RX_CLK |TSECH1 receive clock eTSEC1 FIFO1_RX_CLK 1 I 15-2/15-9
TSEC1_RX_DV | TSECH1 receive data valid eTSEC1 FIFO1_RX_DV 1 | 15-2/15-9
TSEC1_RX_ER | TSECH1 receiver error eTSECH1 FIFO1_RX_ER 1 | 15-2/15-9
TSEC1_RXDJ[7:0] | TSEC1 receive data eTSEC1 FIFO1_RXDI[7:0] 8 I 15-2/15-9
TSEC1_TX_CLK |TSEC1 transmit clock in eTSEC1 FIFO1_TX_CLK 1 I 15-2/15-9
TSEC1_TX_EN | TSECH1 transmit enable eTSEC1 FIFO1_TX_EN 1 (0] 15-2/15-9
TSEC1_TX_ER | TSECH1 transmit error eTSECH1 FIFO1_TX_ER 1 (0] 15-2/15-9
/cfg_etsec1_reduce
TSEC1_TXD[6:4] | TSEC1 transmit data 6—4 eTSEC1 FIFO1_TXDI[6:4] 3 (0] 15-2/15-9
/cfg_rom_loc[0:2]
TSEC1_TXDO TSEC1 transmit data 0 eTSEC1 FIFO1_TXDO 1 (0] 15-2/15-9
/cfg_etsec1_prtcl[0]
TSEC1_TXD1 TSEC1 transmit data 1 eTSEC1 FIFO1_TXD1 1 (0] 15-2/15-9
/cfg_etsec1_prtcl[1]
TSEC1_TXD2 TSEC1 transmit data 2 eTSEC1 FIFO1_TXD2 1 (0] 15-2/15-9
/cfg_etsec1_serial
TSEC1_TXD3 TSEC1 transmit data 3 eTSEC1 FIFO1_TXD3 1 0] 15-2/15-9
TSEC1_TXD7 TSEC1 transmit data 7 eTSEC1 FIFO1_TXD7 1 0] 15-2/15-9
TSEC3_COL TSECS collision detect eTSEC3 FIFO3_TX_FC 1 | 15-2/15-9
TSEC3_CRS TSECS carrier sense eTSEC3 FIFO3_RX_FC 1 1/0 15-2/15-9
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Table 3-2. MPC8544E Alphabetical Signal Reference (continued)

Signal Descriptions

Name Description Fu;(l:(t)i((:)knal Alternate Function(s) S'\il;ﬁ:lfs 1/0 T:;;:/
TSEC3_GTX_CLK | TSECS transmit clock out eTSEC3 — 1 0] 15-2/15-9
TSEC3_RX_CLK | TSECS receive clock eTSEC3 FIFO3_RX_CLK 1 I 15-2/15-9
TSEC3_RX_DV | TSECS receive data valid eTSECS FIFO3_RX_DV 1 | 15-2/15-9
TSEC3_RX_ER | TSECS3 receive error eTSECS3 FIFO3_RX_ER 1 | 15-2/15-9
TSEC3_RXDI[7:0] | TSEC3 receive data 7-0 eTSECS FIFO3_RXDI[7:0] 8 I 15-2/15-9
TSEC3_TX_CLK | TSECS transmit clock in eTSECS3 FIFO3_TX_CLK 1 I 15-2/15-9
TSEC3_TX_EN | TSECS transmit enable eTSECS3 FIFO3_TX_EN 1 (0] 15-2/15-9
TSEC3_TX_ER | TSECS transmit error eTSECS3 FIFO3_TX_ER 1 (0] 15-2/15-9
cfg_etsec3_reduce
TSEC3_TXDJ[1:0] | TSECS transmit data 1—-0 eTSECS FIFO3_TXDI[1:0] 2 (0] 15-2/15-9
cfg_etsec3_prtcl[1:0]
TSEC3_TXD[6:4] | TSECS transmit data [6:4] eTSECS FIFO3_TXDI[6:4] 3 (0] 15-2/15-9
/cfg_io_ports[0:2]
TSEC3_TXD2 TSECS3 transmit data 2 eTSECS FIFO3_TXD2 1 (0] 15-2/15-9
cfg_etsec3_serial
TSEC3_TXD3 TSEC3 transmit data 3 eTSEC3 FIFO3_TXD3 1 o 15-2/15-9
TSEC3_TXD7 TSECS3 transmit data 7 eTSECS FIFO3_TXD7 1 0] 15-2/15-9
UART_CTS[0:1] |DUART clear to send Dual UART — 2 | 13-2/13-3
UART_RTS|[0:1] | DUART ready to send Dual UART — 2 0 13-2/13-3
UART_SIN[0:1] DUART serial data in Dual UART — 2 | 13-2/13-3
UART_SOUTI[0:1] | DUART serial data out Dual UART — 2 (0] 13-2/13-3
UDE Unconditional debug event PIC — 1 | 10-5/10-8
3.2 Configuration Signals Sampled at Reset

The signals that serve alternate functions as configuration input signals during system reset are

summarized in Table 3-3. The detailed interpretation of their voltage levels during reset is described in
Chapter 4, “ Reset, Clocking, and Initialization.”

Note that throughout this document, the reset configuration signals are described as being sampled at the
negation of HRESET. However, there is a setup and hold time for these signals relative to therising edge
of HRESET, as described in the MPC8544E Integrated Processor Hardware Specifications. Note that the
PLL configuration signals have different setup and hold time requirements than the other reset
configuration signals.

The reset configuration signals are multiplexed with other functional signals. The values on these signals
during reset are interpreted to be logic one or zero, regardless of whether the functional signal nameis
defined as active-low. Most of the reset configuration signals have internal pull-up resistors so that if the
signals are not driven, the default value is high (a one), as shown in the table. Some signals do not have
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Signal Descriptions
pull-up resistors and must be driven high or low during the reset period. For details about all the signals
that require external pull-up resistors, see the MPC8544E I ntegrated Processor Hardware Specifications.

Note that the multiplexing of various signals on the MPC8544E is controlled by the PMUXCR register
described in Chapter 19, “Global Utilities.”

Table 3-3. MPC8544E Reset Configuration Signals

Functional Interface Functional Signal Name Reset C';)anr::guration Default
PCI PCI_GNT4 cfg_pci_clk 1
PCI_GNT3 cfg_pci_speed 1
PCI_GNT2 cfg_pci_arb 1
PCI_GNT1 cfg_pci_impd 1
eTSEC1 TSEC1_TXDI[6:4] cfg_rom_loc[0:2] 111
TSEC1_TXDJ[2] cfg_etsec1_serial 1
TSEC1_TXDJ[1:0] cfg_etsec1_prtcl[1:0] 11
TSEC1_TX_ER cfg_tsec1_reduce 1
eTSEC3 TSEC3_TXDI[6:4] cfg_io_ports[0:2] 111
TSEC3_TXDI[2] cfg_etsec3_serial 1
TSEC3_TXD[1:0] cfg_etsec3_prtcl[1:0] 11
TSEC3_TX_ER cfg_tsec3_reduce 1
LBC LWE_BI0] cfg_sec_freq 1
LAD[0:31] cfg_gpinput[0:31] Indeterminate if not
driven (no default)
LA27 cfg_cpu_boot 1
LA[28:31] cfg_sys_plI[0:3] Must be driven
LWE[1:3)/LBS[1:3] cfg_host_agt[0:2] 111
LBCTL cfg_core_pll[0] Must be driven
LALE cfg_core_pll[1] Must be driven
LGPL2/LOE cfg_core_pli[2] Must be driven
LGPLO cfg_dram_type[0] 1
LGPLA1 cfg_dram_type[1] 1
LGPL3 cfg_boot_seq[0] 1
LGPL5 cfg_boot_seq[1] 1
Debug MSRCIDO cfg_mem_debug 1
MSRCID1 cfg_ddr_debug 1
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3.3  Output Signal States During Reset

When asystem reset is recognized (HRESET is asserted), the MPC8544E aborts al current internal and
external transactions and releases al bidirectional 1/0 signals to a high-impedance state. See Chapter 4,
“Reset, Clocking, and Initialization,” for a complete description of the reset functionality.

During reset, the MPC8544E ignores most input signals (except for the reset configuration signals) and
drives most of the output-only signals to an inactive state.

Table 3-4. Output Signal States During System Reset

Interface Signal State During Reset
DDR Memory MBA[2:0] High-Z
DDR Memory MA[15:0] High-Z
DDR Memory MWE High-Z
DDR Memory MRAS High-Z
DDR Memory MCAS High-Z
DDR Memory MCS[0:3] High-Z
DDR Memory MCKEJ[0:3] Driven'
DDR Memory MCK][0:5], MCK]0:5] Driven Toggling
DDR Memory MODT[0:3] Driven Low
PCI Express SD_TX[7:0], SD_TX[7:0] High-Z
PCI Express SD_PLL_TPD High-Z
Analog SD_PLL_TPA Driven
TSECH1 TSEC1_TX_EN High-Z
TSECH1 TSEC1_TX_ER High-Z
TSECH1 TSEC1_GTX_CLK High-Z
TSECS3 TSEC3_TX_EN High-Z
TSECS3 TSEC3_GTX_CLK High-Z
TSEC3 TSEC3_TXDI[3] Input—reset config (test only)?
TSEC3 TSEC3_TXD[6:7] Input—reset config
TSEC3 TSEC3_TX_ER Driven Low
LBC LCLK[0:2] High-Z
LBC LCKE High-Z
LBC LCS[0:4] High-Z
LBC DMA_DACK2/LCS6 High-Z
DMA_DDONE2/LCS7
DMA DMA_DACK][0:1] Input—reset config (test only)?
DMA DMA_DACK2/LCS6 High-Z
DMA_DDONE2/LCS7
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Table 3-4. Output Signal States During System Reset (continued)

Interface Signal State During Reset
DMA DMA_DDONEJ[0:1] High-Z
PIC IRQ8 Driven (test only)?
PIC IRQ_OUT High-Z
Dual UART UART_SOUTI[0:1] High-Z
Dual UART UART_RTS|0:1] High-Z
System Control HRESET_REQ Input—reset config (test only)?
System Control CKSTP_OUT High-Z

Debug TRIG_OUT/READY Input—reset config (test onIy)2
Debug MSRCID[2:4] Input—reset config (test only)2
Debug MDVAL High-Z
Power Mgmt ASLEEP Input—reset config (test only)2
Clock CLK_OUT Driven Toggling
GPOUT GPOUTI[0:7] High-Z
JTAG TDO Driven

' Driven according to DRAM type. See Section 4.4.3.9, “DDR SDRAM Type,” on page 4-18

for specific voltage levels.
2 Test-mode input during reset; see the MPC8544E Integrated Processor Hardware
Specifications for details.
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Chapter 4
Reset, Clocking, and Initialization

This chapter describes the reset, clocking, and some overall initialization of the MPC8544E, including a
definition of the reset configuration signals and the options they select. Additionally, the configuration,
control, and status registers are described. Note that other chapters in this book may describe specific
aspects of initialization for individual blocks.

4.1 Overview

The reset, clocking, and control signals provide many options for the operation of the M PC8544E.
Additionally, many modes are selected with reset configuration signals during a hard reset (assertion of
HRESET).

4.2 External Signal Descriptions

Table 4-1 summarizesthe external signals described in this chapter. Table 4-2 and Table 4-3 have detailed
signal descriptions, but Table 4-1 contains references to additional sectionsthat contain more information.

Table 4-1. Signal Summary

. _ References
Signal /0 Description (Section/Page)
HRESET I |Hard reset input. Causes a power-on reset (POR) sequence. 4.4.1.2/4-8

HRESET_REQ | O |Hard reset request output. An internal block requests that HRESET be asserted. —

SRESET I |Soft reset input. Causes mcp assertion to the core 4.4.1.1/4-8
READY O |The MPC8544E has completed the reset operation and is not in a power-down 4.4.2/4-9
(nap, doze or sleep) or debug state.

SYSCLK | [Primary clock input to the MPC8544E 4.4.4.1/4-23

RTC | |Real time clock input 4.4.4.4/4-25

SD_REF_CLK/ | |SERDES high-speed interface reference clock 4.4.42/4-24
SD_REF_CLK

SD2_REF_CLK/ | | |Second SERDES high-speed interface reference clock 4.4.42/4-24
SD2_REF_CLK

The following sections describe the reset and clock signalsin detail.
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4.2.1 System Control Signals

Table 4-2 describes some of the system control signals of the MPC8544E. Section 4.4.3, “ Power-On Reset
Configuration,” describes the signals that aso function as reset configuration signals. Note that the
CKSTP_IN and CKSTP_OUT signals are described in Chapter 19, “Global Utilities.”

Table 4-2. System Control Signals—Detailed Signal Descriptions

Signal /0 Description

HRESET | |Hard reset. Causes the MPC8544E to abort all current internal and external transactions and set all
registers to their default values. HRESET may be asserted completely asynchronously with respect to
all other signals.

State | Asserted/Negated—See Chapter 3, “Signal Descriptions,” and Section 4.4.3, “Power-On
Meaning Reset Configuration,” for more information on the interpretation of the otherMPC8544E
signals during reset.

Timing|Assertion/Negation—The MPC8544E Integrated Processor Hardware Specifications gives
specific timing information for this signal and the reset configuration signals.

HRESET_REQ| O |Hard reset request. Indicates to the board (system in which the MPC8544E is embedded) that a
condition requiring the assertion of HRESET has been detected.

State | Asserted—A watchdog timer or a boot sequencer failure (see Section 11.4.5, “Boot
Meaning Sequencer Mode”) has triggered a request for hard reset.
Negated—Indicates no reset request.

Timing|Assertion/Negation—May occur any time, synchronous to the core complex bus clock. Once
asserted, HRESET_REQ does not negate until HRESET is asserted.

SRESET I |Soft reset. Causes a machine check interrupt to the €500 core. Note that if the €500 core is not
configured to process machine check interrupts, the assertion of SRESET causes a core checkstop.
SRESET need not be asserted during a hard reset.

State | Asserted—Asserting SRESET causes a machine check interrupt (edge sensitive) to the
Meaning €500 core. SRESET has no effect while HRESET is asserted. However, the POR
sequence is paused if SRESET is asserted during POR.

Timing|Assertion—May occur at any time, asynchronous to any clock.
Negation—Must be asserted for at least two CCB_clk cycles.

READY O |Ready. Multiplexed with TRIG_OUT and QUIESCE. See Chapter 21, “Debug Features and Watchpoint
Facility,” for more information on TOSR and TRIG_OUT.

State | Asserted—Indicates that the MPC8544Ehas completed the reset operation and is not in a
Meaning power-down state (nap, doze, or sleep) when TOSR[SEL] equals 0b000. See
Section 4.4.2, “Power-On Reset Sequence,” for more information.

Timing|Assertion/Negation—Initial assertion of READY after reset is synchronous with SYSCLK.
Subsequent assertion/negation due to power down modes occurs asynchronously.
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Clock Signals

Table 4-3 describes the overall clock signals of the MPC8544E. Note that some clock signals are specific
to blocks within the MPC8544E, and although some of their functionality is described in Section 4.4.4,
“Clocking,” they are defined in detail in their respective chapters.

Note that thereisaso a CLK_OUT signal in the MPC8544E; the signal driven on the CLK_OUT pinis
selectable and described in Section 19.4.1.23, “Clock Out Control Register (CLKOCR).”

Table 4-3. Clock Signals—Detailed Signal Descriptions

Signal

Te}

Description

SYSCLK

System clock/PClI clock (SYSCLK/PCI_CLK). SYSCLK is the primary clock input to the MPC8544E. It is the clock
source for the e500 core and for all devices and interfaces that operate synchronously with the core. It is multiplied
up with a phased-lock loop (PLL) to create the core complex bus (CCB) clock (also called the platform clock), which
is used by virtually all of the synchronous system logic, including the L2 cache, the DDR SDRAM and local bus
memory controllers, and other internal blocks such as the DMA and interrupt controllers. The CCB clock, in turn,
feeds the PLL in the e500 core and the PLL that creates the local bus memory clocks.

When the PCl interface is used, SYSCLK also functions as the PCI_CLK signal. Note that this is true whether the
MPCB8544E is in agent or host mode. The MPC8544E does not provide a separate PCI_CLK output in host mode.

Timing|Assertion/Negation—See the MPC8544E Integrated Processor Hardware Specifications for specific
timing information for this signal.

RTC

Real time clock. May be used (optionally) to clock the time base of the €500 core. The RTC timing specifications
are given in the MPC8544E Integrated Processor Hardware Specifications, but the maximum frequency should be
less than one-quarter of the CCB frequency. See Section 4.4.4.4, “Real Time Clock.” This signal can also be used
(optionally) to clock the global timers in the programmable interrupt controller (PIC).

Timing|Assertion/Negation—See the MPC8544E Integrated Processor Hardware Specifications for specific
timing information for this signal.
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4.3 Memory Map/Register Definition

This section describesthe configuration and control registersthat control accessto the configuration space
and to the boot code as well as guidelines for accessing these regions. It also contains a brief description

of the boot sequencer which may be used to initialize configuration registers or memory before the CPU

is released to boot.

4.3.1 Local Configuration Control
Table 4-4 shows the memory map for local configuration control registers.

In this table and in the register figures and field descriptions, the following access definitions apply:
* Reserved fields are aways ignored for the purposes of determining access type.

* R/W,R,and W (read/write, read only, and write only) indicate that all the non-reserved fieldsin a
register have the same access type.

» wilcindicatesthat all of the non-reserved fieldsin aregister are cleared by writing onesto them.
* Mixed indicates a combination of access types.

» Specia isused when no other category applies. Inthis case theregister figure and field description
table should be read carefully.

Table 4-4. Local Configuration Control Register Map

Local Memory

Offset (Hex) Register Access Reset Section/Page

0x0_0000 CCSRBAR—Configuration, control, and status registers base R/W 0x000F_F700 | 4.3.1.1.2/4-5
address register

0x0_0008 ALTCBAR—AIlternate configuration base address register R/W 0x0000_0000 | 4.3.1.2.1/4-6
0x0_0010 ALTCAR—Alternate configuration attribute register R/W 0x0000_0000 | 4.3.1.2.1/4-6
0x0_0020 BPTR—Boot page translation register R/W 0x0000_0000 | 4.3.1.3.1/4-7

4.3.1.1 Accessing Configuration, Control, and Status Registers

The configuration, control, and status registers are memory mapped. The set of configuration, control, and
statusregisters occupiesa1l-Mbyte region of memory. Their location isprogrammabl e using the CCSR base
address register (CCSRBAR). The default base address for the configuration, control, and status registers
isOxFF70_0000 (CCSRBAR = 0x000F_F700). CCSRBAR itself ispart of thelocal accessblock of CCSR
memory, which begins at offset 0OxO from CCSRBAR. Because CCSRBAR is at offset 0x0 from the
beginning of the local access registers, CCSRBAR always points to itself. The contents of CCSRBAR are
broadcast internally in the MPC8544E to all functional units that need to be able to identify or create
configuration transactions.

43.1.11 Updating CCSRBAR

Updates to CCSRBAR that relocate the entire 1-Mbyte region of configuration, control, and status
registers require specia treatment. The effect of the update must be guaranteed to be visible by the
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mapping logic before an access to the new location is seen. To make sure this happens, these guidelines
should be followed:

* CCSRBAR should be updated during initial configuration of the device when only one host or
controller has access to the device.

— If the boot sequencer isbeing used to initialize, it is recommended that the boot sequencer
set CCSRBAR to its desired final location.

— If an externa host on PCI is configuring the device, it should set CCSRBAR to the desired
final location before the €500 coreis released to boot.

— If the €500 coreisinitializing the device, it should set CCSRBAR to the desired final
location before enabling other 1/0 devices to access the device.

* When the €500 coreiswriting to CCSRBAR, it should use the following sequence:

— Read the current value of CCSRBAR using a load word instruction followed by an isync.
Thisforces al accesses to configuration space to complete.

— Write the new value to CCSRBAR.

— Perform aload of an addressthat does not access configuration space or the on-chip SRAM,
but has an address mapping aready in effect (for example, boot ROM). Follow this load
with anisync.

— Read the contents of CCSRBAR from its new |ocation, followed by another isync.

43.1.1.2 Configuration, Control, and Status Base Address Register (CCSRBAR)
Figure 4-1 shows the fields of CCSRBAR.

Offset 0x0_0000 Access: Read/Write
0 ‘ 7.8 ‘ ‘ ‘ 23|24 ‘ 31
R _ BASE_ADDR —
W
Resetoooo\o0000000\1111\1111\01110000\0000

Figure 4-1. Configuration, Control, and Status Register Base Address Register (CCSRBAR)
Table 4-5 definesthe bit fields of CCSRBAR.

Table 4-5. CCSRBAR Bit Settings

Bits Name Description

0-7 — Write reserved, read = 0.

8-23 | BASE_ADDR | Identifies the16 most-significant address bits of the window used for configuration accesses. The
base address is aligned on a 1-Mbyte boundary.

24-31 — Write reserved, read = 0
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4.3.1.2 Accessing Alternate Configuration Space

An aternate configuration space can be accessed by configuring the ALTCBAR and ALTCAR registers.
These are intended to be used with the boot sequencer to allow the boot sequencer to access an alternate
1-Mbyteregion of configuration space. By |oading the proper boot sequencer command inthe serial ROM,
the base addressin the ALTCBAR can be combined with the 20 bits of address offset supplied from the
serial ROM to generate a 36-bit address that is mapped to the target specified in ALTCAR. Thus, by
configuring these registers, the boot sequencer has access to the entire memory map, one 1-Mbyte block
at atime. See Section 11.4.5, “Boot Sequencer Mode,” for more information.

NOTE

The enablebit inthe ALTCAR register should be cleared either by the boot
sequencer or by the boot code that executes after the boot sequencer has
completed its configuration operations. This prevents problems with
incorrect mappingsif subsequent configuration of thelocal accesswindows
uses a different target mapping for the address specified in ALTCBAR.

4.3.1.2.1 Alternate Configuration Base Address Register (ALTCBAR)
Figure 4-2 shows the fields of ALTCBAR.

Offset 0x0_0008 Access: Read/Write
0 ‘ 718 ‘ 23 |24 31
R
— BASE_ADDR —
w
Reset All zeros

Figure 4-2. Alternate Configuration Base Address Register (ALTCBAR)

Table 4-6 definesthe bit fields of ALTCBAR.
Table 4-6. ALTCBAR Bit Settings

Bits Name Description

0-7 — Write reserved, read = 0

8-23 | BASE_ADDR | Identifies the16 most significant address bits of an alternate window used for configuration accesses.

24-31 — Write reserved, read = 0

4.3.1.2.2 Alternate Configuration Attribute Register (ALTCAR)
Figure 4-3 shows the fields of ALTCAR.

Offset 0x0_0010 Access: Read/Write
0 1 ‘ 718 11[12 31
R
EN — TRGT_ID —
w
Reset All zeros

Figure 4-3. Alternate Configuration Attribute Register (ALTCAR)

MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1

4-6 Freescale Semiconductor



Reset, Clocking, and Initialization

Table 4-7 defines ALTCAR fields.
Table 4-7. ALTCAR Bit Settings

Bits Name Description

0 EN Enable for a second configuration window. Like CCSRBAR, it has a fixed size of 1 Mbyte.
0 Second configuration window is disabled.
1 Second configuration window is enabled.

1-7 — Write reserved, read = 0

8-11 | TRGT_ID |Identifies the device ID to target when a transaction hits in the 1-Mbyte address range defined by the
second configuration window.

0000 PCI Interface 1001-1010 Reserved
0001 PCI Express 2 1011 Security
0010 PCI Express 1 1100 Reserved
0011 PCI Express 3 1101 Reserved
0100 Local bus controller 1110 Reserved
0101-1011Reserved 1111 Local memory —DDR SDRAM and on-chip
1000 Configuration, control, status registers SRAM
12-31 — Write reserved, read = 0

4.3.1.3 Boot Page Translation

When the €500 core comes out of reset, its MM U has one 4-Kbyte page defined at 0xO_FFFF_Fnnn. The
core begins execution with the instruction at effective address 0x0_FFFF_FFFC. To get thisinstruction,
the core'sfirst instruction fetch is aburst read of boot code from effective address Ox0_FFFF_FFEQ. For
systems in which the boot code resides at a different address, the MPC8544E provides boot page

transl ation capability. Boot page translation is controlled by the boot page trandation register (BPTR).

The boot sequencer can enable boot page translation, or the boot page translation can be set up by an
external host when the MPC8544E is configured to be in boot holdoff mode. If trandationisto be
performed to a page outside the default boot ROM address range defined in the MPC8544E (8 Mbytes at
0x0_FF80_0000 to 0x0_FFFF_FFFF as defined in Section 4.4.3.4, “Boot ROM Location™), the external
host or boot sequencer must then also set up alocal access window to define the routing of the boot code
fetch to the target interface that contains the boot code, because the BPTR defines only the address
tranglation, not the target interface. See Section 2.1, “Local Memory Map Overview and Example,” and
Section 11.4.5, “Boot Sequencer Mode,” for more information.

4.3.1.3.1 Boot Page Translation Register (BPTR)
Figure 4-4 shows the fields of BPTR.

Offset 0x0_0020 Access: Read/Write
0o 1 ‘ 718 31
R
EN — BOOT_PAGE
w
Reset All zeros

Figure 4-4. Boot Page Translation Register (BPTR)
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Table 4-8 describes BPTR bit settings.
Table 4-8. BPTR Bit Settings

Bits Name Description

0 EN Boot page translation enable
0 Boot page is not translated.
1 Boot page is translated as defined in the BPTR[BOOT_PAGE] parameter.

1-7 — Write reserved, read =0

8-31 BOOT_PAGE | Translation for boot page. If enabled, the high order 24 bits of accesses to 0x0_FFFF_Fnnn are
replaced with this value.

4.3.2 Boot Sequencer

The boot sequencer isaDMA engine that accesses a serial ROM on the 1°C interface and writes data to
CCSR memory or the memory space pointed to by the aternate configuration base address register
(ALTCBAR). See Section 4.3.1.2, “Accessing Alternate Configuration Space.” The boot sequencer is
enabled by reset configuration pinsas described in Section 4.4.3.8, “Boot Sequencer Configuration.” If the
boot sequencer is enabled, the €500 coreis held in reset until the boot sequencer has completed its
operation. For more details, see Section 11.4.5, “Boot Sequencer Mode,” in the 1°C chapter.

4.4 Functional Description

This section describesthe various waysto reset the M PC8544E, the POR configurations, and the clocking
on the device.

4.4.1 Reset Operations
The MPC8544E has reset input signals for hard and soft reset operation.

4411 Soft Reset

Assertion of SRESET causes a machine check interrupt to the €500 core. When this occurs, the soft reset
flag is recorded in the machine check summary register (MCPSUMR) in the global utilities block so that
software can identify the machine check as a soft reset condition. See the €500 core family reference
manual for more information on the machine check interrupt and Section 19.4.1.14, “Machine Check
Summary Register (MCPSUMR),” for more information on the setting of the soft reset flag. Note that if
SRESET is asserted before the €500 core is configured to handle a machine check interrupt, a core
checkstop condition occurs, which causes CKSTP_OUT to assert.

4.41.2 Hard Reset

The MPCB8544E can be completely reset by the assertion of the HRESET input. The assertion of thissignal
by external logic isthe equivalent of a POR and causes the sequence of events described in Section 4.4.2,
“Power-On Reset Sequence.”
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Refer to the MPC8544E Integrated Processor Hardware Specifications for the timing requirements for
HRESET assertion and negation.

The hard reset request output signal (HRESET_REQ) indicates to external logic that a hard reset is being
requested by hardware or software. Hardware causes this signal to assert for aboot sequencer failure (see
Section 11.4.5, “Boot Sequencer Mode,” and Section 11.4.5.2, “EEPROM Data Format”) or when the

€500 watchdog timer is configured to cause areset request when it expires. Software may request a hard
reset by setting abitinaglobal utilitiesregister; see Section 19.4.1.18, “ Reset Control Register (RSTCR).”

4.4.2 Power-On Reset Sequence

The POR sequence for the MPC8544E is as follows:

1. Power isapplied to meet the specifications in the MPC8544E Integrated Processor Hardware
Specifications.

2. Thesystem assertsHRESET and TRST, causing all registersto beinitialized to their default states
and most 1/0O driversto be three-stated (some clock, clock enabled, and system control signals are
active).

3. The system applies a stable SY SCLK signal and stable PLL configuration inputs, and the device
PLL beginslocking to SY SCLK.

4. System negatesHRESET after itsrequired hold time and after POR configuration inputs have been
valid for at least 4 SY SCLK cycles.

NOTE:

If the JTAG signals are not used, then TRST may be tied negated. It is
recommended that TRST not remain asserted after the negation of
HRESET. TRST may be connected directly to HRESET.

Thereisno need to assert the SRESET signal when HRESET is asserted. If
SRESET remains asserted upon negation of HRESET, the POR sequence

will be paused after the 500 core PLL islocked and before the €500 reset
is negated. The POR sequence will be resumed when SRESET is negated.

MPC8544E enables 1/O drivers.

The MPCB8544E PCI interface can assert DEV SEL in response to configuration cycles.

The €500 PLL configuration inputs are applied, allowing the €500 PLL to begin locking to the
device clock (the CCB clock).

8. The CCB clock is cycled for approximately 50 usto lock the e500 PLL.

9. Theinternal hard reset to the €500 coreis negated and soft resets are negated to the PLL s and other
remaining 1/0 blocks. The PLLs begin to lock.

10. When PLL locking is completed, the boot sequencer is released, causing it to load configuration
datafrom serial ROMs, if enabled, as described in Section 4.4.3.8, “Boot Sequencer
Configuration.”

N o o
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11. When the boot sequencer completes the PCI interface is released to accept external requests, and
the boot vector fetch by the €500 coreisallowed to proceed unless processor booting isfurther held
off by POR configuration inputs as described in Section 4.4.3.7, “CPU Boot Configuration.” The
MPC8544E is now in its ready state.

12. The ASLEEP signal negates synchronized to arising edge of SY SCLK, indicating the ready state.
Theready stateisalso indicated by the assertion of READY/TRIG_OUT if TOSR[SEL] =000. In
thiscase, READY isasserted with the samerising edge of SY SCLK, to indicate that the device has
reached its ready state. See Section 21.3.4.1, “ Trigger Out Source Register (TOSR),” for more
information on this register.

Asserting READY allows external system monitors to know basic device status, for example,
exactly when it emergesfrom reset, or if the deviceisin alow-power mode. For moreinformation
on the debug functions of TRIG_OUT, see Section 21.3.4, “ Trigger Out Function.” For more
information about power management states, see Section 19.4.1, “Register Descriptions.”

Figure 4-5 shows atiming diagram of the POR sequence.

ARESET | \y SR N o — N -
—x (high impedance) S — ‘
HRESET_REQ igh impedanc SN — .
svsck - WM LML T T L T
| N HE NG H DL LIS E I U
TRESET \ / — / — M
SRESET | — A — 7
PLL Configs | X
POR Configs | Lo X]
ASLEEP | (High Impedance) NFN ‘ ‘ |
READY! | (High Impedance)

T Multiplexed with TRIG_OUT.

Figure 4-5. Power-On Reset Sequence

4.4.3 Power-On Reset Configuration

Various device functions are initialized by sampling certain signals during the assertion of HRESET. The
values of all these signals are sampled into registers while HRESET is asserted. These inputs are to be
pulled high or low by external resistors. During HRESET, all other signal drivers connected to these
signals must be in the high-impedance state.
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Most POR configuration signals have internal pull-up resistors so that if the desired setting is high, there
isno need for apull-up resistor on the board. Other POR configuration signals do not use pull-ups and
therefore must be pulled high or low. Refer to the MPC8544E | ntegrated Processor Hardware
Specifications for proper resistor values to be used for pulling POR configuration signals high or low.

This section describes the functions and modes configured by POR configuration signals. Note that many
reset configuration settings are accessible to software through the following read-only memory-mapped
registers described in Chapter 19, “Global Utilities’:

* PORPLL status register (PORPLLSR)

* POR boot mode status register (PORBM SR)

* POR I/O impedance status and control register (PORIMPSCR)

* POR device status register (PORDEV SR)

* POR debug mode status register (PORDBGM SR)

» General-purpose POR configuration register (GPPORCR)—Reports the value on LAD[0:31]
during POR (can be used to external system configuration)

NOTE

In thefollowing tables, the binary value Ob0 representsasignal pulled down
to GND and avalue of Ob1 represents asignal pulled up to Vpp, regardiess
of the sense of the functional signal name on the signal.

4.4.3.1 System PLL Ratio

The system PLL inputs, shown in Table 4-9, establish the clock ratio between the SY SCLK input and the
platform clock used by the MPC8544E. The platform clock, also called the CCB clock, drivesthe L2
cache, the DDR SDRAM data rate, and the €500 core complex bus (CCB). There is no default value for
this PLL ratio; these signals must be pulled to the desired values. See Section 4.4.4.2.1, “Minimum
Frequency Requirements,” for optimal selection of thisratio with regard to available high-speed interface
widths and frequencies. Note that the values latched on these signals during POR are accessible in the
PORPLLSR (POR PLL statusregister), as described in Section 19.4.1.1, “POR PLL Status Register
(PORPLLSR).”
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Table 4-9. CCB Clock PLL Ratio

Functional Signals Reset C'\tl):r::gejuration (;,izl:ril) CCB Clock : SYSCLK Ratio

LA[28:31] cfg_sys_pll[0:3] 0000 16: 1
0001 Reserved

No Default 0010 Reserved
0011 3:1
0100 4:1
0101 5:1
0110 6:1
0111 Reserved
1000 8:1
1001 9:1
1010 10:1
1011 Reserved
1100 12:1
1101 Reserved
1110 Reserved
1111 Reserved

4.4.3.2 e500 Core PLL Ratio

Table 4-10 describes the 500 core clock PLL inputs that program the core PLL and establish the ratio
between the €500 core clock and the €500 core complex bus (CCB) clock. There is no default value for
this PLL ratio; these signals must be pulled to the desired values. Note that the values latched on these
signals during POR are accessible through the memory-mapped PORPLL SR, as described in

Section 19.4.1.1, “POR PLL Status Register (PORPLLSR),” and also in the €500 core HID1 register, as
described in Section 6.10.2, “ Hardware | mplementation-Dependent Register 1 (HID1).”

Table 4-10. e500 Core Clock PLL Ratios

Functional Signals

Reset Configuration Name | Value (Binary)

€500 Core: CCB ClockRatio

LBCTL, LALE, LGPL2/LOE/LSDRAS

No Default

cfg_core_pll[0:2]

000 4:1
001 Reserved
010 1:1
011 3:2(1.5:1)
100 2:1
101 5:2(2.5:1)
110 3:1
111 7:2(35:1)
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44.3.3 SEC Frequency Ratio Configuration

The SEC mode configuration input, shown in Table 4-11, is used to establish theratio of the e500 Core
Complex Bus (CCB) Clock to the SEC Clock. In the default 3:1 (CCB CLK: SEC CLK) setting, the SEC
is clocked at one-third the frequency of the €500 Core Complex Bus (CCB) Clock. The ratio may be
changed to 2:1 if the CCB Clock is below the threshold stated in the MPC8544E | ntegrated Processor
Hardware Specifications.

Table 4-11. SEC Mode Configuration

Functional | Reset Configuration | Value

Signal Name (Binary) Meaning

LWE_BJ[0] cfg_sec_freq 0 Enables the SEC in 2:1 (CCB CLK: SEC CLK) mode with respect to €500 Core
Complex Bus (CCB) Clock

1 Enables the SEC in 3:1 (CCB CLK: SEC CLK) mode with respect to €500 Core
Complex Bus (CCB) Clock (default).

Default (1)

Note that the value latched on this signal during POR is accessible through the memory-mapped
PORDEV SR2 described in Section 19.4.1.4, “ POR Device Status Register (PORDEV SR).

4.4.3.4 Boot ROM Location

The MPC8544E defines the default boot ROM address range to be 8 Mbytes at address 0x0_FF80_0000
to OxO_FFFF_FFFF. However, which peripheral interface handles these boot ROM accesses can be
selected at power on.

The boot ROM location inputs, shown in Table 4-12, select the physical |ocation of boot ROM. Accesses
to the boot vector and the default boot ROM region of the local address map are directed to the interface
specified by these inputs.

Table 4-12. Boot ROM Location

Functional Signals |Reset Configuration Name (;,izl:fy) Meaning
TSEC1_TXD[6:4] cfg_rom_loc[0:2] 000 PCI
001 DDR SDRAM
Default (111) 010 PCI Express 2

011 PCI Express 3

100 PCI Express 1

101 Local bus GPCM—8-bit ROM

110 Local bus GPCM—16-bit ROM

111 Local Bus GPCM—32-bit ROM (default)

Note that the values latched on these signals during POR are accessible through the memory-mapped
PORBM SR (POR boot mode status register) described in Section 19.4.1.2, “POR Boot Mode Status
Register (PORBMSR).”
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See Section 2.1, “Local Memory Map Overview and Example,” for an example memory map that relies
on the default boot ROM values. Also, see Section 4.3.1.3.1, “Boot Page Trandation Register (BPTR),”
for information on translation of the boot page.

44.3.5 Host/Agent Configuration

The host/agent reset configuration inputs, shown in Table 4-13, configure the MPCB8544E to act as a host
or as an agent of amaster on another interface. In host mode, the MPC8544E isimmediately enabled to
master transactionsto the PCI interface. If the M PC8544E isan agent on the PCI or PCI Expressinterfaces,
then the MPCB8544E is disabled from mastering transactions on that interface until the external host
enablesit to do so. Theexternal host doesthisby setting the control registersof the M PC8544E’sinterfaces
appropriately. See detailsinthe PCl and PCI Express, programming models described in Chapter 17, “ PCI
Bus Interface,” and Chapter 18, “PCl Express Interface Controller,” respectively.

Note that the values latched on these signals during POR are accessible through the memory-mapped
PORBM SR (POR boot mode status register) described in Section 19.4.1.2, “POR Boot Mode Status
Register (PORBMSR).”

Table 4-13. Host/Agent Configuration

Reset Configuration | Value

Functional Signals Name (Binary)

Meaning

LWE[1:3)/LBS[1:3] cfg_host_agt[0:2] 000 |Reserved

001 MPC8544E acts as an endpoint on PCI-Express 3 interface. It acts as
Default (111) the host/root complex for all other PCI/PCI-Express interfaces.

010 Reserved

011 MPC8544E acts as an endpoint on PCI-Express 2 interface. It acts as
the host/root complex for all other PCI/PCI-Express interfaces.

100 Reserved

101 MPC8544E acts as an endpoint on PCI-Express 1 interface. It acts as
the host/root complex for all other PCI/PCI-Express interfaces.

110 |MPCB8544E acts as an agent of an external host on its PCl interface.
It acts as a root complex for all PCI-Express interfaces.

111 MPCB8544E acts as the host processor/root complex on all interfaces
(default).
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4.4.3.6 I/0 Port Selection

The MPC8544E can be configured with different I/O ports active. Table 4-14 shows the configuration of
I/O ports and bit rates (and required reference clocks) that are possible for the PCl Express interfaces.

Table 4-14. 1/0 Port Selection

Functional Reset Configuration Value Meanin
Signal Name (Binary) 9
TSEC3_TXDI[6:4] cfg_lO_ports[0:2] 000 All three PCI Express ports powered down

SGMII ports powered down

001 All three PCI Express ports powered down
Default (111) SGMII ports active

010 PCI Express port 1active

PCI Express ports 2 and 3 powered down

PCI Express 1:

RX lane[0:3] — SD1_RX[0:3],
TX lane[0:3] — SD1_TX[0:3]
SGMII ports powered down

011 PCI Express port 1active
PCI Express ports 2 and 3 powered down

PCI Express 1:

RX lane[0:3] — SD1_RX[0:3],
TX lane[0:3] — SD1_TX[0:3]
SGMII ports active

100 PCI Express ports 1 and 2 active
PCI Express port 3 powered down

PCI Express 1:
RX lane[0:3] — SD1_RX][0:3],
TX lane[0:3] — SD1_TX][0:3]

PCI Express 2:

RX lane[0:3] — SD1_RX[4:7],
TX lane[0:3] — SD1_TX[4:7]
SGMII ports powered down

101 PCI Express ports 1 and 2 active
PCI Express port 3 powered down

PCI Express 1:
RX lane[0:3] — SD1_RX][0:3],
TX lane[0:3] — SD1_TX[0:3]

PCI Express 2:
RX lane[0:3] — SD1_RX[4:7],
TX lane[0:3] —» SD1_TX[4:7]

SGMII ports active
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Table 4-14. 1/0 Port Selection (continued)

Functional Reset Configuration Value
Signal Name (Binary)

TSEC3_TXD[6:4] cfg_lO_ports[0:2] 110 All three PCI Express ports active
PCI Express 1:

RX lane[0:3] — SD1_RX[0:3],
Default (111) TX lane[0:3] — SD1_TX[0:3]

PCI Express 2:

RX lane[0:3] — SD1_RX[4:7],

TX lane[0:3] — SD1_TX[4:7]

PCI Express 3:

RX lane[0] — SD2_RX[0],

TX lane[0] — SD2_TX][0]

SGMII ports powered down

111 All three PCI Express ports active

Meaning

PCI Express 1:
RX lane[0:3] — SD1_RX][0:3],
TX lane[0:3] — SD1_TX][0:3]

PCI Express 2:

RX lane[0:3] — SD1_RX[4:7],
TX lane[0:3] — SD1_TX[4:7]
PCI Express 3:

RX lane[0] — SD2_RX[0],
TX lane[0] — SD2_TX[0]

SGMII ports active

SGMII:
RXlane[0:1] — SD2_RX[2:3]
TX lane[0:1] — SD2_TX[2:3]

4.4.3.7 CPU Boot Configuration

The CPU boot configuration input, shown in Table 4-15, specifies the boot configuration mode. If LA27
issampled low at reset, the €500 core is prevented from fetching boot code until configuration by an
external master is complete. The external master frees the CPU to boot by setting EEBPCR[CPU_EN] in
the ECM CCB port configuration register (EEBPCR). See Section 8.2.1.2,“ECM CCB Port Configuration
Register (EEBPCR),” for more information.

Note that the value latched on this signal during POR is accessible through the memory-mapped
PORBM SR (POR boot mode status register) described in Section 19.4.1.2, “POR Boot Mode Status
Register (PORBMSR).”

Note also that the value latched on this signal during POR affects the PCI agent lock mode (See
Section 17.3.2.19, “PCI Bus Function Register (PBFR).”) and the PCI Express Configuration Ready
Register (See Section 18.3.10.18, “Configuration Ready Register—0x4B0.”).
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Table 4-15. CPU Boot Configuration
Functional Reset Configuration Value Meanin
Signal Name (Binary) g
LA27 cfg_cpu_boot 0 CPU boot holdoff mode. The €500 core is prevented from booting until
configured by an external master.
Default (1)

The €500 core is allowed to boot without waiting for configuration by an
external master (default).

44.3.8 Boot Sequencer Configuration

The boot sequencer configuration options, shown in Table 4-16, alow the boot sequencer to load
configuration data from the serial ROM located on the 1%C1 port before the host tries to configure the
MPCB8544E. These options also specify normal or extended 1°C addressi ng modes. See Section 11.4.5,
“Boot Sequencer Mode,” for more information on the boot sequencer.

Note that the values latched on these signals during POR are accessible through the memory-mapped
PORBM SR (POR boot mode status register) described in Section 19.4.1.2, “POR Boot Mode Status

Register (PORBMSR).”
Table 4-16. Boot Sequencer Configuration
Functional Reset Configuration | Value Meanin
Signal Name (Binary) 9
LGPL3/LSDCAS, cfg_boot_seq[0:1] 00 Reserved
LGPL5
01 Normal 12C addressing mode is used. Boot sequencer is enabled and
loads configuration information from a ROM on the I°C interface. A valid
Default (11) ROM must be present.
10 Extended I12C addressing mode is used. Boot sequencer is enabled and

loads configuration information from a ROM on the 12C1 interface. A valid
ROM must be present.

11

Boot sequencer is disabled. No 1°C ROM is accessed (default).

NOTE

When the boot sequencer is enabled, the processor core will be held in reset
and thus prevented from fetching boot code until the boot sequencer has
completed its task, regardless of the state of the CPU boot configuration
signal described in Section 4.4.3.7, “ CPU Boot Configuration.”
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4.4.3.9 DDR SDRAM Type
DDR1 requires a different voltage level from DDR2. Table 4-17 describes the configuration of the DDR

SDRAM type.
Table 4-17. DDR DRAM Type
Functional Reset Configuration Value Meanin
Signal Name (Binary) 9

LGPLO, LGPL1

Default (11)

cfg_dram_type[0:1]

00 Reserved

01 DDR1

2.5V, CKE low at reset

10 Reserved

11 DDR2

1.8V, CKE low at reset (default)

4.4.3.10 eTSEC1 Serial GMIl and eTSEC3 Serial GMII

The eTSEC1 and eTSEC2 Seria inputs, shown in Table 4-21, selects SGMII protocol for eTSEC1 and
eT SEC3 respectively. Note that the value latched on this signal during POR is accessible through the
memory-mapped PORDEV SR (POR device status register) described in Section 19.4.1.4, “POR Device
Status Register (PORDEV SR).”

These values supersede the width and protocol definitions set by other POR config inputs defined below
that describe the parallel eTSEC interfaces.

Table 4-18. eTSEC1 Serial Configuration

Functional |[Reset Configuration| Value Meanin
Signal Name (Binary) 9
TSEC1_TXDI[2] cfg_tsec1_serial 0 eTSEC1 Ethernet interface operates in serial SGMII mode. POR config
inputs cfg_tsec1_width and cfg_tsec1_prtcl should be left in their default
Default (1) settings.
1 eTSEC1 Ethernet interface uses parallel interface according to POR config
inputs cfg_tsec1_width and cfg_tsec1_prtcl.
(default).
Table 4-19. eTSEC3 Serial Configuration
Functional |Reset Configuration| Value Meanin
Signal Name (Binary) 9
TSEC3_TXDI[2] cfg_tsec3_serial 0 eTSECS3 Ethernet interface operates in serial SGMII mode. POR config
inputs cfg_tsec3_width and cfg_tsec3_prtcl should be left in their default
Default (1) settings.
1 eTSEC3 Ethernet interface uses parallel interface according to POR config
inputs cfg_tsec3_width and cfg_tsec3_prtcl.
(default).
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4.4.3.11 eTSEC1 width

The eT SEC width input, shown in Table 4-20, selects standard versus reduced width for three-speed
Ethernet controller interface. Note that the value latched on this signal during POR is accessible through
the memory-mapped PORDEV SR (POR device status register) described in Section 19.4.1.4, “POR
Device Status Register (PORDEV SR).”

Thisinput does not affect the width of the FIFO interface which is always an 8-bit FIFO interface.
Table 4-20. eTSEC1/eTSEC2 Width Configuration

Functional Reset Configuration | Value Meanin
Signal Name (Binary) 9
TSEC1_TX_ER cfg_tsec1_reduce 0 eTSECH1 interface operates in reduced pin mode, either RTBI, RGMII,

RMII, or in 8-bit FIFO mode.

1 eTSEC1 interface operates in standard width TBI, GMII, MIl, or in 8-bit
FIFO mode.
(default)

Default (1)

4.43.12 eTSEC3 Width

The eTSEC3 width input, shown in Table 4-21, selects standard versus reduced width for three-speed
Ethernet controller interface 3. Note that the value latched on this signal during POR is accessible through
the memory-mapped PORDEV SR (POR device status register) described in Section 19.4.1.4, “POR
Device Status Register (PORDEV SR).”

The value of this configuration setting does not affect the width of the FIFO interface on eT SEC3, which
isaways 8 hits.

Table 4-21. eTSEC3/eTSEC4 Width Configuration

Functional Reset Configuration| Value Meanin
Signal Name (Binary) 9
TSEC3_TX_ER cfg_tsec3_reduce 0 eTSEC3 Ethernet interface operates in reduced mode, either RTBI, RGMI|

or RMII, or 8-bit FIFO mode.
Default (1)

1 eTSEC3 Ethernet interface operates in standard TBI, GMII, MIl, or 8-bit
FIFO mode.
(default).

4.4.3.13 eTSEC1 Protocol

The eT SEC1 protocol inputs, shown in Table 4-22, select the protocol (FIFO, MII, GMII or TBI) used by
the eTSEC1 controller. Note that the value latched on these signals during POR is accessible through the
memory-mapped PORDEV SR (POR device status register) described in Section 19.4.1.4, “POR Device
Status Register (PORDEV SR).”
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Table 4-22. eTSEC1 Protocol Configuration

Functional Reset Configuration| Value

Signal Name (Binary) Meaning
TSEC1_TXDI[0:1]| cfg_tsec1_prtcl[0:1] 00 The eTSEC1 controller operates using 8-bit FIFO protocol.
Default (11) 01 The eTSEC1 controller operates using the Ml protocol (or RMII if
configured in reduced mode as described in Section 4.4.3.11, “eTSEC1
width”).

10 The eTSEC1 controller operates using the GMII protocol (or RGMII if
configured in reduced mode as described in Section 4.4.3.11, “eTSEC1
width”).

11 The eTSEC1 controller operates using the TBI protocol (or RTBI if
configured in reduced mode as described in Section 4.4.3.11, “eTSEC1
width”) (default).

4.4.3.14 eTSEC3 Protocol

The eTSEC3 protocol inputs, shown in Table 4-23, select the protocol (FIFO, MII, GMII or TBI) used by
the eTSEC3 controller. Note that the value latched on these signals during POR is accessible through the
memory-mapped PORDEV SR (POR device status register) described in Section 19.4.1.4, “POR Device
Status Register (PORDEV SR).”

Table 4-23. eTSEC3 Protocol Configuration

Reset Configuration | Value

Functional Signal Name (Binary) Meaning
TSEC3_TXDI[0:1] | cfg_tsec3_pricl[0:1] 00 The eTSEC3 controller operates using 8-bit FIFO protocol.
Default (11) 01 The eTSECS3 controller operates using the MIl protocol (or RMII if
configured in reduced mode as described in Section 4.4.3.12, “eTSEC3

Width”)

10 The eTSECS3 controller operates using the GMII protocol (or RGMII if
configured in reduced mode as described in Section 4.4.3.12, “eTSEC3
Width”).

11 The eTSECS3 controller operates using the TBI protocol (or RTBI if
configured in reduced mode as described in Section 4.4.3.12, “eTSEC3
Width”) (default).

4.4.3.15 SGMIl SerDes Reference Clock Configuration

Asshown in Table 4-24, two options are available for the frequency of theinput SGMII SerDes reference
clock--either a100MHz or 125MHz LV DS differential clock. Thisone clock isapplied to an internal PLL
whose output creates the clock used by all four SGMII SerDes lanes. The result is always a 1.25Gbaud
transmission/receive rate on each lane. Note that the value latched on this signal is accessible through the
memory-mapped SerDes Control and Status Register described in Section 19.4.1.26, “ SerDes 2 Control
Register 3 (SRDS2CR3).”
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Table 4-24. SGMII SerDes Reference Clock Configuration

Functional Reset Configuration | Value

Signal Name (Binary) Meaning

TSECS3_TXDI[3] | cfg_srds_sgmii_refclk 0 SGMII SerDes expects a 100MHz reference clock frequency (default).
1 SGMII SerDes expects a 125MHz reference clock frequency.

Default (0)

4.4.3.16 PCI Clock Selection

The PCI clock source inputs, shown in Table 4-25 specify the clock mode (synchronous or asynchronous)
for the PClinterface. See Section Section 4.4.4.1, “ System Clock/PCI Clock” for more information. Note
that the value latched on thissignal during POR is accessible through the memory-mapped PORDEV SR
(POR device status register) described in Section 18.4.1.4, “POR Device Status Register (PORDEV SR).”

Table 4-25. PCI Clock Select

Functional |Reset Configuration| Value Meanin
Signal Name (Binary) 9
PCI_GNT[4] cfg_pci_clk 0 Asynchronous mode. PCI_CLK is used as the clock for the PCI interface
Default (1) 1 Synchronous mode. SYSCLK is used as the clock for the PCl interface. (default)

4.4.3.17 PCI Speed Configuration

The PCI speed configuration input, shown in Table 4-26, configuresinternal logic for proper operation
with the PCI clock frequenciesin use. The default setting is appropriate for PCI operating above 33 MHz.
For low speed operation (PCI at or below 33 MHZ) this POR configuration input should be low during
HRESET. If this configuration is not set properly, behavior of the PCI interface may be unreliable. Note
that the value latched on this signal during POR is accessible through the memory-mapped PORDEV SR,
described in Section 19.4.1.4, “POR Device Status Register (PORDEV SR).”

Table 4-26. PCI Speed Configuration

. . - . Value .
Functional Signal|Reset Configuration Name (Binary) Meaning
PCI_GNTI[3] cfg_pci_speed 0 PCI frequency at or below 33 MHz
Default (1) 1 PCI frequency above 33 MHz
(default)

4.4.3.18 PCII/O Impedance

The PCI 1/0 impedance configuration inputs, shown in Table 4-27 select the impedance of the PCI |/O
driversfor the respective interfaces. Note that the values latched on these signals during POR are
access ble through PORIMPSCR, described in Section 19.4.1.3, “POR 1/0O Impedance Status and Control
Register (PORIMPSCR).”
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Table 4-27. PCI I/O Impedance

. . Reset Configuration Value .
Functional Signal Name (Binary) Meaning
PCI_GNTH1 cfg_pci_impd 0 25-Q I/O drivers are used on the PCl interface.
Default (1) 1 42-Q I/O drivers are used on the PCl interface (default).

4.4.3.19 PCI Arbiter Configuration

The PCI arbiter configuration inputs, shown in Table 4-28, enable the on-chip PCI arbiter. Note that the
value latched on these signals during POR are accessible through the PORDEV SR described in
Section 19.4.1.4, “POR Device Status Register (PORDEV SR).”

Table 4-28. PCI Arbiter Configuration

Functional | Reset Configuration | Value Meanin

Signal Name (Binary) g
PCI_GNT2 cfg_pci_arb 0 The on-chip PCI arbiter is disabled. External arbitration is required.
Default (1) 1 The on-chip PCI arbiter is enabled (default).

4.4.3.20 Memory Debug Configuration

The memory debug configuration input, shown in Table 4-29, selects which debug outputs (DDR or LBC
memory controller) are driven onto the MSRCID and MDVAL debug signals. Note that the value latched
on this signal during POR is accessible through the memory-mapped PORDBGM SR (POR debug mode
register) described in Section 19.4.1.5, “POR Debug Mode Status Register (PORDBGMSR).”

Table 4-29. Memory Debug Configuration

Functional | Reset Configuration Value Meaning
Signal Name (Binary)
MSRCIDO cfg_mem_debug 0 Debug information from the local bus controller (LBC) is driven on the
MSRCID and MDVAL signals
Default (1) ] D - - -
ebug information from the DDR SDRAM controller is driven on the
MSRCID and MDVAL signals (default).

4.4.3.21 DDR Debug Configuration

The DDR debug configuration input, shown in Table 4-30, enablesa DDR memory controller debug mode
in which the DDR SDRAM source ID field and data valid strobe are driven onto the ECC pins. ECC
checking and generation are disabled in this case. ECC signals driven from the SDRAMs must be
electrically disconnected from the ECC 1/O pins of the MPC8544E in this mode.
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Table 4-30. DDR Debug Configuration

Functional | Reset Configuration | Value

Signal Name (Binary) Meaning

MSRCID1 cfg_ddr_debug 0 Debug information is driven on the ECC pins instead of normal ECC I/0. ECC
signals from memory devices must be disconnected.

Defauit (1) 1 Debug information is not driven on ECC pins. ECC pins function in their normal

mode (default).

Note that the value latched on this signal during POR is accessible through the memory-mapped
PORDBGM SR (POR debug mode register) described in Section 19.4.1.5, “POR Debug Mode Status
Register (PORDBGM SR).”

4.4.3.22 General-Purpose POR Configuration

The LBC address/data bus inputs, shown in Table 4-31, configure the value of the general-purpose POR
configuration register defined in Section 19.4.1.7, “ General-Purpose POR Configuration Register
(GPPORCR).” Thisregister isintended to facilitate POR configuration of user systems. A value placed on
LAD[0:31] during POR is captured and stored (read only) in the GPPORCR. Software can then use this
value to inform the operating system about initial system configuration. Typical interpretations include
circuit board type, board ID number, or alist of available peripherals.

Table 4-31. General-Purpose POR Configuration

Functional Reset Configuration | Value Meanin

Signals Name (Binary) 9

LADI[0:31] cfg_gpinput[0:31] — General-purpose POR configuration vector to be placed in GPPORCR
No default

4.4.4 Clocking
The following paragraphs describe the clocking within the MPC8544E device.

4.4.41 System Clock/PCI Clock

The MPCB8544E takes asingleinput clock, SY SCLK, asits primary clock source for the €500 core and all

of the devices and interfaces that operate synchronously with the core. As shown in Figure 4-6, the

SY SCLK input (frequency) ismultiplied up using a phase lock loop (PLL) to create the core complex bus
(CCB) clock (also called the platform clock). The CCB clock is used by virtually all of the synchronous

system logic, including the L2 cache, and other internal blocks such asthe DMA and interrupt controller.
The CCB clock also feedsthe PLL inthe €500 coreand the PL L that create clocksfor thelocal busmemory
controller. Note that the divide-by-two CCB clock divider and the divide-by-n CCB clock divider, shown
in Figure 4-6, are located in the DDR and local bus blocks, respectively.

The PCI interface may use SY SCLK asthe PCI clock and thus have PCI operation be synchronous with the
platform. Alternately, a separate, independent clock may be used for the PCI interface, in which case PCI
operation is asynchronous with respect to SY SCLK and the platform clock.
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Figure 4-6. Clock Subsystem Block Diagram

44.4.2 PCI Express and SGMII Clocks

Clocksfor these high speed interfaceson the MPC8544E are derived from aPLL inthe SerDesblock. This
PLL isdriven by areference clock (SD_REF_CLK/SD_REF_CLK) whose input frequency is a function
of the protocol and bit rate being used as shown in Table 4-32.

Table 4-32. High Speed Interface Clocking

Interfaces Bit Rate Reference Clock Frequency
PCI Express 2.5 Gbps 100 MHz (Spread Spectrum supported)
SGMII 1.25 Gbps 100 MHz
44.4.21 Minimum Frequency Requirements

Section 4.4.3.6, “1/0 Port Selection,” describes various high-speed interface configuration options. Note
that the CCB clock frequency must be considered for proper operation of such interfaces as described
below.

MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1

4-24 Freescale Semiconductor



Reset, Clocking, and Initialization

For proper PCI Express operation, the CCB clock frequency must be greater than:

500 MHz x (PCI Express link width)
8

See Section 18.1.3.2, “Link Width,” for PCI Express interface width details.

Note that the minimum CCB:SY SCLK ratio for PCI in synchronous mode is 6:1. See Section 4.4.3.1,
“System PLL Ratio,” for details of selecting thisratio.

4.4.4.3 Ethernet Clocks

The Ethernet bl ocks operate asynchronously with respect to therest of the device. These blocksusereceive
and transmit clocks supplied by their respective PHY chips, plus a 125-MHz clock input for gigabit
protocols. Data transfers are synchronized to the CCB clock internally.

4.4.4.4 Real Time Clock

AsshowninFigure 4-7, thereal timeclock (RTC) input can optionally be used to clock the €500 coretimer
facilities. RTC can also be used (optionally) by the MPC8544E programmable interrupt controller (PIC)
global timer facilities. The RTC is separate from the €500 core clock and is intended to support relatively
low frequency timing applications. The RTC frequency range is specified in the MPC8544E | ntegrated
Processor Hardware Specifications, but the maximum value should not exceed one-quarter of the CCB
Frequency.

Before being distributed to the core time base, RTC is sampled and synchronized with the CCB clock.

The clock sourcefor the core time baseis specified by two fieldsin HIDO: time base enable (TBEN), and
select time base clock (SEL_TBCLK). If thetime baseis enabled, (HIDO[TBEN] is set), the clock source
is determined as follows:

* HIDO[SEL_TBCLK] =0, the time base is updated every 8 CCB clocks
* HIDO[SEL_TBCLK] =1, thetime base is updated on therising edge of RTC

The default source of the time base isthe CCB clock divided by eight. For more detail s, see the €500 core
family reference manual.

Section 10.3.2.6, “Timer Control Register (TCR),” provides additional information on the use of the RTC
signal to clock the global timersin the PIC unit.
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Figure 4-7. RTC and Core Timer Facilities Clocking Options
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Part I
e500 Core Complex and L2 Cache

This part describes the many features of the MPC8544E core processor at an overview level and the
interaction between the core complex and the L2 cache. The following chapters are included:

» Chapter 5, “Core Complex Overview,” providesan overview of the e500v2 core processor and the
L1 cachesand MMU that, together with the core, comprise the core complex.
» Chapter 6, “Core Register Summary,” providesalisting of the e500v2 registersin reference form.

» Chapter 7, “L2 Look-Aside Cache/SRAM,” describes the L2 cache of the MPC8544E. Note that
the L2 cache can also be addressed directly as memory-mapped SRAM.

The €500 processor coreisalow-power implementation of the family of reduced instruction set computing
(RISC) embedded processors that implement the Power ISA definition. This part provides additional
information about the architecture as it relates specifically to the €500 core complex and specific details
on how itsregisters are accessed.

The €500 core complex interacts with the L2 cache through the core complex bus (CCB).
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Chapter 5
Core Complex Overview

This chapter provides an overview of the €500 microprocessor core.
References to €500 are true for both the e500v1 and e500v2.

This chapter includes the following:

* Anoverview of architecture featuresasimplemented in this coreand asummary of the core feature
set

* A summary of the instruction pipeline and flow

* Anoverview of the programming model

* Anoverview of interrupts and exception handling

* A description of the memory management architecture

* High-level details of the €500 core memory and coherency model
* A brief description of the core complex bus (CCB)

* A summary of the Power Architecture embedded category compatibility and migration from the
original version of the PowerPC™ architecture asit is defined by Apple, IBM, and Motorola
(referred to asthe AIM version of the PowerPC architecture)

The €500 core providesfeaturesthat theintegrated device may not implement or may implement inamore
specific way.
5.1 Overview

The €500 core is alow-power implementation of the resources for embedded processors defined by the
Power 1SA. The core is a 32-bit implementation using the lower words in the 64-bit general-purpose
registers (GPRs).

Figure 5-1 isablock diagram of the processor core complex that shows how the functional units operate
independently and in parallel. Note that this conceptual diagram does not attempt to show how these
features are physically implemented.
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Figure 5-1. €500 Core Complex Block Diagram
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Core Complex Overview

The Power Architecture technology defines categories that extend the architecture that can perform
computational or system management functions. One of these on the €500 is the signal processing engine
(SPE), which includes a suite of vector instructions that use the upper and lower halves of the GPRs as a
single two-element operand. Some extensions are defined by Freescale's embedded category
implementation standards (EIS).

5.1.1 Upward Compatibility

The €500 provides 32-bit effective addresses and integer data types of 8, 16, and 32 hits, as defined by the
architecture. It also provides two-element, 64-bit data types for the SPE and embedded vector
floating-point instructions, which include instructions that operate on operands comprised of two 32-bit
elements. It also provides a 64-bit scalar data type for use with embedded double-precision floating-point
instructions.

The embedded single-precision scalar floating-point instructions use 32-bit single-precision instructions.

NOTE

The SPE (which includes embedded floating-point functionality) is
implemented in all PowerQUICC 111 devices. However, these instructions
will not be supported in devices subsequent to PowerQUICC I11. Freescale
Semiconductor strongly recommends that use of these instructions be
confinedto librariesand devicedrivers. Customer software that uses SPE or
embedded floating-point instructions at the assembly level or that uses SPE
intrinsics will require rewriting for upward compatibility with
next-generation PowerQUICC devices.

Freescale Semiconductor offers alibcfsl_e500 library that uses SPE
instructions. Freescale will also providelibrariesto support next-generation
PowerQUICC devices.

5.1.2 Core Complex Summary

The core complex isasuperscalar processor that can issue two instructions and compl ete two instructions
per clock cycle. Instructionscompletein order, but can execute out of order. Execution resultsare available
to subsequent instructions through the rename buffers, but those results are recorded into architected
registersin program order, maintaining aprecise exception model. All arithmetic instructions that execute
in the core operate on data in the GPRs. Although the GPRs are 64 bits wide, only SPE, DPFP (e500v2
only), and embedded vector floating-point instructions operate on the upper word of the GPRs; the upper
32 bits are not affected by other 32-bit instructions.

The processor core integrates two simpleinstruction units (SU1, SU2), a multiple-cycle instruction unit
(MU), abranch unit (BU), and a load/store unit (L SU).

The LSU and SU2 support 64- and 32-bit instructions.

The ability to execute five instructions in parallel and the use of ssimple instructions with short execution
timesyield high efficiency and throughput. Most integer instructions execute in 1 clock cycle. A series of
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independent vector floating-point add instructions can be issued and completed with a throughput of one
instruction per cycle.

The core complex includes independent on-chip, 32-Kbyte, eight-way set-associative, physically
addressed cachesfor instructions and data. It al so includes on-chip first-level instruction and datamemory
management units (MM Us) and an on-chip second-level unified MMU.

* Thefirst-level MMUs contain two four-entry, fully-associative instruction and data translation
lookaside buffer (TLB) arrays that provide support for demand-paged virtual memory address
tranglation and variable-sized pages. They also contain two 64-entry, 4-way set-associative
instruction and data TL B arrays that support 4-Kbyte pages. These arrays are maintained entirely
by the hardware with atrue least-recently-used (L RU) agorithm.

* The second-level MMU contains a 16-entry, fully-associative unified (instruction and data) TLB
array that provides support for variable-sized pages. It also contains a unified TLB for 4-Kbyte
page size support, as follows:

— a256-entry, 2-way set-associative unified TLB for the e500v1
— abl2-entry, 4-way set-associative unified TLB for the e500v2
These second-level TLBs are maintained completely by the software.

The core complex allows cache-line-based user-mode | ocks on the contentsin either the instruction or data
cache. This provides embedded applications with the capability for locking interrupt routines or other
important (time-sensitive) instruction sequencesinto the instruction cache. It also allows data to be locked
into the data cache, which supports deterministic execution time.

The core complex supports a high-speed on-chip internal bus with data tagging called the core complex
bus (CCB). The CCB has two general-purpose read data buses, one write data bus, data parity bits, data
tag bits, an address bus, and address attribute bits. The processor core complex supports out-of-order reads,
in-order writes, and one level of pipelining for addresses with address-retry responses. It can also support
single-beat and burst data transfers for memory accesses and memory-mapped 1/O operations.

5.2 e500 Processor and System Version Numbers

Table 5-1lists the revision codes in the processor version register (PVR) and the system version register
(SVR). These registers can be accessed as SPRs through the €500 core (see Section 6.5.3, “Processor
Version Register (PVR),” and Section 6.5.4, “ System Version Register (SVR)”) or as memory-mapped
registers defined by the integrated device (see “ Section 19.4.1.16, “Processor Version Register (PVR),”
and Section 19.4.1.17, “ System Version Register (SVR)”).

Table 5-1. Device Revision Level Cross-Reference

- Core Processor Version System Version
MPC8544E Revision Revision Register (PVR) Register (SVR)
1.0 2.1 0x8021_0021 0x803C_0110 for MPC8544E (with security)

0x8034_0110 for MPC8544 (without security)

1.1 22 0x8021_0022 0x803C_0111 for MPC8544E (with security)
0x8034_0111 for MPC8544 (without security)
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Features

Key features of the €500 are summarized as follows:

32-bit architecture
Additional categories (formerly referred to as APUS)

Branch target buffer (BTB) locking is specific to the e500. BTB locking gives the user the ability
to lock, unlock, and invalidate BTB entries; further information is provided in Table 5-5. The EIS
(see EREF: a Reference for Freescale Book E and the €500 Core) defines the following:

— Integer select. Thisinstruction isnow part of the Power Architecture technology base category.
— Performance monitor. The performance monitor facility provides the ability to monitor and

count predefined events such as processor clocks, missesin the instruction cache or data cache,
types of instructions decoded, or mispredicted branches. The count of such events can be used
to trigger the performance monitor exception. Additional performance monitor registers
(PMRs) similar to SPRs are used to configure and track performance monitor operations. These
registers are accessed with the Move to PMR and Move from PMR instructions (mtpmr and
mfpmr). See Section 5.12, “ Performance Monitoring.”

Cachelocking. Allowsinstructions and datato belocked into their respective cacheson acache
block basis. Locking is performed by aset of touch and lock set instructions. Thisfunctionality
can be enabled for user mode by setting MSR[UCLE]. The feature also provides resourcesfor
detecting and handling overlocking conditions.

Machine check. The machine check interrupt is treated as a separate level of interrupt. It uses

itsown save and restore registers (MCSRRO and MCSRR1) and Return from Machine Check
Interrupt (rfmci) instruction. See Section 5.8, “Interrupts and Exception Handling.”

Single-precision embedded scalar and vector floating-point instructions, listed in Table 5-4.

Signal processing engine (SPE). Notethat the SPE isnot aseparate unit; SPE computational and
logical instructions are executed in the simple and multiple-cycle units used by all other
computational and logical instructions, and 64-bit |oads and stores are executed in the common
LSU. Figure 5-1 shows how execution logic for SU1, the MU, and the LSU is replicated to
support operations on the upper halves of the GPRs.

NOTE

The SPE APU and the two single-precision floating-point APUs were
combined in the original implementation of the €500 v1, as shown in
Figure 5-2.

Vector and Floating-Point APUs €500 v1|e500 v2
SPE vector instructions ev... N N
Original SPE Vector single-precision floating-point evfs...| N
Definition
Scalar single-precision floating-point efs... N N
Scalar double-precision floating-point efd... N

Figure 5-2. Vector and Floating-Point APUs
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» The e500 register set is modified as follows:

GPRs are widened to 64 bits to support 64-bit load, store, and merge operations. Note that
the upper 32 bits are affected only by 64-bit instructions.

A 64-bit accumulator (ACC) has been added.

The signal processing and embedded floating-point status and control register (SPEFSCR)
provides interrupt control and status for SPE and embedded floating-point instructions.

These registers are shown in Figure 5-7. SPE instructions are grouped as follows:

Single-cycle integer add and subtract with the same latencies for SPE operations as for the
32-hit equivalent

Single-cycle logical operations

Single-cycle shift and rotates

Four-cycle integer pipelined multiplies

4-, 11-, 19-, and 35-cycle integer divides

If rA or rB is zero, afloating-point divide takes 4 cycles; all other casestake 29 cycles.
Four-cycle SIMD pipelined multiply-accumulate (MAC)

64-bit accumulator for no-stall MAC operations

64-bit |oads and stores

64-bit merge instructions

» Cache structure—Separate 32-Kbyte, 32-byte line, 8-way set-associative level 1 instruction and
data caches

— 1.5-cycle cache array access, 3-cycle load-to-use latency
— Pseudo-LRU (PLRU) replacement algorithm
— Copy-back data cache that can function as a write-through cache on a page-by-page basis
— Supports all embedded category memory coherency modes
— Supports EIS-defined cache-locking instructions, aslisted in Table 5-3
* Dual-issue superscalar control
— Two-instructions-per-clock peak issue rate
— Precise exception handling
» Decode unit
— 12-entry instruction queue (1Q)
— Full hardware detection of interlocks
— Decodes as many as two instructions per cycle
— Decode seridization control
— Register dependency resolution and renaming
» Branch prediction unit (BPU)

— Dynamic branch prediction using a 512-entry, 4-way set-associative branch target buffer
(BTB) supported by the €500 BTB instructions listed in Table 5-5.

— Branch prediction is handled in the fetch stages.
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» Completion unit
— Asmany as 14 ingtructions alowed in 14-entry completion queue (CQ)
— In-order retirement of as many as two instructions per cycle
— Completion and refetch serialization control

— Synchronization for al instruction flow changes—interrupts, mispredicted branches, and
context-synchronizing instructions

» Issue queues
— Two-entry branch instruction issue queue (BIQ)
— Four-entry general instruction issue queue (GIQ)

» Branch unit—The branch unit (BU) is an execution unit and is distinct from the BPU. It executes
(resolves) al branch and CR logical instructions.

* Two simple units (SU1 and SU2)
— Add and subtract
— Shift and rotate
— Logical operations
— Support for 64-bit SPE instructionsin SU1
* Multiple-cycle unit (MU)—The MU is shown in Figure 5-3.

T T From GIQO or GIQ1

' Reservation !
Station

Upﬁér_ i ¢ i _Lc-)v;/er

—————————

! MU-1 |

LOMU2 T e {D
r---+---- 1 Postdivide 1!
| [ .

Figure 5-3. Four-Stage MU Pipeline, Showing Divide Bypass

The MU has the following features:

— Four-cycle latency for all multiplication, including SPE integer and fractional multiply
instructions and embedded scalar and vector floating-point multiply instructions

— Variable-latency divide: 4, 11, 19, and 35 cyclesfor al integer divideinstructions. If rA or rB
is zero, floating-point divide instructions take 4 cycles, all others take 29. Note that although
most divide instructions take more than 4 cycles to execute, the MU allows subsequent
multiply instructions to execute through all four MU stagesin parallel with the divide.
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— 4-cyclefloating-point add and subtract
* Theload/store unit (LSU) is shown in Figure 5-4.

Reservation
Station

v

Load/Store Unit
(64-/32-Bit)
To completion queue <«——  Three-Stage Pipeline

To GPR operand bus <———

Queues and Buffers

L1 Store Load |«—— To data cache
Queue Miss
Queue
To GPRs <——> ]— e500v1 (4 entry)

Data Line —e500v2 (9 entry)
Fill Buffer -

e500v1 (3 entry) - RS

e500v2 (5 entry) —1—

4

\
To core interface unit

Figure 5-4. Three-Stage Load/Store Unit

The LSU has the following features:

Three-cycle load |atency

Fully pipelined

Load miss queue allows up to four load misses before stalling (up to nine load misses in the
€500v2).

Load hits can continue to be serviced when the load miss queueisfull.

The seven-entry L1 store queue allows full pipelining of stores.

The three-entry dataline fill buffer (five-entry on the e500v2) is used for loads and cacheable
stores. Stores are allocated here so loads can access data from the store immediately.

The datawrite buffer containsthree entries: one dedicated for snoop pushes, one dedicated for
castouts, and one that can be used for snoop pushes or cast outs.

» Cache coherency

Supports four-state cache coherency: modified-exclusive, exclusive, shared, and invalid
(MESI). Note, however that shared state may not be accessible in some implementations.

— Bus support for hardware-enforced coherency (bus snooping)
» Core complex bus (CCB)—internal bus
— High-speed, on-chip local bus with data tagging
— 32-bit address bus
— Address protocol with address pipelining and retry/copyback derived from bus used by

previous generations of processors (referred to as the 60x bus)
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— Two general-purpose read data buses and one write data bus
» Extended exception handling
— Supports embedded category interrupt model

Less than 10-cycle interrupt latency

Interrupt vector prefix register (IVPR)

Interrupt vector offset registers (IVORs) 0-15 and 32-35
Exception syndrome register (ESR)

Preempting critical interrupt, including critical interrupt status registers (CSRRO and
CSRR1) and an rfci instruction

A separate set of resources for machine-check interrupts
SPE unavailable exception

Floating-point data exception

Floating-point round exception

Performance monitor

* Memory management unit (MMU)
— 32-bit effective address translated to 32-bit real address (using a41-bit interim virtual address)
for the eé500v1core and 36-bit real addressing for the e€500v2 core

— TLB entriesfor variable- (4-Kbyte—256-Mbyte pages for the e500v1 and 4-Kbyte—4-Gbyte
pages for the e500v2) and fixed-size (4-Kbyte) pages

— DataL1 MMU

4-entry, fully-associative TLB array for variable-sized pages
64-entry, 4-way set-associative TLB for 4-Kbyte pages

— Instruction L1 MMU

4-entry, fully-associative TLB array for variable-sized pages
64-entry, 4-way set-associative TLB for 4-Kbyte pages

— Unified L2 MMU

16-entry, fully-associative TLB array for variable-sized pages

e500v1—A 256-entry, 2-way set-associative unified (for instruction and data accesses) L2
TLB array (TLBO) supports only 4-Kbyte pages

e500v2—A 512-entry, 4-way set-associative unified (for instruction and data accesses) L2
TLB array (TLBO) supports only 4-Kbyte pages

— Softwarereload for TLBs
— Virtual memory support for as much as 4 Gbytes (23?) of effective address space

— Real memory support for as much as4 Gbytes (232) of physical memory on the e500v1 and 64
Gbytes (236) on the e500v2

— Support for big-endian and true little-endian memory on a per-page basis
*  Power management
— Low-power design
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5.3.1

— Power-saving modes: core-halted and core-stopped

— Internal clock multipliers ranging from 1 to 8 times the bus clock, including integer and
half-mode multipliers.

— Dynamic power management of execution units, caches, and MMUs

— NAP, DOZE, and SLEEP bitsin HIDO can be used to assert nap, doze, and sleep output signals
to initiate power-saving modes at the integrated device level.

Testability

— LSSD scan design

— JTAG interface

— ESP support

Reliability and serviceability

— Parity checking on caches

— Parity checking on €500 local bus

e500v2 Differences

The e500v2 provides the following additional features not supported by the e500v1:

The e500v2 uses 36-bit physical addressing, which is supported by the following:
— MMU assist register 7 (MASY7)

— HIDO[EN_MAS7_UPDATE]

— Programmable jumper options to specify the upper bits of the reset vector.
The e500v2 has a 512-entry, 4-way set-associative unified TLB for TLB1.

The maximum variable page size is extended to 4 Gbytes.

Embedded double-precision floating-point support has been added. These instructions use the
64-bit GPRs as single, 64-bit double-precision operands. This functionality is enabled through
MSR[SPE].

Slightly different functionality of HID1[RFXE] bit.

The dataline fill buffer in the LSU is expanded from three to five entries.

The load miss queuein the LSU is expanded from four to nine entries.

TBSEL and TBEE bits have been added to the performance monitor global control register O
(PMGCO) to support monitoring of time base events.

Minor modifications to the SPE instruction set.
Data cache flush assist capability, supported through HIDO[DCFA]. When DCFA is set, the cache
miss replacement algorithm ignoresinvalid entries and follows the replacement sequence defined

by the PLRU bits. Thisreducesthe series of uniquely addressed load or dcbz instructions required
to flush the cache.

Detailed descriptions of these differences are provided in their respective chapters.
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NOTE

Unless otherwise indicated, references to €500 apply to both e500v1 and
e500v2.

5.4 Instruction Set

The €500 implements the following instructions:

* The embedded category instruction set for 32-bit implementations. Thisis composed primarily of
the user-level instructions defined by the Power Architecture user instruction set architecture
(UISA). The €500 does not include floating-point instructions that require floating-point registers
(FPRs), load string, or store string instructions.

» The €500 supports the following instructions:

— Integer select. Now part of the base category. Consists of the Integer Select instruction (isel),
which functions as an if-then-else statement that selects between two source registers by
comparison to aCR hit. Thisinstruction eliminates conditional branches, decreases |atency,
and reduces the code footprint.

— Performance monitor. Table 5-2 lists performance monitor instructions.

Table 5-2. Performance Monitor Instructions

Name Mnemonic Syntax
Move from Performance Monitor Register mfpmr rD,PMRN
Move to Performance Monitor Register mtpmr PMRN,rS

— Cachelocking. Consists of the instructions described in Table 5-3.

Table 5-3. Cache Locking Instructions

Name Mnemonic Syntax
Data Cache Block Lock Clear dcblc CT,rA 1B
Data Cache Block Touch and Lock Set dcbtls CT,rA 1B
Data Cache Block Touch for Store and Lock Set dcbtstls CT,rA 1B
Instruction Cache Block Lock Clear icblc CT,rA 1B
Instruction Cache Block Touch and Lock Set icbtls CT,rA 1B

— Machine check. Defines the Return from Machine Check Interrupt instruction (rfmci).

— SPE vector instructions. Vector instructions are defined that view the 64-bit GPRs as composed
of avector of two 32-bit elements (someinstructions also read or write 16-bit elements). Some
scalar instructions produce a 64-bit scalar resullt.

— The embedded floating-point categories provide scalar and vector floating-point instructions.
Scalar single-precision floating-point instructions use only the lower 32 bits of the GPRs,
double-precision operands (e500v2 only) use all 64 bits. Table 5-4 lists embedded
floating-point instructions.
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Table 5-4. Scalar and Vector Embedded Floating-Point Instructions

Mnemonic
Instruction Syntax
Scalar SP | Scalar DP Vector

Convert Floating-Point Single- from Double-Precision —_ efscfd —_ rD,rB
Convert Floating-Point Double- from Single-Precision —_ efdcfs —_ rD,rB
Convert Floating-Point from Signed Fraction efscfsf efdcfsf evfscfsf rD,rB
Convert Floating-Point from Signed Fraction efscfsf efdcfsf evfscfsf rD,rB
Convert Floating-Point from Signed Integer efscfsi efdcfsi evfscfsi rD,rB
Convert Floating-Point from Unsigned Fraction efscfuf efdcfuf evfscfuf rD,rB
Convert Floating-Point from Unsigned Integer efscfui efdcfui evfscfui rD,rB
Convert Floating-Point to Signed Fraction efsctsf efdctsf evfsctsf rD,rB
Convert Floating-Point to Signed Integer efsctsi efdctsi evfsctsi rD,rB
Convert Floating-Point to Signed Integer with Round toward Zero efsctsiz efdctsiz evfsctsiz rD,rB
Convert Floating-Point to Unsigned Fraction efsctuf efdctuf evfsctuf rD,rB
Convert Floating-Point to Unsigned Integer efsctui efdctui evfsctui rD,rB
Convert Floating-Point to Unsigned Integer with Round toward Zero | efsctuiz efdctuiz evfsctuiz rD,rB
Floating-Point Absolute Value efsabs efdabs evfsabs rD,rA
Floating-Point Add efsadd efdadd evfsadd rD,rA,rB
Floating-Point Compare Equal efscmpeq | efdcmpeq | evfscmpeq | crD,rA,rB
Floating-Point Compare Greater Than efscmpgt | efdempgt | evfscmpgt | crD,rA,rB
Floating-Point Compare Less Than efscmplt | efdemplt | evfscmplt | crD,rA,rB
Floating-Point Divide efsdiv efddiv evfsdiv rD,rA,rB
Floating-Point Multiply efsmul efdmul evfsmul rD,rA,rB
Floating-Point Negate efsneg efdneg evfisneg rD,rA
Floating-Point Negative Absolute Value efsnabs efdnabs evfsnabs rD,rA
Floating-Point Subtract efssub efdsub evfssub rD,rA,rB
Floating-Point Test Equal efststeq efdtsteq evfststeq | crD,rA,rB
Floating-Point Test Greater Than efststgt efdtstgt evfststgt | crD,rA,rB
Floating-Point Test Less Than efststit efdtstit evfststit crD,rA,rB

— BTB locking instructions. The core complex providesa512-entry BTB for efficient processing
of branch instructions. The BTB is a branch target address cache, organized as 128 rows with
4-way set associativity, that holds the address and target instruction of the 512 most-recently
taken branches. Table 5-5 lists BTB instructions.
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Table 5-5. BTB Locking Instructions

Name Mnemonic Syntax
Branch Buffer Load Entry and Lock Set bblels —
Branch Buffer Entry Lock Reset bbelr —

5.5 Instruction Flow

The €500 coreis a pipelined, superscalar processor with parallel execution unitsthat allow instructionsto
execute out of order but record their resultsin order. Pipelining breaksinstruction processing into discrete
stages, so multiple instructions in an instruction sequence can occupy the successive stages. as an
instruction completes one stage, it passes to the next, leaving the previous stage available to a subsequent
instruction. So, even though it may take multiple cyclesfor aninstruction to passthrough al of the pipeline
stages, once a pipelineisfull, instruction throughput is much shorter than the latency.

A superscalar processor is one that issues multiple independent instructions into separate execution units,
allowing parallel execution. The €500 core has five execution units, one each for branch (BU), load/store
(LSU), and multiple-cycleoperations (MU), and two for simple arithmetic operations (SU1 and SU2). The
MU and SU1 arithmetic execution units also execute 64-bit SPE vector instructions, using both the lower
and upper halves of the 64-bit GPRs.

The parallel execution units allow multiple instructions to execute in parallel and out of order. For
example, alow-latency addition instruction that isissued to an SU after an integer divideisissued to the
MU should finish executing before the higher latency divide instruction. The add instruction can make its
resultsavailable to a subsequent instruction, but it cannot update the architected GPR specified asitstarget
operand ahead of the multiple-cycle divide instruction.

5.5.1 Initial Instruction Fetch

The €500 core begins execution at fixed virtual address OxFFFF_FFFC. The MMU has a default page
translation which maps this to the identical physical address. So, the instruction at physical address
OxFFFF_FFFC must be a branch to another address within the 4-Kbyte boot page.

5.5.2 Branch Detection and Prediction

To improve branch performance, the €500 provides implementation-specific dynamic branch prediction
using the BTB to resolve branch instructions and improve the accuracy of branch predictions. Each of the
512 entriesin the 4-way set associ ative address cache of branch target addressesincludes a 2-bit saturating
branch history counter, whose valueisincremented or decremented depending on whether the branch was
taken. These bits can take on four values indicating strongly taken, weakly taken, weakly not taken, and
strongly not taken. The BTB is used not only to predict branches, but to detect branches during the fetch
stage, offering an efficient way to access instruction streams for branches predicted as taken.

In the €500, all branch instructions are assigned positionsin the completion queue at dispatch. Speculative
instructions in branch target streams are allowed to execute and proceed through the completion queue,
although they can complete only after the branch prediction is resolved as correct and after the branch
instruction itself completes.
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If abranch resolves as correct, instructionsin the target stream are marked nonspeculative and are allowed
to complete. If the branch history bitsin the BTB indicated weakly taken or weakly not taken, the
prediction is upgraded to strongly taken or strongly not taken.

If abranch resolves asincorrect, instructionsin the target stream are flushed from the execution pipeline, the
branch history bits are updated in the BTB entry, and nonspecul ative fetching begins from the correct path.

5.5.3 e500 Execution Pipeline

The seven stages of the €500 execution pipeline—fetchl, fetch2/predecode, decode/dispatch, issue,
execute, complete, and write back—are highlighted in grey in Figure 5-5.

[ ] Indicates stages Fetch Stage 1 Ilnstruction Cache|
>| | Fetch Stage 2

) ) Maximum four-instruction
At dispatch, instructions are deallocated from the y fetch per clock cycle
IQ and assigned sequential positions in the CQ.

Decode Stage

Maximum two-instruction per cycle dispatch
to the issue queues. BIQ can accept one
per cycle; GIQ can accept at most two.

r—— - -\ - - . e - - - - — — — 1

I y Issue Stage y I

|| Branch Issue Queue (BIQ) General Issue Queue (GIQ) | |
L - - - - - — — - - =

—_ — — — 4

r--r — - - - - - -7 = = A
Execute Stage

I I
I ¢ I
| MU Stage 1 |
Divide Bypass
| i F=——= =" |
| LSU Stage 1 Stage 2 Divide |
I ' ' — I
| B'U Stage 2 Stage 3 Postdivide v v |
Execute I F— — — — 1
| BU SuU1 Su2 |
| | Finish Stage 3 Stage 4 |
| X ¥ Y \ ¥ |

Maximum two-instruction
completion per clock cycle

Y

I Completion Stage

!

| Write-Back Stage |

Figure 5-5. Instruction Pipeline Flow

The common pipeline stages are as follows:

* Instruction fetch—Includes the clock cycles necessary to request an instruction and the time the
memory system takesto respond to the request. Instructions retrieved are latched into the instruction
queue (1Q) for subsequent consideration by the dispatcher.
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Instruction fetch timing depends on many variables, such aswhether an instruction isin the on-chip
instruction cache or an L2 cache (if implemented). Those factors increase when it is necessary to
fetch instructions from system memory and include the processor-to-bus clock ratio, the amount of
bus traffic, and whether any cache coherency operations are required.
Because there are so many variables, unless otherwise specified, the instruction timing examples
in this chapter assume optimal performance and show the portion of the fetch stage in which the
instruction isin the instruction queue. The fetchl and fetch2 stages are primarily involved in
retrieving instructions.
» The decode/dispatch stage fully decodes each instruction; most instructions are dispatched to the
issue queues (however, isync, rfi, sc, nops, and some other instructions do not go to issue queues).
* Thetwo issue queues, BIQ and GIQ, can accept as many as one and two instructions, respectively,
inacycle. Thebehavior of instruction dispatch iscovered in significant detail in the €500 Software
Optimization Guide. The following simplification covers most cases:
— Instructions dispatch only from the two lowest |Q entries—I Q0 and 1Q1.
— A total of two instructions can be dispatched to the issue queues per clock cycle.

— Space must be available in the CQ for an ingtruction to decode and dispatch (this includes
instructions that are assigned a space in the CQ but not in an issue queue).
Dispatchistreated as an event at the end of the decode stage. Theissue stage reads source operands
from rename registers and register files and determines when instructions are latched into the
execution unit reservation stations. Note that the €500 has 14 rename registers, one for each
completion queue entry, so instructions cannot stall because of a shortage of rename registers.
The genera behavior of the two issue queues is described as follows:
— The GIQ accepts as many as two instructions from the dispatch unit per cycle. SU1, SU2, MU,
and all LSU instructions (including 64-bit loads and stores) are dispatched to the GIQ, shown
in Figure 5-6.
From 1Q0/1Q1

GIQ3

GIQ2
Glai —> Tosu2, MU, or LSU

GlQo —> To SU1, MU, or LSU

\& \& V¢ V¢

Figure 5-6. GPR Issue Queue (GIQ)

Instructions can be issued out-of-order from the bottom two GIQ entries (GIQ1-GIQO0). GIQO0
can issueto SU1L, MU, and LSU. GIQ1 canissueto SU2, MU, and LSU.

Note that SU2 executes a subset of the instructions that can be executed in SU1. The ability to
identify and dispatch instructions to SU2 increases the availability of SU1 to execute more
computational-intensive instructions.

Aninstruction in GIQ1 destined for SU2 or the L SU need not wait for an MU instruction in
GIQO that is stalled behind along-latency divide.
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The execute stage accepts instructions from its issue queue when the appropriate reservation
stations are not busy. In this stage, the operands assigned to the execution stage from theissue stage
are latched.

The execution unit executes the instruction (perhaps over multiple cycles), writes results on its
result bus, and notifies the CQ when the instruction finishes. The execution unit reports any
exceptions to the completion stage. I nstruction-generated exceptions are not taken until the
excepting instruction is next to retire.

Most integer instructions have a 1-cycle latency, so results of these instructions are available
1 clock cycle after an instruction enters the execution unit. The MU and LSU are pipelined, as
shown in Figure 5-5.

Branches resolve in execute stage. If a branch is mispredicted, it takes 5 cyclesfor the next
instruction to reach the execute stage.

The complete and write-back stages maintain the correct architectural machine state and commit
results to the architecture-defined registersin the proper order. If completion logic detects an
instruction containing an exception status or a mispredicted branch, all following instructions are
cancelled, their execution results in rename registers are discarded, and the correct instruction
stream is fetched.

The complete stage ends when the instruction is retired. Two instructions can be retired per clock
cycle. If no dependencies exist, as many as two instructions are retired in program orde.

The write-back stage occursin the clock cycle after theinstruction is retired.

The €500 core also provides new instructions that perform single-instruction, multiple-data (SIMD)
operations. These signal processing instructions consist of parallel operations on both the upper and lower
32 bits of two 64-bit GPR values and produce two 32-bit results written to a 64-bit GPR.

As shown in Figure 5-5, the LSU, MU, and SU1 replicate logic to support 64-bit operations. Although a
vector instruction generates separate, discrete resultsin the upper and lower halves of the target GPR,
latency and throughput for vector instructions are the same as those for their scalar equivalents.

5.6

Programming Model

The following section describes the €500 core registers. Figure 5-7 shows the €500 register set.
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Figure 5-7. €500 Core Programming Model
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5.7 On-Chip Cache Implementation

The core complex contains separate 32-Kbyte, eight-way set-associative, level 1 (L1) instruction and data
cachesto give rapid access to instructions and data.

The data cache supports four-state MESI memory coherency protocol. The core complex broadcasts all
cache management functions based on the setting of the address broadcast enable bit, HID1[ABE],
allowing management of other cachesin the system.

The caches implement a pseudo-least-recently-used (PLRU) replacement algorithm.

Parity generation and checking may be enabled for both caches, and each cache can be independently
invalidated through L1CSR1 and L 1CSRO. Additionally, instructions are provided to perform cache
locking and unlocking on both data and instruction caches on a cache-block granularity. These are listed
in Section 5.10.3, “Cache Control Instructions.”

Individual instruction cache blocks and data cache blocks can be invalidated using theicbi and dcbi
instructions, respectively. The entire data cache can be invalidated by setting L1CSRO[CFI]; the entire
instruction cache can be invalidated by setting L1CSR1[ICFI].

5.8 Interrupts and Exception Handling

The €500 core supports an extended exception handling model, with nested interrupt capability and
extensiveinterrupt vector programmability. The following sections define the exception model, including
an overview of exception handling as implemented on the €500 core, a brief description of the exception
classes, and an overview of the registersinvolved in the processes.

5.8.1 Exception Handling

In general, interrupt processing begins with an exception that occurs due to external conditions, errors, or
program execution problems. When the exception occurs, the processor checks to verify interrupt
processing isenabled for that particul ar exception. If enabled, theinterrupt causes the state of the processor
to be saved in the appropriate registers and prepares to begin execution of the handler located at the
associated vector address for that particular exception.

Once the handler is executing, the implementation may need to check one or more bits in the exception
syndromeregister (ESR) or the SPEFSCR, depending on the exception, to verify the specific cause of the
exception and take appropriate action.

The core complex provides the interrupts described in Section 5.8.5, “Interrupt Registers.”
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Interrupt Classes

All interrupts may be categorized as asynchronous/synchronous and critical/noncritical.

5.8.3

Asynchronousinterrupts (such as machine check, critical input, and external interrupts) are caused
by events that are independent of instruction execution. For asynchronous interrupts, the address
reported in a save/restore register is the address of the instruction that would have executed next

had the asynchronous interrupt not occurred.

Synchronous interrupts are those that are caused directly by the execution or attempted execution
of instructions. Synchronous inputs may be either precise or imprecise, which are described as
follows:

— Synchronous precise interrupts are those that precisely indicate the address of the instruction
causing the exception that generated the interrupt or, in some cases, the address of the
immediately following instruction. Theinterrupt type and status bitsindicate which instruction
is addressed in the appropriate save/restore register.

— Synchronous imprecise interrupts are those that may indicate the address of the instruction
causing the exception that generated the interrupt or some instruction after the instruction
causing theinterrupt. If theinterrupt was caused by either the context synchronizing mechanism
or the execution synchronizing mechanism, the address in the appropriate save/restore register
is the address of the interrupt forcing instruction. If the interrupt was not caused by either of
those mechanisms, the addressin the save/restoreregister isthelast instruction to start execution
and may not have completed. Noinstruction following theinstructionin the save/restore register
has executed.

Interrupt Types

The €500 core processes all interrupts as either machine check, critical, or noncritical types. Separate
control and status register sets are provided for each interrupt type. The core handles interrupts from these
three typesin the following priority order:

1.

Machine check interrupt (highest priority)—The €500 defines a separate set of resources for the
machine check interrupt. They use the machine check save and restore registers
(MCSRRO/MCSRR1) to save state when they are taken, and they use the rfmci instruction to
restore state. These interrupts can be masked by the machine check enable bit, MSR[ME].

Noncritical interrupts—First-level interrupts that allow the processor to change program flow to
handle conditionsgenerated by external signals, errors, or unusual conditionsarising from program
execution or from programmable timer-related events. These interrupts are largely identical to
those previously defined by the OEA portion of the architecture. They use save and restore
registers (SRRO/SRRL1) to save state when they are taken and they use therfi instruction to restore
state. Asynchronous noncritical interrupts can be masked by the external interrupt enable hit,
MSR[EE].

Critical interrupts—Critical interrupts can be taken during anoncritical interrupt or during regular
program flow. They use the critical save and restore registers (CSRRO/CSRR1) to save state when
they are taken and they use the rfci instruction to restore state. These interrupts can be masked by
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the critical enable bit, MSR[CE]. The embedded category definesthe critical input, watchdog
timer, and machine check interrupts as critical interrupts, but the 500 implements a third set of
resources for the machine check interrupt, as described in Table 5-6.

All interrupts except machine check are ordered within the two categories of noncritical and critical, such
that only one interrupt of each category isreported, and when it is processed (taken), no program state is
lost. Because savelrestoreregister pairs are serially reusable, program state may be lost when an unordered
interrupt is taken.

5.8.4 Upper Bound on Interrupt Latencies

Core complex interrupt latency is defined as the number of core clocks between the sampling of the
interrupt signal as asserted and the initiation of the IVOR fetch (that is, the fetch of the first instructionin
the handler). Core complex interrupt latency is determinate unless a guarded load or a cache-inhibited
stwcex. isbeing executed, in which case thelatency isindeterminate. The minimum latency is 3 core clocks
and the maximum is 8, not including the 2 bus clock cycles required to synchronize the interrupt signal
from the pad.

When an interrupt istaken, al instructions in the 1Q are thrown away unless the oldest instruction is a
load/store instruction. That is, if an asynchronous interrupt is being serviced and the oldest instruction is
not a load/store instruction, the core complex goes straight from sampling the interrupt to ensuring a
recoverable state and issuing an exception. If aload/store instruction is oldest, the core complex waits

4 clocks before ensuring a recoverable state. During this time, any instruction finished by the LSU is
deallocated.

5.8.5 Interrupt Registers

The registers associated with interrupt and exception handling are described in Table 5-6.
Table 5-6. Interrupt Registers

Register Description

Noncritical Interrupt Registers

SRR0O |Save/restore register 0—Holds the address of the instruction causing the exception or the address of the instruction
that will execute after the rfi instruction.

SRR1 Save/restore register 1—Holds machine state on noncritical interrupts and restores machine state after an rfi
instruction is executed.

Critical Interrupt Registers

CSRRO |Critical save/restore register 0—On critical interrupts, holds either the address of the instruction causing the
exception or the address of the instruction that will execute after the rfci instruction.

CSRR1 |Critical save/restore register 1—Holds machine state on critical interrupts and restores machine state after an rfci
instruction is executed.

Machine Check Interrupt Registers

MCSRRO |Machine check save/restore register 0—Used to store the address of the instruction that will execute after an rfmci
instruction is executed.

MCSRR1 |[Machine check save/restore register 1—Holds machine state on machine check interrupts and restores machine
state (if recoverable) after an rfmci instruction is executed.
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Table 5-6. Interrupt Registers (continued)

Register Description
MCAR |Machine check address register—Holds the address of the data or instruction that caused the machine check
interrupt. MCAR contents are not meaningful if a signal triggered the machine check interrupt.
Syndrome Registers
MCSR |Machine check syndrome register—Holds machine state information on machine check interrupts and restores
machine state after an rfmci instruction is executed.

ESR Exception syndrome register—Provides a syndrome to differentiate between the different kinds of exceptions that
generate the same interrupt type. Upon generation of a specific exception type, the associated bit is set and all
other bits are cleared.

SPE Interrupt Registers
SPEFSCR |Signal processing and embedded floating-point status and control register—Provides interrupt control and status
as well as various condition bits associated with the operations performed by the SPE.
Other Interrupt Registers
DEAR |Data exception address register—Holds the address that was referenced by a load, store, or cache management
instruction that caused an alignment, data TLB miss, or data storage interrupt.
IVPR Together, IVPR[32-47] || IVORnN [48-59] || 0bO00O0 define the address of an interrupt-processing routine. See
IVORs |Table 5-7 and the EREF for more information.

Each interrupt has an associated interrupt vector address, obtained by concatenating the 1VPR value with
the addressindex in the associated IVOR (that is, IVPR[32—47] || IVORN[48-59] || 0b0000). The resulting
addressisthat of the instruction to be executed when that interrupt occurs. IVPR and IVOR values are
indeterminate on reset, and must beinitialized by the system software using mtspr. Table 5-7 lists IVOR
registers implemented on the €500 and the associated interrupts.

Table 5-7. Interrupt Vector Registers and Exception Conditions

Register Interrupt

Embedded Category—Defined IVORs
IVORO Critical input

IVOR1 Machine check interrupt offset

IVOR2 Data storage interrupt offset

IVORS3 Instruction storage interrupt offset

IVOR4 External input interrupt offset

IVOR5 Alignment interrupt offset

IVOR6 Program interrupt offset

IVOR7 Floating-point unavailable interrupt offset

IVOR8 System call interrupt offset

IVOR9 Auxiliary processor unavailable interrupt offset

IVOR10 | Decrementer interrupt offset

IVOR11 | Fixed-interval timer interrupt offset

IVOR12 | Watchdog timer interrupt offset
IVOR13 |Data TLB error interrupt offset
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5.9

Table 5-7. Interrupt Vector Registers and Exception Conditions (continued)

Register Interrupt

IVOR14 |Instruction TLB error interrupt offset

IVOR15 |Debug interrupt offset
e500-Specific IVORs
IVOR32 | SPE unavailable interrupt offset

IVOR33 | SPE floating-point data exception interrupt offset

IVOR34 | SPE floating-point round exception interrupt offset

IVOR35 | Performance monitor

Memory Management

The €500 core complex supports demand-paged virtual memory as well other memory management
schemes that depend on precise control of effective-to-physical address trandation and flexible memory
protection as defined by the architecture. The mapping mechanism consists of software-managed TLBs
that support variable-sized pages with per-page properties and permissions. The following properties can
be configured for each TLB:

User-mode page execute access

User-mode page read access

User-mode page write access

Supervisor-mode page execute access

Supervisor-mode page read access

Supervisor-mode page write access

Write-through required (W)

Caching inhibited (1)

Memory coherency required (M) (the M bit has no effect on the MPC8544E). See Table 5-8
(feature “Multiprocessor functionality”) for further details.
Guarded (G)

Endianness (E)

User-definable (U0-U3), a4-bit implementation-specific field

The core complex employs atwo-level memory management unit (MMU) architecture. There are separate
instruction and datalevel-1 (L 1) MM Us backed up by a unified level-2 (L2) MMU.
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Thistwo-level structure is shown in Figure 5-8.

Memory Unit Instruction Line
To instruction unit < 32-Kbyte I-Cache [=€ FIll Bufter
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L1 Instruction MMU

4-Entry 64-Entry
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(TLB1) (TLBO)
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4-Entry 64-Entry
D-L1VSP D-L1TLB4K

Data Line
‘* FlIl Buffer
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32-Kbyte D-Cache [«

To load/store unit

A A

Y

Core Interface

Figure 5-8. MMU Structure

Level-1 MMUs have the following features:
» Four-entry, fully associative TLB array that supports all nine page sizes
* 64-entry, 4-way set-associative TLB 4-Kbyte array that supports 4-Kbyte pages only
» Hardware partially managed by L2 MMU
»  Supports snooping of TLBs by both internal and external tlbivax instructions

The level-2 MMU has the following features:
* A l16-entry, fully associative L2 TLB array (TLB1) that supports al nine variable page sizes
» TLB array (TLBO) that supports only 4-Kbyte pages, as follows:
— e500v1—256-entry, 2-way set-associative TLB array
— e500v2—512-entry, 4-way set-associative TLB array
» Hardwareassist for TLB miss exceptions
» Software managed by tlbre, tlbwe, tlbsx, tlbsync, tibivax, and mtspr instructions
»  Supports snooping of TLB by both internal and external tlbivax instructions

MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1

Freescale Semiconductor 5-23



Core Complex Overview

5.9.1 Address Translation

The core complex fetch and | oad/store units generate 32-bit effective addresses. TheMMU trandlatesthese
addresses to real addresses (32-bit real addresses for the e500v1 core, 36-bit for the e500v2) (which are
used for memory bus accesses) using an interim 41-bit virtual address.

Figure 5-9 shows the trandation flow for the e500v1 core.

ooe IS [DS]| eee MSR

Instruction Access—GD

»—-Data Access
G’ 32-Bit Effective Address (EA)
| 8 Bits 4-20 Bits* 12-28 Bits*
AS PIDO Effective Page Number Byte Address
PID1
PID2

Three 41-Bit Virtual Addresses (VAs)

L1 MMUs ¢

Instruction L1 MMU  Data L1 MMU

L2 MMU (Unified) 2 TLBs 2 TLBs
16-Entry Fully-Assoc. VSP Array (TLB1)

256-Entry 2-Way Set-Assoc. Array (TLBO)

A
Y

4-20 Bits* v 12-28 Bits* y
32-Bit Real Address Real Page Number Byte Address

* Number of bits depends on page size (4 Kbytes—256 Mbytes).

Figure 5-9. Effective-to-Real Address Translation Flow
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Figure 5-10 shows the same trandation flow for the e500v2 core.

ooe IS [DS]| eee

Instruction Access—GD

MSR

GD—Data Access

Core Complex Overview

32-bit Effective Address (EA)

| 8 bits 0-20 bits* 12-32 bits*
AS PIDO Effective Page Number Byte Address
PID1
PID2

Three 41-bit Virtual Addresses (VAs)

L2 MMU (unified)

16-Entry Fully-Assoc. VSP Array (TLB1)
512-Entry 4-Way Set Assoc. Array (TLBO)

L1 MMUs vy

Instruction L1 MMU  Data L1 MMU

2 TLBs

36-bit Real Address
* Number of bits depends on page size

(4 Kbytes—4 Gbytes)

A

Y

2 TLBs

4-24 bits* )

12-32 bits*

Real Page Number

Byte Address

Figure 5-10. Effective-to-Real Address Translation Flow (e500v2)

The appropriate L1 MMU (instruction or data) is checked for a matching address trandation. The
instruction L1 MMU and dataL 1 MMU operate independently and can be accessed in parallel, so that hits
for instruction accesses and data accesses can occur in the same clock. If an L1 MM U misses, the request
for translation is forwarded to the unified (instruction and data) L2 MMU. If found, the contents of the
TLB entry are concatenated with the byte address to obtain the physical address of the requested access.
On misses, the L1 TLB entries are replaced from their L2 TLB counterparts using a true LRU algorithm.

5.9.2 MMU Assist Registers (MAS0-MAS4 and MAS6-MAS7)

MMU assist registers are used to hold values either read from or to be written to the TLBs and information
required to identify the TLB to be accessed. MAS3 implements the real page number (RPN), the user
attribute bits (U0-U3), and permission bits (UX, SX, UW, SW, UR, SR) that specify user and supervisor

read, write, and execute permissions.

The €500 does not implement MAS5.
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MAS registers are affected by the following instructions (see for more detailed information):
* MAS registers are accessed with the mtspr and mfspr instructions.

* The TLB Read Entry instruction (tlbre) causes the contents of asingle TLB entry from the L2
MMU to be placed in defined locationsin MASO—MAS3 (and optionally MAS7 on the eé500v2).
The TLB entry to be extracted is determined by information written to MASO and MAS2 before
the tlbreinstruction is executed.

* The TLB Write Entry instruction (tlbwe) causes the information stored in certain locations of
MASO-MAS3 (and MAS7 on the €500v2) to be written to the TLB specified in MASO.

» TheTLB Search Indexed instruction (tlbsx) updates MA Sregistersconditionally, based on success
or failure of alookup inthe L2 MMU. The lookup is specified by the instruction encoding and
specific search fieldsin MASG. The values placed in the MA Sregisters may differ, depending on
asuccessful or unsuccessful search.

For TLB miss and certain MM U-related DSI/ISI exceptions, MA S4 provides default values for updating
MASO-MAS2.

5.9.3 Process ID Registers (PID0-PID2)

The €500 core complex aso implements three process ID (PID) registers that hold the values used to
construct the three virtual addressesfor each access. These process IDs provide an extended page sharing
capability. Which of thesethree virtual addressesisused is controlled by the TID field of amatching TLB
entry, and when TID = 0x00 (identifying a page as globally shared), the PID values are ignored.

A hittomultiple TLB entriesintheL1 MMU (evenif they arein separate arrays) or ahit to multipleentries
inthe L2 MMU is considered to be a programming error.

5.94 TLB Coherency

The core complex providestheability toinvalidateaTLB entry, asdefined by the architecture. Thetlbivax
instruction invalidates a matching local TLB entry. Execution of thisinstruction is also broadcast on the

core complex bus (CCB) if HID1[ABE] is set. The core complex also snoops TL B invalidate transactions
on the CCB from other bus masters.

5.10 Memory Coherency

The core complex supports four-state memory coherency. Memory coherency is hardware-supported on
the system bus through bus snooping and the retry/copyback bus protocol, and through broadcasting of
cache management instructions. Trandation coherency is also hardware-supported through broadcasting
and bus snooping of TLB invalidate transactions. The four-state MES protocol supports efficient
large-scal e real-time data sharing between multiple caching bus masters.

5.10.1 Atomic Update Memory References

The €500 core supports atomic update memory references for both aligned word forms of data using the
load and reserve and store conditional instruction pair, lwar x and stwex. Typically, aload and reserve
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instruction establishesareservation and is paired with a store conditional instruction to achieve the atomic
operation. However, there are restrictions and requirements for this functionality. The processor revokes
reservations during a context switch, so the programmer must reacquire the reservation after a context
switch occurs.

5.10.2 Memory Access Ordering

The core complex supports weakly ordered references to memory. Thus the €500 manages the order and
synchronization of instructions to ensure proper execution when memory is shared between multiple
processes or programs. The cache and data memory control attributes, along with msync and mbar,
provide the required access control.

5.10.3 Cache Control Instructions

The core complex supports instructions for performing afull range of cache control functions, including
cache locking by line. The core complex supports broadcasting and snooping of these cache control
instructions on the CCB. The €500 core al so supports the following e500-specific cache locking
instructions:

» Data Cache Block Lock Clear (dcblc)

» Data Cache Block Touch and Lock Set (dcbtls)

» Data Cache Block Touch for Store and Lock Set (dcbtstls)
* Instruction Cache Block Lock Clear (icblc)

* Instruction Cache Block Touch and Lock Set (icbtls)

5.10.4 Programmable Page Characteristics

Cache and memory attributes are programmable on a per-page basis. In addition to the write-through,
caching-inhibited, memory coherency enforced, and guarded characteristics defined by the WIMG bits,
the endianness bit, E, allows selection of big- or little-endian byte ordering on a per-page basis.

In addition to the WIMGE bits, the MMU model defines user-definable page attribute bits U0-U3.

5.11 Core Complex Bus (CCB)

The core complex defines a versatile local bus interface that allows awide range of system performance
and system-complexity trade-offs. The interface defines the following buses:

* Anaddress-out bus for mastering bus transactions

* Anaddress-in bus for snooping internal resources

* Three tagged data buses
Two of the databuses are general-purpose data-in busesfor reads, and the third isadata-out busfor writes.
The two data-in buses feature support for out-of-order read transactions from two different sources

simultaneously, and all three data buses may be operated concurrently. The address-in bus supports
snooping for external management of the L1 caches and TLBs by other bus masters. The core complex
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broadcasts and snoops the cache and TLB management instructions accordingly. It is envisioned that a
wide range of system implementations can be constructed from the defined interface.

5.12 Performance Monitoring

The €500 core provides a performance monitoring capability that allows counting of events such as
processor clocks, instruction cache misses, data cache misses, mispredicted branches, and others. The
count of these events may be configured to trigger a performance monitor exception following the 500
interrupt model. This interrupt is assigned to vector offset register I'VORS5.

Theregister set associated with the performance monitoring function consists of counter registers, aglobal
control register, and local control registers. These registers are read/write from supervisor mode, and each
register is reflected to a corresponding read-only register for user mode. Two instructions, mtpmr and
mfpmr, are provided for moving data to and from these registers. An overview of the performance
monitoring registersis provided in the following sections.

5.12.1 Global Control Register

The PMGCO register provides global control of the performance monitoring facility from supervisor
mode. From thisregister all counters may be frozen, unfrozen, or configured to freeze on an enabled
condition or event. Additionally, the performance monitoring facility may be disabled or enabled from this
register. The contents of PMGCO are reflected to UPMGCO, which may be read from user mode using the
mfpmr instruction.

5.12.2 Performance Monitor Counter Registers

There are four counter registers (PCM0-PCM3) provided in the performance monitoring facility. These
32-bit registers hold the current count for software-sel ectable events and can be programmed to generate
an exception on overflow. These registers may be written or read from supervisor mode using the mtpmr
and mfpmr instructions. The contents of these registers are reflected to UPCM0-UPCM 3, which can be
read from user mode with mfpmr.
Performance monitor exceptions occur only if all of the following conditions are met:

* A counter isin the overflow state.

* The counter's overflow signaling is enabled.

» Overflow exception generation is enabled in PMGCO.

«  MSR[EE] is set.

5.12.3 Local Control Registers

For each of the counter registers, there are two corresponding local control registers. These two registers
specify which of the 128 available eventsis to be counted, what specific action isto be taken on overflow,
and various options for freezing a counter value under given modes or conditions.

 PMLCa0-PMLCa3 provide fields that allow freezing of the corresponding counter in user mode,
supervisor mode, or under software control. Additionally, the overflow condition may be enabled
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or disabled from this register. The contents of these registers are reflected to
UPML Ca0-UPML Ca3, which can be read from user mode with mfpmr.

*  PMLCbO—-PMLCDb3 provide count scaling for each counter register using configurable threshold
and multiplier values. The threshold is a 6-bit value and the multiplier is a 3-bit encoded value,
allowing eight multiplier valuesin the range of 1 to 128. Any counter may be configured to
increment only when an event occurs more than [threshold x multiplier] times. The contents of
these registers are reflected to UPML CbO-UPML Cb3, which can be read from user mode with
mfpmr.

5.13 Legacy Support of Power Architecture Technology

This section provides an overview of the architectural differences and compatibilities of the €500 core
compared with the AIM Power Architecture technology. The two levels of the €500 programming
environment are as follows:

» User level—This defines the base user-level instruction set, user-level registers, data types,
memory conventions, and the memory and programming models seen by application
programmers.

» Supervisor level—This defines supervisor-level resources typically required by an operating
system, the memory management model, supervisor level registers, and the exception model.
Like all devicesthat implement the Power Architecture technology, in general, the €500 core supports the

user-level architecture. The following sections are intended to highlight the main differences. For specific
implementation details refer to the relevant chapter.

5.13.1 Instruction Set Compatibility

The following sections generally describe the user and supervisor instruction sets.

5.13.1.1 User Instruction Set

The €500 core executes legacy user-mode binaries and object files except for the following:

* The €500 supports vector and scalar single-precision floating-point operations as part of the SPE.
The e500v2 supports scalar double-precision floating-point instructions. These instructions have
different encoding than the AIM definition of the architecture. Additionally, the €500 core uses
GPRs for floating-point operations, rather than the FPRs defined by the UISA. Most porting of
floating-point operations can be handled by recompiling.

» String instructions are not implemented on the e500; therefore, trap emul ation must be provided to
ensure backward compatibility.

5.13.1.2 Supervisor Instruction Set

The supervisor mode instruction set defined by the PowerPC architecture is compatible with the €500 with
the following exceptions:

* The MMU architecture is different, so some TLB manipulation instructions have different
semantics.
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* Instructions that support the BATs and segment registers are not implemented.

5.13.2 Memory Subsystem

The architecture provides separate instruction and data memory resources. The €500 provides additional
cache control features, including cache locking.

5.13.3 Exception Handling

Exception handling is generally the same as that defined in the AIM version of the architecture for the
€500, with the following differences:

* Thecritical interrupt provides an extralevel of interrupt nesting. The critical interrupt includes
external critical and watchdog timer time-out inputs.

» The machine check exception uses the Return from Machine Check Interrupt instruction, rfmci,
and two machine check save/restore registers, MCSRRO and MCSRR1.

* VPR and IVORs set interrupt vectors individually, but they can be set to the address offsets
defined in the OEA to provide compatibility.

» The embedded category does not define areset vector; execution begins at afixed virtual address,
OXFFFF_FFFC.

» Timer services are generally compatible, although the embedded category defines a new
decrementer auto reload feature, the fixed-interval timer critical interrupt, and the watchdog timer
interrupt, which are implemented in the 500 core.

An overview of theinterrupt and exception handling capabilities of the €500 core can be found in
Section 5.8, “Interrupts and Exception Handling.”

5.13.4 Memory Management

The embedded category defines resources for fixed 4-Kbyte pages and multiple, variable page sizes that
can be configured in a single implementation. TL B management is provided with new instructions and
SPRs.

5.13.5 Reset

Embedded category—compliant cores do not share a common reset vector with the AIM version of the
architecture. Instead, at reset fetching begins at address OxFFFF_FFFC. In addition, the Freescale MM U
category defines specific aspects of the MMU page trand ation and protection mechanisms. Unlike the
AIM version of the core, as soon as instruction fetching begins, the €500 core isin virtual mode with a
hardware-initialized TLB entry.

MMU operations are described in the EREF.
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Little-Endian Mode

Unlike the AIM version of the architecture, where little-endian mode is controlled on a system basis, the
embedded category allows control of byte ordering on a memory page basis. In addition, the little-endian
byte ordering used is true little endian.

5.14

PowerQUICC lll Implementation Details

Table 5-8 summarizes details of the PowerQUICC I11-specific implementation of the €500 core.

Table 5-8. Differences Between the €500 Core and the PowerQUICC Ill Core Implementation

Feature

PowerQUICC lll Implementation

Cache protocol

The L2 cache is a write-through cache and does not support MESI cache protocol.

Multiprocessor
functionality

Because PowerQUICC Il is designed for a uniprocessor environment, the following €500 functionality is not

implemented:

* The memory coherence bit, M, which is controlled through MAS2[M] and MAS4[MD] has no effect.

e HID1[ABE] has meaning only in that it must be set to ensure that cache and TLB management instructions
operate properly with respect to the L2 cache.

* Dynamic snooping does not occur in power-stopped state (see the note below in the entry for dynamic bus
snooping).

Nexus support

Nexus is not supported. The Nexus processor ID register (NPIDR) and the Nexus bus enable bit
(HID1[NEXEN]) are not supported.

R1 and R2 data

R1 and R2 data bus parity are disabled on PowerQUICC Il devices. HID1[R1DPE,R2DPE] are reserved.

implementation

bus parity
Dynamic bus The PowerQUICC Il devices do not perform dynamic bus snooping as described here. That is, when the €500
snooping core is in core-stopped state (which is the state of the core when the PowerQUICC 11l device is in either the
nap or sleep state), the core is not awakened to perform snoops on global transactions.
Supported PowerQUICC Il devices define values for 00, 01, 10, and 11, as described in Table 6-9 on page 6-15.
TCR[WRC]
SPE and The SPE (which includes the embedded vector and scalar floating-point instructions) will not be implemented
floating-point in the next generation of PowerQUICC devices. Freescale Semiconductor strongly recommends that use of
categories these instructions be confined to libraries and device drivers. Customer software that uses these instructions
at the assembly level or that uses SPE or floating-point intrinsics will require rewriting for upward compatibility
with next generation PowerQUICC devices.
The e500v2 core implements SPE double-precision floating-point instructions.
Freescale Semiconductor offers a libcfsl_e500 library that uses SPE instructions. Freescale Semiconductor
will also provide future libraries to support next generation PowerQUICC devices.
HIDO SEL_TBCLK bit. Selects time base clock. If this bit is set and the time base is enabled, the time base is based

on the TBCLK input, which on the PowerQUICC Il devices is RTC.
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Table 5-8. Differences Between the e500 Core and the PowerQUICC Il Core Implementation (continued)

Feature

PowerQUICC lll Implementation

HID1
Implementation

PLL_MODE. Set to 01
PLL_CFG. This PowerQUICC Il device supports the following:

NEXEN, R1DPE, R2DPE, MPXTT, MSHARS, SSHAR, ATS, and MID are not implemented
On PowerQUICC lIl devices, ABE must be set to ensure that cache and TLB management instructions
operate properly on the L2 cache.

Please refer to the description of HID1[RFXE] in Section 6.10.2, “Hardware Implementation-Dependent

Register 1 (HID1)”

If RFXE is 0, conditions that cause the assertion of core_fault_in cannot directly cause the €500 to generate

a machine check; however, PowerQUICC 1l devices must be configured to detect and enable such conditions.
The following describes how error bits should be configured:

e ECM mapping errors: EEER[LAEE] must be set. See Section 8.2.1.6, “ECM Error Enable Register (EEER).”

e L2 multiple-bit ECC errors: L2ZERRDIS[MBECCDIS] must be cleared to ensure that error can be detected.
L2ERRINTEN[MBECCINTEN] must be set. See Section 7.3.1.4, “L2 Error Registers.”

e DDR multiple-bit ECC errors. ERR_DISABLE[MBED] and ERR_INT_EN[MBEE] must be zero and
DDR_SDRAM_CFGI[ECC_EN] must be one to ensure that an interrupt is generated. See Section 9.4.1,
“Register Descriptions.”

* PCI. The appropriate parity detect and master-abort bits in ERR_DR must be cleared and the
corresponding enable bits in ERR_EN must be set to ensure that an interrupt is generated.

Local bus controller parity errors. LTEDR[PARD] must be cleared and LTEIR[PARI] must be set to ensure that

an parity errors can generate an interrupt. See Section 14.3.1.11, “Transfer Error Check Disable Register

(LTEDR),” and Section 14.3.1.12, “Transfer Error Interrupt Enable Register (LTEIR).

PIR value The PIR value is all zeros on PowerQUICC Il devices.

PVR value The PVR reset value is 0x80nn_nnnn. See Table 5-1 for specific values.
PVR[VERSION] = 0x80nn
PVR[REVISION] = 0xnnnn

SVR value The SVR reset value is 0x80nn_nnnn. See Table 5-1 for specific values.

Alternate time
base

The alternate time base defines a time base counter similar to the time base defined in architecture. It is
intended to be used for measuring time in implementation defined intervals. It differs from the defined Time
Base in that it is not writable and always counts up, wrapping when the 64-bit count overflows. It defines two

SPRs, ATBL (SPR 526) and ATBL (SPR 527).
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Chapter 6
Core Register Summary

This chapter describes the €500 register model and indicates whether each register isdefined by the Power
Architecture technology, by the Freescale embedded category implementation standards (EIS), or by the
implementation. For the programmer, drawing this distinction indicates the degree to which code is
portable among Freescal e processors.

This chapter provides reference material—figures for each register and complete descriptions of register
fields, including how the registers are accessed, reset values, and whether they can be accessed by user-
and supervisor-level software. Detailed discussions of how theseregisters are used are provided in EREF:
A Reference for Freescale Book E and the 500 Core and the PowerPC™ €500 Core Family Reference
Manual.

Note that al registers described here are implemented in the hardware as part of the €500 core.

6.1 Overview

As shown in Figure 6-1, most of the registers implemented are defined by the architecture, and most of
those were defined by the AIM definition of the architecture and have changed very little. Additional
registers and fields within registers are defined by the EIS and by the implementation.

The Power Architecture technology defines some register fields in a very general way, leaving some
details as implementation specific. In some cases, this more specific functionality is defined by the EIS;
in othersit isleft up to the processor. This chapter identifies the level at which each featuresis defined.

References to €500 are true for both the e500v1 and e500v?2.

6.1.1 Register Set

Table 6-1 shows the €500 register set, grouped by whether they can be accessed by user- or
supervisor-level software. Unless otherwise indicated, these registers are defined by the base or embedded
category.
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/ General-Purpose Registers

0 31 32 63
(upper) GPRO? (lower)
GPR1 General-
GPR2 purpose
registers
| GPR31 |

Performance Monitor Registers
(read-only PMRs)

User-Level Registers
Instruction-Accessible Registers

31 32 63
spr QCTiR
srg[ LR |
spr 1 [ XER |

spr 512 SPEFSCR |

ACC® |

Condition register
Count register
Link register

Integer exception
register

SPE FP status/control
register

Accumulator

pmr 384| UPMGCO® | Global control register

pmr 128—131{UPMLCa0-33

pmr0-3] UPMCs 3
@ 256-259|UPMLCb0-39

Counter
registers 0-3

Local control registers
a0-a3

Local control registers
b0-b3

Miscellaneous Registers

spr513| BBEARS
spr514| BBTAR®

Branch buffer entry
address register

Branch buffer target
address register

x

User General SPR (read/write)

82 63 User SPR
spr256| USPRGO | general 0!

General SPRs (read only)

spr259| SPRGS3

spr260| SPRG4 SPR general
... registers 3—7

spr263| SPRG7

Time-Base Registers (read only)

spr 268 TBL Time base

spr 269 TBU lower/upper

spr 515

L1 Cache (read only)

L1CFGO03 | L1 cache

L1CFG1°3

spr 516

goqfiguration registey

Supervisor-Level Registers

Interrupt Registers

32 63
spr 63 IVPR Interrupt vector
prefix
spr26| SRRO Save/restore
spr 27 SRR1 registers 0/1
spr58 CSRRO -
spr59]  CSRR Critical SRR 0/1
spr570| MCSRRO® | Machine check
spr571| MCSRR13 | SRR 0/1
Exception syndrome
spr 62 ESR register Y
spr572] MCSR® | Machine check
syndrome register
spr573| MCAR Machine check
address register
spr569] MCARU* | Machine check
address register upper
spr 61 DEAR Data exception
address register
Debug Registers
spr308, DBCRO
Debug control
spr309| DBCR1 registers 0-2
spr310{ DBCR2
spr304| DBSR Debug status register
spr312 IAC1 Instruction address
compare
spr313 IAC2 regispters 1-4
spr316 DAC1 Data address
compare
spr317|  DAC2 regispters 1and 2

32 63
spr 400 IVORO
spr 401 IVOR1 Interrupt vector offset
. .. registers 0-15
spr415| IVOR15
spr528| IVOR323
3
spr529| IVOR33 Interrupt vector offset
spr530] IVOR34® registers 32-35
spr531| IVOR35°

MMU Control and Status (read/write)

3] MMU control and status
spr 1012 MMUCSRO register 0
spr624|  MAS0®
spr625| MAS1®
MAS28
spr 626 S MMU assist
spr627| MAS33 registers
spr 628 MAS43 0-4 and 6
spr63o] MASE®
spr944| MAS7*
spr 48 PIDO
3 Process ID
spr633|  PID1 registers 0—2
spr634| PID28

MMU Control and Status (read only)

spr 1015 MMUCFG® | MMU configuration

spr 688| TLBOCFG3
spr 689| TLB1CFG3

TLB configuration 0/1

L1 Cache (read/write)

L1CSRO® | |1 Cache
L1CSR13 | Control/Status 0/1

spr 1010
spr 1011

Configuration Registers

spr 1023
spr 286
spr 287

Timer/Decrementer Registers

spr 22
spr 54

spr 284
spr 285

spr 340

spr 336

Miscellaneous Registers

spr 1008
spr 1009

spr 1013

spr272-279

Performance Monitor Registers

pmr 400
pmr 16-19

pmr 144-147
pmr 272-275

32 63
MSR

System version
Processor ID

PVR

Machine state

Processor version

DEC Decrementer
Decrementer
DECAR auto-reload
TBL Time base
TBU lower/upper
Timer control
TSR Timer status

HIDO® Harfiwaret i
3 implementation
HID1 degendent 0-1
BUCSR® Branch control and

status register

SPRGO-7 | General SPRs 0-7

PMGCO0® | Global control
PMC0-3% | Counter registers 0-3

PMLCa0-33
PMLCb0-33

Local control a0-a3
Local control bO-b3

J

e500v2 only

U’!AO)I\J—‘/

USPRGO is a separate physical register from SPRGO.
The 64-bit GPR registers are accessed by the SPE as separate 32-bit registers by SPE instructions. Only SPE vector instructions can access the upper word.
These registers are defined by the EIS and are not part of the Book E architecture.

These registers are e500-specific

Figure 6-1. Core Register Model
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Core Register Summary

Register Model for 32-Bit Implementations

Embedded 32-bit processors implement the following types of software-accessible registers:

Architecture-defined registers that are accessed as part of instruction execution. These include the
following:

— Registers used for computation. These include the following:

— Genera-purpose registers (GPRs)—The 32 GPRs hold source and destination operands for
load, store, arithmetic, and computational instructions, and to read and write to other
registers. The €500 implements these as 64-bit registers for use with 64-bit load, store, and
merge instructions, as described in Section 6.3.1, “ General -Purpose Registers (GPRS).”

— Integer exception register (XER)—Bitsin this register are set based on the operation of an
instruction considered as a whole, not on intermediate results. (For example, the Subtract
from Carrying instruction (subfc), the result of which isspecified asthe sum of threevalues,
sets bitsin the XER based on the entire operation, not on an intermediate sum.)

These registers are described in Section 6.3, “ Registers for Computationa Operations.”

— Condition register (CR)—Used to record conditions such as overflows and carries that occur
asaresult of executing arithmetic instructions (including those implemented by the SPE). The
CR isdescribed in Section 6.4, “Registers for Branch Operations.”

— Machine state register (M SR)—Used by the operating system to configure parameters such as
user/supervisor mode, address space, and enabling of asynchronousinterrupts. Thisregister is
described in Section 6.5.1, “Machine State Register (MSR),” grouped with processor control
SPRs.

Special-purpose registers (SPRs) are accessed explicitly using mtspr and mfspr instructions.

These registers are listed in Table 6-1 in Section 6.2.1, “ Special-Purpose Registers (SPRs).”

Freescale EIS— and e500-defined SPRs that are accessed explicitly using mtspr and mfspr are

listed in Table 6-2 in Section 6.2.1, “ Special-Purpose Registers (SPRs).”

Freescale El S—defined performance monitor registers (PMRs). Theseregistersaresimilar to SPRs,
but are accessed with Freescale El S-defined move to and move from PMR instructions (mtpmr
and mfpmr).

In this chapter, SPRs are grouped by function as follows:

Section 6.4, “Registers for Branch Operations,” describes the count register (CTR) and the link
register (LR).

Section 6.5, “Processor Control Registers’

Section 6.6, “ Timer Registers’

Section 6.7, “Interrupt Registers’

Section 6.8, “ Software-Use SPRs (SPRG0-SPRG7 and USPRGO0),” describes SPRs defined for
software use.

Section 6.9, “Branch Target Buffer (BTB) Registers,” describes e500-specific registers defined to
support the €500 tabs.

Section 6.10, “Hardware I mplementation-Dependent Registers,” describes HIDO and HID1.
Section 6.11, “L1 Cache Configuration Registers’
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¢ Section6.12, “MMU Registers’

* Section 6.13, “Debug Registers”

» Section 6.14, “ Signal Processing and Embedded Floating-Point Status and Control Register
(SPEFSCR)”

The €500 core implements 64-bit GPRS, the upper 32 bits of which are used only with 64-bit load, store,
and merge instructions.

6.2.1

Table 6-1 summarizes SPRs. The SPR numbers are used in the instruction mnemonics. Bit 5in an SPR
number indicates whether an SPR is accessible from user- or supervisor-level software. An mtspr or
mfspr instruction that specifies an unsupported SPR number is considered an invalid instruction.

Special-Purpose Registers (SPRs)

In Table 6-1 and in the register figures and field descriptions, the following access definitions apply:
* Reserved fields are aways ignored for the purposes of determining access type.

* R/W, R, and W (read/write, read only, and write only) indicate that all the non-reserved fieldsin a
register have the same access type.

» wilcindicatesthat all of the non-reserved fieldsin aregister are cleared by writing onesto them.
* Mixed indicates a combination of access types.
» Specia isused when no other category applies. Inthis case theregister figure and field description
table should be read carefully.
NOTE

Writing to the following registers requires synchronization, as described in
the “ Synchronization Requirements’ section in the “Register Model”
chapter of the PowerPC™ €500 Core Family Reference Manual.

* BTB locking registers—BBEAR, BBTAR, and BUCSR

« DBCRn
* HIDn
e LI1CSRn
* MMU registers—MASn, MMUCSRO, PIDn
 SPEFSCR
Table 6-1. Base and Embedded Category Special-Purpose Registers (by SPR Abbreviation)
SPR Defined SPR Number Supervisor Section/
Abbreviation Name . . Access Only Page
Decimal Binary
CSRRO Critical save/restore register 0 58 00001 11010 | Read/Write Yes 6.7.1.1/6-17
CSRR1 Critical save/restore register 1 59 00001 11011 | Read/Write Yes 6.7.1.2/6-17
CTR Count register 9 00000 01001 | Read/Write No 6.4.3/6-11
MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1
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Table 6-1. Base and Embedded Category Special-Purpose Registers (by SPR Abbreviation) (continued)

Defined SPR Number

SPR Supervisor Section/
Abbreviation Name . . Access Only Page
Decimal Binary
DACH1 Data address compare 1 316 01001 11100 | Read/Write Yes 6.13.4/6-45
DAC2 Data address compare 2 317 01001 11101
DBCRO Debug control register 0 ! 308 01001 10100 | Read/Write Yes 6.13.1/6-39
DBCR1 Debug control register 1 1 309 01001 10101 | Read/Write Yes
DBCR2 Debug control register 2 1 310 01001 10110 | Read/Write Yes
DBSR Debug status register 304 01001 10000 wic? Yes 6.13.2/6-43
DEAR Data exception address register 61 00001 11101 | Read/Write Yes 6.7.1.5/6-18
DEC Decrementer 22 00000 10110 | Read/Write Yes 6.6.4/6-16
DECAR Decrementer auto-reload 54 00001 10110 | Write only
ESR Exception syndrome register 62 00001 11110 | Read/Write Yes 6.7.1.8/6-19
IAC1 Instruction address compare 1 312 01001 11000 | Read/Write Yes 6.13.3/6-45
IAC2 Instruction address compare 2 313 01001 11001
IVORO Critical input 400 01100 10000 | Read/Write Yes 6.7.1.7/6-18
IVOR1 Machine check interrupt offset 401 01100 10001
IVOR2 Data storage interrupt offset 402 01100 10010
IVORS3 Instruction storage interrupt offset 403 01100 10011
IVOR4 External input interrupt offset 404 01100 10100
IVOR5 Alignment interrupt offset 405 01100 10101
IVOR6 Program interrupt offset 406 01100 10110
IVORS8 System call interrupt offset 408 01100 11000
IVOR10 Decrementer interrupt offset 410 01100 11010
IVOR11 Fixed-interval timer interrupt offset 411 01100 11011
IVOR12 Watchdog timer interrupt offset 412 01100 11100
IVOR13 Data TLB error interrupt offset 413 01100 11101
IVOR14 Instruction TLB error interrupt offset 414 01100 11110
IVOR15 Debug interrupt offset 415 01100 11111
IVPR Interrupt vector 63 00001 11111 | Read/Write Yes 6.7.1.6/6-18
LR Link register 8 00000 01000 | Read/Write No 6.4.2/6-11
PID Process ID register 2 48 00001 10000 | Read/Write Yes 6.12.1/6-32
PIR Processor ID register 286 01000 11110 | Read only Yes 6.5.2/6-13
PVR Processor version register 287 01000 11111 Read only Yes 6.5.3/6-13
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Table 6-1. Base and Embedded Category Special-Purpose Registers (by SPR Abbreviation) (continued)

Defined SPR Number

SPR Supervisor Section/
Abbreviation Name . . Access Only Page
Decimal Binary
SPRGO SPR general 0 272 01000 10000 | Read/Write Yes 6.8/6-22
SPRG1 SPR general 1 273 01000 10001 | Read/Write Yes
SPRG2 SPR general 2 274 01000 10010 | Read/Write Yes
SPRG3 SPR general 3 259 01000 00011 Read only No*
275 01000 10011 | Read/Write Yes
SPRG4 SPR general 4 260 01000 00100 | Read only No
276 01000 10100 | Read/Write Yes
SPRG5 SPR general 5 261 01000 00101 | Read only No 6.8/6-22
277 01000 10101 | Read/Write Yes
SPRG6 SPR general 6 262 01000 00110 | Read only No
278 01000 10110 | Read/Write Yes
SPRG7 SPR general 7 263 01000 00111 | Read only No
279 01000 10111 | Read/Write Yes
SRRO Save/restore register 0 26 00000 11010 | Read/Write Yes 6.7.1.1/6-17
SRR1 Save/restore register 1 27 00000 11011 | Read/Write Yes 6.7.1.2/6-17
TBL Time base lower 268 01000 01100 | Read only No 6.6.3/6-16
284 01000 11100 | Write only Yes
TBU Time base upper 269 01000 01101 Read only No
285 01000 11101 Write only Yes
TCR Timer control register 340 01010 10100 | Read/Write Yes 6.6.1/6-14
TSR Timer status register 336 01010 10000 wic® Yes 6.6.2/6-15
USPRGO |User SPR general 0% 256 01000 00000 | Read/Write No 6.8/6-22
XER Integer exception register 1 00000 00001 | Read/Write No 6.3.2/6-8

Accesses to this register requires synchronization, as described in the “Synchronization Requirements” section of the
“Register Model” chapter of the PowerPC™ e500 Core Family Reference Manual

The DBSR is read using mfspr. It cannot be directly written to. Instead, DBSR bits corresponding to 1 bits in the GPR can be
cleared using mtspr.
Implementations may support more than one PID. For implementations with multiple PIDs, the PID defined by the embedded
category is PIDO.
User-mode read access to SPRG3 is implementation dependent.
5 The TSR is read using mfspr. It cannot be directly written to. Instead, TSR bits corresponding to 1 bits in the GPR can be
cleared using mtspr.
USPRGO is a separate physical register from SPRGO.
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Table 6-2 describes the implementati on-specific SPRs and SPRs defined by categories other than the base
and embedded categories. Compilers should recognize the mnemonic names given in Table 6-2 when
parsing instructions.

Table 6-2. Additional SPRs (by SPR Abbreviation)

Abbrsel\alﬁtion Name SPR Number Access Su;)c;e;\ll;sor S(:’c;t;n/
BBEAR Branch buffer entry address register 513 Read/Write No 6.9.1/6-23
BBTAR Branch buffer target address register ! 514 Read/Write No 6.9.2/6-23
BUCSR Branch unit control and status register ! 1013 Read/Write Yes 6.9.3/6-24

HIDO Hardware implementation dependent reg 0 1008 Read/Write Yes 6.10.1/6-25
HID1 Hardware implementation dependent reg 1 1009 Read/Write Yes 6.10.2/6-26
IVOR32 SPE unavailable interrupt offset 528 Read/Write Yes 6.7.1.7/6-18
IVOR33 Floating-point data exception interrupt offset 529 Read/Write Yes
IVOR34 Floating-point round exception interrupt offset 530 Read/Write Yes
IVOR35 Performance monitor 531 Read/Write Yes
L1CFGO L1 cache configuration register 0 515 Read only No 6.11.3/6-30
L1CFG1 L1 cache configuration register 1 516 Read only No 6.11.4/6-31
L1CSRO L1 cache control and status register 0 1 1010 Read/Write Yes 6.11.1/6-28
L1CSR1 L1 cache control and status register 1 1 1011 Read/Write Yes 6.11.2/6-29
MASO MMU assist register 0 624 Read/Write Yes 6.12.5.1/6-35
MAS1 MMU assist register 1 625 Read/Write Yes 6.12.5.2/6-35
MAS2 MMU assist register 2 626 Read/Write Yes 6.12.5.3/6-36
MAS3 MMU assist register 3 1 627 Read/Write Yes 6.12.5.4/6-37
MAS4 MMU assist register 4 ' 628 Read/Write Yes 6.12.5.5/6-38
MAS6 MMU assist register 6 ' 630 Read/Write Yes 6.12.5.6/6-38
MAS7 MMU assist register 7 1 944 Read/Write Yes 6.12.5.7/6-39
MCAR Machine check address register 573 Read only Yes 6.7.2.3/6-21
MCARU Machine check address register upper 569 Read only Yes 6.7.2.3/6-21
MCSR Machine check syndrome register 572 Read/Write Yes 6.7.2.4/6-21
MCSRRO |Machine check save/restore register O 570 Read/Write Yes 6.7.2.1/6-20
MCSRR1 Machine check save/restore register 1 571 Read/Write Yes 6.7.2.2/6-20
MMUCFG |MMU configuration register 1015 Read only Yes 6.12.3/6-32
MMUCSRO [MMU control and status register 0 ! 1012 Read/Write Yes 6.12.2/6-32
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Table 6-2. Additional SPRs (by SPR Abbreviation) (continued)

Abbrsel\alﬁtion Name SPR Number Access Su;)c;e;\ll;sor S(:’c;t;n/
PIDO Process ID register 0 1 48 Read/Write Yes 6.12.1/6-32
PID1 Process ID register 1 633 Read/Write Yes
PID2 Process ID register 2 ! 634 Read/Write Yes

SPEFSCR |Signal processing and embedded floating-point 512 Read/Write No 6.14/6-45
status and control register '
SVR System version register 1023 Read only Yes 6.5.4/6-14
TLBOCFG |TLB configuration register O 688 Read only Yes 6.12.4/6-33
TLB1CFG |TLB configuration register 1 689 Read only Yes 6.12.4.2/6-34

T Accesses to this register requires synchronization, as described in the “Synchronization Requirements” section of the
“Register Model” chapter of the PowerPC™ e500 Core Family Reference Manual.

6.3 Registers for Computational Operations
The following sections describe general-purpose and integer exception registers.
NOTE

Register fields designated as write-one-to-clear are cleared only by writing
ones to them. Writing zeros to them has no effect.

6.3.1 General-Purpose Registers (GPRSs)

GPRO-GPR31 support integer operations. The instruction formats provide 5-bit fields for specifying the
GPRs to be used in the execution of the instruction. Each GPR is a 64-bit register, although only 64-bit
load, store, and merge instructions use GPR bits 0-31.

6.3.2 Integer Exception Register (XER)

SPR 1 Access: User read/write
32 33 34 35‘ ‘ ‘ ‘ 56 57 63
R
W SO | OV | CA — Number of bytes
Reset All zeros

Figure 6-2. Integer Exception Register (XER)
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Table 6-3. XER Field Description

Bits

Name

Description

32

SO

Summary overflow. Set when an instruction (except mtspr) sets the overflow bit. Once set, SO remains set
until itis cleared by mtspr[XER] or mcrxr. SO is not altered by compare instructions or by other instructions
(except mtspr[XER] and mcrxr) that cannot overflow. Executing mtspr[XER], supplying the values 0 for
SO and 1 for QV, causes SO to be cleared and OV to be set.

33

ov

Overflow. X-form add, subtract from, and negate instructions having OE = 1 set OV if the carry out of bit 32
is not equal to the carry out of bit 33, and clear OV otherwise to indicate a signed overflow. X-form multiply
low word and divide word instructions having OE = 1 set OV if the result cannot be represented in 32 bits
(mullwo, divwo, and divwuo) and clear OV otherwise. OV is not altered by compare instructions or by
other instructions (except mtspr[XER] and mcrxr) that cannot overflow.

34

CA

Carry. Add carrying, subtract from carrying, add extended, and subtract from extended instructions set CA
if there is a carry out of bit 32 and clear it otherwise. CA can be used to indicate unsigned overflow for add
and subtract operations that set CA. Shift right algebraic word instructions set CA if any 1 bits are shifted
out of a negative operand and clear CA otherwise. Compare instructions and instructions that cannot carry
(except Shift Right Algebraic Word, mtspr[XER], and merxr) do not affect CA.

35-56

Reserved, should be cleared.

57-63

No. of
bytes

Supports emulation of load and store string instructions. Specifies the number of bytes to be transferred by
a load string indexed or store string indexed instruction.

6.4

Registers for Branch Operations

This section describes registers that support branch and CR operations.

6.4.1 Condition Register (CR)
Access: User read/write
32 35| 36 39 | 40 43 | 44 47 | 48 51|52 55 | 56 59 | 60 63
R
W CRO CR1 CR2 CRS3 CR4 CR5 CR6 CR7
Reset All zeros
Figure 6-3. Condition Register (CR)
Table 6-4. Bl Operand Settings for CR Fields
CRnBits | CR Bits Bl Description
CRO[0] 32 00000 |Negative (LT)—Set when the result is negative.
For SPE vector compare and vector test instructions:
Set if the high-order element of rA is equal to the high-order element of rB; cleared otherwise.
CRO[1] 33 00001 | Positive (GT)—Set when the result is positive (and not zero).
For SPE vector compare and vector test instructions:
Set if the low-order element of rA is equal to the low-order element of rB; cleared otherwise.
CRO0[2] 34 00010 |Zero (EQ)—Set when the result is zero. For SPE vector compare and vector test instructions:
Set to the OR of the result of the compare of the high and low elements.
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Table 6-4. Bl Operand Settings for CR Fields (continued)

CRnBits | CR Bits Bl Description
CRO[3] 35 00011 | Summary overflow (SO). Copy of XER[SQ] at the instruction’s completion.
For SPE vector compare and vector test instructions:
Set to the AND of the result of the compare of the high and low elements.
CR1[0] 36 00100 |Negative (LT)
For SPE vector compare and vector test instructions:
Set if the high-order element of rA is equal to the high-order element of rB; cleared otherwise.
CR1[1] 37 00101 | Positive (GT)
For SPE vector compare and vector test instructions:
Set if the low-order element of rA is equal to the low-order element of rB; cleared otherwise.
CR1[2] 38 00110 |Zero (EQ)
For SPE vector compare and vector test instructions:
Set to the OR of the result of the compare of the high and low elements.
CR1[3] 39 00111 | Summary overflow (SO)
For SPE vector compare and vector test instructions:
Set to the AND of the result of the compare of the high and low elements.
CRn[0] 40 01000 |Less than (LT)
44 01100 | Forinteger compare instructions:
48 10000 |rA < SIMM or rB (signed comparison) or rA < UIMM or rB (unsigned comparison).
52 10100 | For SPE vector compare and vector test instructions:
56 11000 | Set if the high-order element of rA is equal to the high-order element of rB; cleared otherwise.
60 11100
CRn[1] 41 01001 | Greater than (GT)
45 01101 | For integer compare instructions:
49 10001 | rA > SIMM or rB (signed comparison) or rA > UIMM or rB (unsigned comparison).
53 10101 | For SPE vector compare and vector test instructions:
57 11001 | Set if the low-order element of rA is equal to the low-order element of rB; cleared otherwise.
61 11101
CRn[2] 42 01010 |Equal (EQ)
46 01110 | Forinteger compare instructions:
50 10010 |rA = SIMM, UIMM, or rB.
54 10110 | For SPE vector compare and vector test instructions:
58 11010 | Set to the OR of the result of the compare of the high and low elements.
62 11110
CRn[3] 43 01011 | Summary overflow (SO)
47 01111 | For integer compare instructions, this is a copy of XER[SQ] at the completion of the
51 10011 |instruction.
55 10111 | For SPE vector compare and vector test instructions:
59 11011 | Set to the AND of the result of the compare of the high and low elements.
63 11111
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The bits of CRO are interpreted as described in Table 6-5.
Table 6-5. CRO Bit Descriptions

CR Bit Name Description
32 Negative (LT) Bit 32 of the result is equal to 1.
33 Positive (GT) Bit 32 of the result is equal to 0 and at least one bit from 33-63 of the result is non-zero.
34 Zero (EQ) Bits 32—-63 of the result are equal to 0.
35 Summary overflow (SO) | This is a copy of the final state of XER[SQ] at the completion of the instruction.

6.4.2 Link Register (LR)

SPR 8 Access: User read/write
32 ‘ ‘ ‘ 63
R .
Link address
w
Reset All zeros

Figure 6-4. Link Register (LR)

6.4.3 Count Register (CTR)

SPR 9 Access: User read/write
32 ‘ ‘ ‘ 63
R
Count value
w
Reset All zeros

Figure 6-5. Count Register (CTR)
6.5 Processor Control Registers

This section addresses machine state, processor 1D, and processor version registers.

6.5.1 Machine State Register (MSR)

Access: Supervisor read/write

32 ‘36 37 38 39‘ ‘44 45 46 47|48 49 50 51 |52 53 54 55 57 58 59 |60 61 62 63

R
W — UCLE | SPE — WE|CE|—|EE|PR|— |ME|—|UBLE|DE| — IS|DS|—|PMM| —
Reset All zeros

Figure 6-6. Machine State Register (MSR)
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Table 6-6. MSR Field Descriptions

Bits |Name Description
32-36| — |Reserved, should be cleared."
37 | UCLE | User-mode cache lock enable. Used to restrict user-mode cache-line locking by the operating system

0 Any cache lock instruction executed in user-mode takes a cache-locking DSI exception and sets either
ESR[DLK] or ESRJILK]. This allows the operating system to manage and track the locking/unlocking of cache
lines by user-mode tasks.

1 Cache-locking instructions can be executed in user-mode and they do not take a DSI for cache-locking (they
may still take a DSI for access violations though).

38 SPE | SPE enable. (e500-specific).

0 If software attempts to execute an instruction that accesses the upper word of a GPR, the SPE unavailable
exception is taken.

1 Software can execute the following instructions:

These instructions include the SPE instructions, embedded double-precision, and single-precision vector
floating-point instructions. (That is, all instructions that access the upper half of the 64-bit GPRs.)
39-44| — |Reserved, should be cleared. '
45 WE | Wait state enable. Allows the core complex to signal a request for power management, according to the states
of HIDO[DOZE], HIDO[NAP], and HIDO[SLEEP].

0 The processor is not in wait state and continues processing. No power management request is signaled to
external logic.

1 The processor enters wait state by ceasing to execute instructions and entering low-power mode. Details of
how wait state is entered and exited and how the processor behaves in the wait state are
implementation-dependent. On the €500, MSR[WE] gates the DOZE, NAP, and SLEEP outputs from the core
complex; as a result, these outputs negate to the external power management logic on entry to the interrupt
and then return to their previous state on return from the interrupt. WE is cleared on entry to any interrupt and
restored to its previous state upon return.

46 CE |Critical enable
0 Critical input and watchdog timer interrupts are disabled.
1 Critical input and watchdog timer interrupts are enabled.
47 — | Reserved, should be cleared.
48 EE | External enable
0 External input, decrementer, fixed-interval timer, and performance monitor interrupts are disabled.
1 External input, decrementer, fixed-interval timer, and performance monitor interrupts are enabled.
49 PR |User mode (problem state)

0 The processor is in supervisor mode, can execute any instruction, and can access any resource (for example,
GPRs, SPRs, and the MSR).

1 The processor is in user mode, cannot execute any privileged instruction, and cannot access any privileged
resource.

PR also affects memory access control

50 — | Reserved, should be cleared.
51 ME | Machine check enable
0 Machine check interrupts are disabled.
1 Machine check interrupts are enabled.
52 — | Reserved, should be cleared.
53 | UBLE |In the €500, it is the user BTB lock enable bit.

0 User-mode execution of the BTB lock instructions is disabled; privileged instruction exception taken instead.
1 User-mode execution of the BTB lock instructions for user mode is enabled.
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Table 6-6. MSR Field Descriptions (continued)

Bits |Name Description
54 DE |Debug interrupt enable. See the description of the DBSR[UDE] in Section 6.13.2, “Debug Status Register
(DBSR).”
0 Debug interrupts are disabled.
1 Debug interrupts are enabled if DBCRO[IDM] = 1.
55-57| — |Reserved, should be cleared. '
58 IS |Instruction address space
0 The processor directs all instruction fetches to address space 0 (TS = 0 in the relevant TLB entry).
1 The processor directs all instruction fetches to address space 1 (TS = 1 in the relevant TLB entry).
59 DS |Data address space
0 The processor directs data memory accesses to address space 0 (TS = 0 in the relevant TLB entry).
1 The processor directs data memory accesses to address space 1 (TS = 1 in the relevant TLB entry).
60 — | Reserved, should be cleared.
61 PMM | Performance monitor mark bit. System software can set PMM when a marked process is running to enable
statistics to be gathered only during execution of the marked process. MSR[PR] and MSR[PMM] together define
a state that the processor (supervisor or user) and the process (marked or unmarked) may be in at any time. If
this state matches an individual state specified in the PMLCayx, the state for which monitoring is enabled,
counting is enabled.
62-63| — |Preserved for OEA-defined Rl and LE, respectively

' An MSR bit that is reserved may be altered by a return from interrupt instruction.

6.5.2 Processor ID Register (PIR)
SPR 286 Access: Supervisor read only
52 | | | | 63
R Processor ID
W
Reset All zeros
Figure 6-7. Processor ID Register (PIR)
6.5.3 Processor Version Register (PVR)
SPR 287 Access: Supervisor read only
32 ‘ ‘ ‘ 47 | 48 ‘ 63
R Version Revision
W
Reset SoC-dependent value. See Section 5.2, “e500 Processor and System Version Numbers.”

Figure 6-8. Processor Version Register (PVR)
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Table 6-7. PVR Field Descriptions

Bits Name Description

32-47 | Version |A 16-bit number that identifies the version of the processor. Different version numbers indicate major
differences between processors, such as which optional facilities and instructions are supported. (See
Section 5.2, “e500 Processor and System Version Numbers,” for specific values.)

48-63 | Revision | A 16-bit number that distinguishes between implementations of the version. Different revision numbers
indicate minor differences between processors having the same version number, such as clock rate and
engineering change level. (See Section 5.2, “e500 Processor and System Version Numbers,” for specific
values.)

6.5.4 System Version Register (SVR)

SPR 1023 Access: Supervisor read only
52 | | | | 63
R System version
W
Reset SoC-dependent value. See Section 5.2, “e500 Processor and System Version Numbers”

Figure 6-9. System Version Register (SVR)

Table 6-8. SVR Field Descriptions

Bits Name Description

32-63 | System version A 16-bit number that identifies the SoC version. See Section 5.2, “e500 Processor and System
Version Numbers,” for specific values.

6.6 Timer Registers

6.6.1 Timer Control Register (TCR)

SPR 340 Access: Supervisor read/write
32 33 34 35| 36 37 38 39|40 41 42 43‘ 46 47‘ 50 51 63
R
W WP | WRC |[WIE|DIE| FP |FIE|ARE|—| WPEXT FPEXT —
Reset All zeros

Figure 6-10. Timer Control Register (TCR)
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Table 6-9. TCR Field Descriptions

Bits Name Description

32-33 WP Watchdog timer period. When concatenated with WPEXT, specifies one of 64-bit locations of the time base
used to signal a watchdog timer exception on a transition from 0 to 1.

WPEXT[0-3] Il WP[0—-1] = 0b00_0000 selects TBU[32] (the msb of the TB)
WPEXT[0-3] Il WP[0-1] = 0b11_1111 selects TBL[63] (the Isb of the TB)

34-35 WRC |Watchdog timer reset control. This value is written into TSR[WRS] when a watchdog event occurs. WRC
may be set by software but cannot be cleared by software, except by a software-induced reset. Once written
to a non-zero value, WRC may no longer be altered by software.

00 No watchdog timer reset can occur.
01 Force processor checkstop on second timeout of watchdog timer
10 Assert processor reset output (core_hreset_req) on second timeout of watchdog timer
11 Reserved
36 WIE |Watchdog timer interrupt enable
0 Watchdog timer interrupts disabled
1 Watchdog timer interrupts enabled
37 DIE Decrementer interrupt enable
0 Decrementer interrupts disabled
1 Decrementer interrupts enabled

38-39 FP Fixed interval timer period. When concatenated with FPEXT, FP specifies one of 64 bit locations of the time
base used to signal a fixed-interval timer exception on a transition from 0 to 1.

FPEXT[0-3] Il FP[0—-1] = Ob00_0000 selects TBU[32] (the msb of the TB)
FPEXT[0-3] Il FP[0—1] = 0b11_1111 selects TBL[63] (the Isb of the TB)
40 FIE Fixed interval interrupt enable
0 Fixed interval interrupts disabled
1 Fixed interval interrupts enabled
41 ARE |Auto-reload enable. Controls whether the DECAR value is reloaded into the DEC when the DEC value
reaches 0000_0001. See EREF: A Reference for Freescale Book E and the e500 Core.
0 Auto-reload disabled
1 Auto-reload enabled
42 — Reserved, should be cleared.

43-46 | WPEXT |Watchdog timer period extension (see the description for WP)

47-50 | FPEXT |Fixed-interval timer period extension (see the description for FP)

51-63 — Reserved, should be cleared.

6.6.2 Timer Status Register (TSR)
SPR 336 Access: Supervisor wic'
32 33 34 35 36 37 38 ‘ ‘ 63
R| ENW | WIS WRS DIS | FIS
W| wic | wic wic wic | wic
Reset All zeros

T Set by hardware. Read with mfspr and cleared with mtspr by writing ones to any TSR bit positions to be cleared and
zeros in all other bit positions.

Figure 6-11. Timer Status Register (TSR)
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Table 6-10. TSR Field Descriptions

Bits | Name Description

32 ENW | Enable next watchdog time. Functions as write-one-to-clear.
0 Action on next watchdog timer time-out is to set TSR[ENW]
1 Action on next watchdog timer time-out is governed by TSR[WIS]
When a watchdog timer time-out occurs while WIS = 0 and the next watchdog time-out is enabled
(ENW = 1), a watchdog timer exception is generated and logged by setting WIS. This is referred to as
a watchdog timer first time out. A watchdog timer interrupt occurs if enabled by TCR[WIE] and
MSRICE]. To avoid another watchdog timer interrupt once MSR[CE] is reenabled, (assuming
TCRI[WIE] is not cleared instead), the interrupt handler must reset TSR[WIS].

33 WIS | Watchdog timer interrupt status. Functions as write-one-to-clear.
0 A watchdog timer event has not occurred.
1 A watchdog timer event occurred. When MSR[CE] = 1 and TCR[WIE] = 1, a watchdog timer

interrupt is taken.
See the description of ENW for more information about how WIS is used.
34-35 | WRS | Watchdog timer reset status. Functions as write-one-to-clear. Defined at reset (value = 00). Set to

TCR[WRC] when a reset is caused by the watchdog timer.

36 DIS | Decrementer interrupt status. Functions as write-one-to-clear.
0 A decrementer event has not occurred.
1 A decrementer event occurred. When MSR[EE] = TCR[DIE] = 1, a decrementer interrupt is taken.

37 FIS |Fixed-interval timer interrupt status. Functions as write-one-to-clear.
0 A fixed-interval timer event has not occurred.
1 A fixed-interval timer event occurred. When MSR[EE] = 1 and TCRIFIE] = 1, a fixed-interval timer

interrupt is taken.
38-63| — |Reserved, should be cleared.
6.6.3 Time Base Registers

SPR TBU: 269 read/285 write

TBL: 268 read/284 write

e

Access: User read/Supervisor write

32 63
R
TBU TBL
W
Reset All zeros
Figure 6-12. Time Base Upper/Lower Registers (TBU/TBL)
6.6.4 Decrementer Register
SPR 22 Access: Supervisor read/write
32 ‘ ‘ ‘ 63
R
Decrementer value
W
Reset All zeros

Figure 6-13. Decrementer Register (DEC)
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6.6.5 Decrementer Auto-Reload Register (DECAR)

SPR 54 Access: Supervisor write only
% | | | | | | 63
R
w Decrementer auto-reload value
Reset All zeros

Figure 6-14. Decrementer Auto-Reload Register (DECAR)

6.7 Interrupt Registers

6.7.1 Interrupt Registers Defined by the Embedded and Base Categories

6.7.1.1 Save/Restore Register 0 (SRRO0)

SPR 26 Access: Supervisor read/write
52 | | | | 63
R . )
Next instruction address
w
Reset All zeros

Figure 6-15. Save/Restore Register 0 (SRRO)

6.7.1.2 Save/Restore Register 1 (SRR1)

SPR 27 Access: Supervisor read/write
% | | | | 63
R . .
MSR state information
W
Reset All zeros

Figure 6-16. Save/Restore Register 1 (SRR1)

6.7.1.3 Critical Save/Restore Register 0 (CSRRO0)

SPR 58 Access: Supervisor read/write
2 | | | | | 63
R . .
Next instruction address
w
Reset All zeros

Figure 6-17. Critical Save/Restore Register 0 (CSRR0)
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6.7.1.4 Critical Save/Restore Register 1 (CSRR1)

SPR 59 Access: Supervisor read/write
2 | | | | | 62
R
W MSR state information

Reset All zeros

Figure 6-18. Critical Save/Restore Register 1 (CSRR1)

6.7.1.5 Data Exception Address Register (DEAR)

SPR 61 Access: Supervisor read/write
2 | | | | | 63
R )
Exception address
w
Reset All zeros

Figure 6-19. Data Exception Address Register (DEAR)

6.7.1.6 Interrupt Vector Prefix Register (IVPR)

SPR 63 Access: Supervisor read/write
32 ‘ ‘ ‘ 47 | 48 ‘ 63
R i
Interrupt vector prefix —
w
Reset All zeros

Figure 6-20. Interrupt Vector Prefix Register (IVPR)

6.7.1.7 Interrupt Vector Offset Registers (IVORN)

SPR (See Table 6-11.) Access: Supervisor read/write
32 ‘ ‘ ‘ 47 | 48 ‘ 59 | 60 63
R
— Interrupt vector offset —
W
Reset All zeros

Figure 6-21. Interrupt Vector Offset Registers (IVORn)

Table 6-11. IVOR Assignments

IVOR Number SPR Interrupt Type
IVORO 400 Critical input
IVOR1 401 Machine check
IVOR2 402 Data storage
IVORS3 403 Instruction storage
IVOR4 404 External input
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Table 6-11. IVOR Assignments (continued)

IVOR Number SPR Interrupt Type

IVOR5 405 Alignment
IVOR6 406 Program
IVORS8 408 System call
IVOR10 410 Decrementer
IVOR11 411 Fixed-interval timer interrupt
IVOR12 412 Watchdog timer interrupt
IVOR13 413 Data TLB error
IVOR14 414 Instruction TLB error
IVOR15 415 Debug

IVOR16-1VOR31 — Reserved for future architectural use
IVOR32 528 SPE unavailable
IVORS33 529 Floating-point data exception
IVOR34 530 Floating-point round exception
IVOR35 531 Performance monitor

IVOR36-1VOR63 — Allocated for implementation-dependent use

6.7.1.8 Exception Syndrome Register (ESR)

SPR 62 Access: Supervisor read/write
32 35| 36 37 38 39| 40 41 42 43 | 44 45 46 47 ‘ ‘ 55 56 57 63
R
W — PIL| PPR | PTR|—| ST |—| DLK | ILK — BO — SPE —
Reset All zeros

Figure 6-22. Exception Syndrome Register (ESR)

Table 6-12. ESR Field Descriptions

Bits Name Syndrome Interrupt Types
32-35 — Reserved, should be cleared. —

36 PIL lllegal instruction exception Program

37 PPR Privileged instruction exception Program

38 PTR Trap exception Program

39 — Reserved and permanently cleared because the e500 does not implement this FPU. | —

Setting it has no effect.

40 ST Store operation Alignment, data
storage, data TLB
error
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Table 6-12. ESR Field Descriptions (continued)

Bits Name Syndrome Interrupt Types
41 — Reserved, should be cleared. —
42 DLK | Cache locking. Settings are implementation-dependent. Data storage
0 Default
1 On the €500, DLK is set when a DSI occurs because dcbtls, dcbtstls, or deblc is
executed in user mode while MSR[UCLE] = 0.
43 ILK Set when a DSI occurs because icbtl or icblc is executed in user mode Data storage
(MSR[PR] = 1) and MSR[UCLE] =0
44-45 — Reserved, should be cleared.
46 BO Byte-ordering exception Data storage,
instruction storage
47-55 — Reserved, should be cleared. —
56 SPE | SPE exception bit (€500-specific) SPE unavailable
0 Default
1 Any exception caused by an SPE or SPFP instruction
57-63 — Reserved, should be cleared. —
6.7.2 Additional Interrupt Registers
6.7.2.1 Machine Check Save/Restore Register 0 (MCSRRO)
SPR 570 Access: Supervisor read/write
2 | | | | | | 6
R )
Next instruction address
w
Reset All zeros
Figure 6-23. Machine Check Save/Restore Register 0 (MCSRRO0)
6.7.2.2 Machine Check Save/Restore Register 1 (MCSRR1)
SPR 571 Access: Supervisor read/write
@ | | | | | | 63
R
MSR state information
w
Reset All zeros
Figure 6-24. Machine Check Save/Restore Register 1 (MCSRR1)
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6.7.2.3 Machine Check Address Register (MCAR/MCARU)
SPR 573 Access: Supervisor read only
2 | | | | | | 63
R Machine check address 4-35
W
Reset All zeros
Figure 6-25. Machine Check Address Register (MCAR)
SPR 569 Access: Supervisor read only
32 ‘ 59 | 60 63
R Machine check address 0—4
W
Reset All zeros
Figure 6-26. Machine Check Address Register Upper (MCARU)
6.7.2.4 Machine Check Syndrome Register (MCSR)
SPR 572 Access: Supervisor read/write
32 33 34 35 36 39
R
W MCP ICPERR DCP_PERR DCPERR —
Reset All zeros
40 47
R
W
Reset All zeros
48 55
R
W
Reset All zeros
56 57 58 59 60 61 62 63
R
BUS_IAERR|BUS_RAERR |BUS_WAERR| BUS_IBERR | BUS_RBERR |BUS_WBERR|BUS_IPERR|BUS_RPERR
Reset All zeros
Figure 6-27. Machine Check Syndrome Register (MCSR)
Table 6-13. MCSR Field Descriptions
Bits Name Description
32 MCP Machine check input pin
33 ICPERR Instruction cache parity error
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Table 6-13. MCSR Field Descriptions (continued)

Bits Name Description
34 DCP_PERR Data cache push parity error
35 DCPERR Data cache parity error
36-55 — Reserved, should be cleared.
56 BUS_IAERR Bus instruction address error
57 BUS_RAERR |Bus read address error
58 BUS_WAERR | Bus write address error
59 BUS_IBERR Bus instruction data bus error
60 BUS_RBERR |Bus read data bus error
61 BUS_WBERR |Bus write bus error
62 BUS_IPERR Bus instruction parity error
63 BUS_RPERR |Bus read parity error
6.8 Software-Use SPRs (SPRG0-SPRG7 and USPRGO)
SPR See Table 6-14. Access: See Table 6-14.
2 | | | | | 63
R
W Software-Determined Information
Reset All zeros

Figure 6-28. Software-Use SPRs (SPRG0-SPRG7 and USPRGO)

Table 6-14. SPR Assighments

Name SPR Access Level
SPRGO 272 Read/Write Supervisor
SPRG1 273 Read/Write Supervisor
SPRG2 274 Read/Write Supervisor
SPRG3 259 Read only User/Supervisor

275 Read/Write Supervisor
SPRG4 260 Read only User/Supervisor
276 Read/Write Supervisor
SPRG5 261 Read only User/Supervisor
277 Read/Write Supervisor
SPRG6 262 Read only User/Supervisor
278 Read/Write Supervisor
SPRG7 263 Read only User/Supervisor
279 Read/Write Supervisor
USPRGO 256 Read/Write User/Supervisor
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6.9 Branch Target Buffer (BTB) Registers

6.9.1 Branch Buffer Entry Address Register (BBEAR)

SPR 513 Access: User read/write
32 | | | | | | 61 62 63
R
W Branch buffer entry address IAB[0—1]
Reset All zeros

Figure 6-29. Branch Buffer Entry Address Register (BBEAR)

Table 6-15. BBEAR Field Descriptions

Bits Name Description

32-61 Branch buffer |Branch buffer entry effective address bits 0-29
entry address

62-63 IAB[0-1] Instruction after branch (with BBTAR[62]). 3-bit pointer that points to the instruction in the cache line
after the branch. See the description in the bblels instruction in the EREF. If the branch is the last
instruction in the cache block, IAB = 000, to indicate the next sequential instruction, which resides in
the zeroth position of the next cache block.

6.9.2 Branch Buffer Target Address Register (BBTAR)

SPR 514 Access: User read/write
32 | | | | | | | 61 62 63
R
W Branch buffer target address IAB2 |BDIRPR
Reset All zeros

Figure 6-30. Branch Buffer Target Address Register (BBTAR)

Table 6-16. BBTAR Field Descriptions

Bits Name Description

32-61 Branch buffer |Branch buffer target effective address bits 0-29
target address

62 1AB2 Instruction after branch bit 2 (with BBEAR[62—63]). IAB is a 3-bit pointer that points to the instruction
in the cache line after the branch. See the description for bblels in the EREF. If the branch is the last
instruction in the cache block, IAB = 000, to indicate the next sequential instruction, which resides in
the zeroth position of the next cache block.

63 BDIRPR Branch direction prediction. The user can pick the direction of the predicted branch.
0 The locked address is always predicted as not taken.
1 The locked address is always predicted as taken.
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6.9.3 Branch Unit Control and Status Register (BUCSR)
SPR 1013 Access: Supervisor read/write
32 ‘ ‘ ‘ ‘ ‘ 53 54 55 56 57 58 62 63
R
W — BBFI |BBLO |BBUL | BBLFC — BPEN
Reset All zeros
Figure 6-31. Branch Unit Control and Status Register (BUCSR)
Table 6-17. BUCSR Field Descriptions
Bits | Name Description
32-53 — |Reserved, should be cleared.
54 BBFI |Branch buffer flash invalidate. Clearing and then setting BBFI flash clears the valid bit of all entries in the
branch buffer; clearing occurs independently from the value of the enable bit (BPEN). BBFI is always read as
0.
55 BBLO |Branch buffer lock overflow status
0 Indicates a lock overflow condition was not encountered in the branch buffer
1 Indicates a lock overflow condition was encountered in the branch buffer
This sticky bit is set by hardware and is cleared by writing 0 to this bit location.
56 BBUL |Branch buffer unable to lock
0 Indicates a lock overflow condition in the branch buffer
1 Indicates a lock set instruction failed in the branch buffer, for example, if the BTB is disabled.
This sticky bit is set by hardware and is cleared by writing 0 to this bit location.
57 BBLFC |Branch buffer lock bits flash clear. Clearing and then setting BBLFC flash clears the lock bit of all entries in
the branch buffer; clearing occurs independently from the value of the enable bit (BPEN). BBLFC is always
read as 0.
58-62 — |Reserved, should be cleared.
63 BPEN |Branch prediction enable
0 Branch prediction disabled
1 Branch prediction enabled (enables BTB to predict branches)
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6.10.

Core Register Summary

Hardware Implementation-Dependent Registers

1 Hardware Implementation-Dependent Register 0 (HIDO)

SPR 1008 Access: Supervisor read/write
32 33 ‘ 39 40 41 42 43 ‘ 47
R
W EMCP — DOZE NAP |SLEEP —
Reset All zeros
48 49 50 51 55 56 57 58 62 63
R
wl — TBEN [SEL_TBCLK — EN_MAS7_UPDATE | DCFA — NOPTI
Reset All zeros
Figure 6-32. Hardware Implementation-Dependent Register 0 (HIDO)
Table 6-18. HIDO Field Descriptions
Bits Name Description
32 EMCP Enable machine check pin, MCP. Used to mask out further machine check exceptions caused by
assertion of MCP.
0 MCP is disabled.
1 MCP is enabled. If MSE[ME] = 0, asserting MCP causes checkstop. If MSR[ME] = 1, asserting MCP
causes a machine check exception.
33-39 — Reserved, should be cleared.
40 DOZE Doze power management mode. If MSR[WE] is set, this bit controls DOZE mode.
0 Core not in doze mode
1 Core in doze mode
41 NAP Nap power management mode. If MSR[WE] is set, this bit controls NAP mode.
0 Core not in nap mode
1 Core in nap mode
42 SLEEP Configure for sleep power management mode. Controls SLEEP mode if MSR[WE] is set.
0 Core not in sleep mode
1 Core in sleep mode
43-48 — Reserved, should be cleared.
49 TBEN Time base enable
0 Time base disabled (no counting)
1 Time base enabled
e If HIDO[TBEN] = 1 and HIDO[SEL_TBCLK] = 0, the time base is updated every 8 bus clocks
e If HIDO[TBEN] = 1 and HIDO[SEL_TBCLK] = 1, the time base is updated on the rising edge of
core_tbclk (sampled at bus rate). The maximum supported frequency can be found in the electrical
specifications, but this value is approximately 25% of the bus clock frequency.
50 SEL_TBCLK |Select time base clock. If the time base is enabled, this field functions as follows:
0 Time base is based on the processor clock
1 Time base is based on the TBCLK (RTC) input
51-55 — Reserved, should be cleared.
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Table 6-18. HIDO Field Descriptions (continued)

Bits Name Description

56 EN_MAS7_ |Enable MAS7 update (€500v2 only). Enables updating MAS7 by tlbre and tlbsx.
UPDATE |0 MASY is not updated by a tlbre or tibsx.
1 MAS?7 is updated by a tlbre or tibsx.

57 DCFA Data cache flush assist (€500v2 only). Force data cache to ignore invalid sets on miss replacement

selection.

0 The data cache flush assist facility is disabled

1 The miss replacement algorithm ignores invalid entries and follows the replacement sequence
defined by the PLRU bits. This reduces the series of uniquely addressed load or decbz instructions to
eight per set. The bit should be set just before beginning a cache flush routine and should be cleared
when the series of instructions is complete.

58-62 — Reserved, should be cleared.

63 NOPTI No-op the data and instruction cache touch instructions.

0 dcbt, debtst, and icbt are enabled. On the €500, if CT = 0, icbt is always a no-op, regardless of the
value of NOPTIL. If CT = 1, icbt does a touch load to an L2 cache, if one is present.

1 dcbt, dcbtst, and icbt are treated as no-ops; deblc and dcbtls are not.

6.10.2 Hardware Implementation-Dependent Register 1 (HID1)

SPR 1009 Access: Supervisor read/write
32 33 34 ‘ 39 40 ‘ 45 46 47
R| PLL_MODE PLL_CFG
— RFXE| —
w
Reset All zeros
48 49 50 51 52 63
R
— ASTME | ABE —
w
Reset All zeros

Figure 6-33. Hardware Implementation-Dependent Register 1 (HID1)

Table 6-19. HID1 Field Descriptions

Bits Name Description

32-33 | PLL_MODE |Read-only for integrated devices.
01 MPC8544E

34-39 | PLL_CFG [Reflected directly from configuration input pins (read-only). PLL_CFG[0-4] corresponds to the integer
divide ratio and PLL_CFGS5 is the half-mode bit. The following values are supported:

0001_00 Ratio of 2:1

0001_01 Ratio of 5:2 (2.5:1)

0001_10 Ratio of 3:1

0001_11 Ratio of 7:2 (3.5:1)

Note that this value is also reflected to PORPLLSR[e500_Ratio]. See Section 19.4.1.1, “POR PLL
Status Register (PORPLLSR)”
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Table 6-19. HID1 Field Descriptions (continued)

Bits

Name

Description

40-45

Reserved, should be cleared.

46

RFXE

core_fault_in is asserted. Depending on the value of MSR[ME], this results in either a machine check

Read fault exception enable. Enables the core to internally generate a machine check interrupt when

interrupt or a checkstop.

0 Assertion of core_fault_incannot cause a machine check. The core does not execute any instructions
from a faulty instruction fetch and does not execute any load instructions that get their data from a
faulty data fetch.

On the e500v2, if these instructions are eventually required by the sequential programming model
(thatis, they are not in a speculative execution path), the e500v2 stalls until an asynchronous interrupt
is taken. The e500v1 does not stall when faulty instructions or data are received, as described in the
following note.

Note: The e500v1 does not stall when faulty instructions or data are received. Instead, it continues
processing with faulty instructions or data. The only reliable way to prevent such behavior is to set RFXE,
which causes a machine check before the faulty instructions or data are used. To avoid the use of faulty
instructions or data and to have good error determination, software must set RFXE and program the PIC
to interrupt the processor when errors occur. As a result, software must deal with multiple interrupts for
the same fundamental problem.

1 Assertion of core_fault_in causes a machine check if MSR[ME] = 1 or a checkstop if MSR[ME] = 0.
The core_fault_in signal is asserted to the core when logic outside of the core has a problem
delivering good data to the core. For example, the front-side L2 cache asserts core_fault_in when an
ECC error occurs and ECC is enabled. As a second example, it is asserted when there is a master
abort on a PCl transaction. See “Proper Reporting of Bus Faults” in the core complex bus chapter of
the PowerPC™ e500 Core Family Reference Manual.

The RFXE bit provides flexibility in error recovery. Typically, devices outside the core have some way
other than the assertion of core_fault_in to signal the core that an error occurred. Usually, this is done
by channeling interrupt requests through a programmable interrupt controller (PIC) to the core. In these
cases, the assertion of core_fault_in is used only to prevent the core from using bad data before
receiving an interrupt from the PIC (for example, an external or critical input interrupt). Possible
combinations of RFXE and PIC configuration are as follows:

* RFXE = 0 and the PIC is configured to interrupt the processor. In this configuration, the assertion of
core_fault_in does not trigger a machine check interrupt. The core does not use the faulty instructions
or data and may stall. The PIC interrupts the core so that error recovery can begin. This configuration
allows the core to query the PIC and the rest of the system for more information about the cause of
the interrupt, and generally provides the best error recovery capabilities.

* RFXE =1 and the PIC is not configured to interrupt the processor. This configuration provides quick
error detection without the overhead of configuring the PIC. When the PIC is not configured, setting
RFXE avoids stalling the core when core_fault _inis asserted. Determination of the root cause of the
problem may be somewhat more difficult than it would be if the PIC were enabled.

* RFXE = 1 and the PIC is configured to interrupt the processor. In this configuration, the core may
receive two interrupts for the same fundamental error. The two interrupts may occur in any order,
which may complicate error handling. Therefore, this is usually not an interesting configuration for a
single-core device. This may, however, be an interesting configuration for multi-core devices in which
the PIC may steer interrupts to a processor other than the one that attempted to fetch the faulty data.

* RFXE = 0 and the PIC is not configured to interrupt the processor. This is not a recommended
configuration. The processor may stall indefinitely due to an unreported error.

47-49

Reserved, should be cleared.

50

ASTME

Address bus streaming mode enable. This bit, along with the ECM stream control bits in the EEBACR,
enables address bus streaming on the CCB. See Section 8.2.1.1, “ECM CCB Address Configuration
Register (EEBACR)”

0 Address bus streaming mode disabled

1 Address bus streaming mode enabled
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Table 6-19. HID1 Field Descriptions (continued)

Bits Name Description
51 ABE Address broadcast enable. The €500 broadcasts cache management instructions (dcbst, dcblc
(CT =1), icble (CT = 1), dcbf, dcbi, mbar, msync, tibsync, icbi) based on ABE. ABE must be set to
allow management of external L2 caches.
0 Address broadcasting disabled
1 Address broadcasting enabled
52-63 — Reserved, should be cleared.

6.11

L1 Cache Configuration Registers

6.11.1 L1 Cache Control and Status Register 0 (L1CSRO0)
SPR 1010 Access: Supervisor read/write
Line Locking Bits
| |
32 46 47 | 48 49 51| 52 53 54 55 |56 61 62 63
R
W — CPE|CPI — CSLC |CUL|CLO|CLFR — CFI|CE
Reset All zeros
Figure 6-34. L1 Cache Control and Status Register 0 (L1CSRO)
Table 6-20. L1CSRO Field Descriptions
Bits | Name Description
32-46 — |Reserved, should be cleared.

47 CPE |(Data) Cache parity enable
0 Parity checking of the cache disabled
1 Parity checking of the cache enabled

48 CPl |(Data) Parity error injection enable
0 Parity error injection disabled
1 Parity error injection enabled. Cache parity must also be enabled (CPE = 1) when this bit is set.

49-51 — |Reserved, should be cleared.

52 CSLC |(Data) Cache snoop lock clear. Sticky bit set by hardware if a debi snoop (either internally or externally
generated) invalidated a locked cache line. Note that the lock bit for that line is cleared whenever the line is
invalidated. This bit can be cleared only by software.

0 The cache has not encountered a decbi snoop that invalidated a locked line.
1 The cache has encountered a debi snoop that invalidated a locked line.

53 CUL |(Data) Cache unable to lock. Sticky bit set by hardware and cleared by writing 0 to this bit location.
0 Indicates a lock set instruction was effective in the cache
1 Indicates a lock set instruction was not effective in the cache

54 CLO |(Data) Cache lock overflow. Sticky bit set by hardware and cleared by writing 0 to this bit location.
0 Indicates a lock overflow condition was not encountered in the cache
1 Indicates a lock overflow condition was encountered in the cache
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Table 6-20. L1CSRO Field Descriptions (continued)

Bits | Name Description

55 CLFR |(Data) Cache lock bits flash reset. Writing a 1 during a flash clear operation causes an undefined operation.

Writing a 0 during a flash clear operation is ignored. Clearing occurs regardless of the enable (CE) value.

0 Default.

1 Hardware initiates a cache lock bits flash clear operation. This bit is cleared when the operation is
complete.

56-61 — Reserved, should be cleared.

62 CFl |(Data) Cache flash invalidate.

0 No cache invalidate. Writing a 0 to CFI during an invalidation operation is ignored.

1 Cache invalidation operation. A cache invalidation operation is initiated by hardware. Once complete, this
bit is cleared. Writing a 1 during an invalidation operation causes an undefined operation.

Invalidation occurs regardless of the enable (CE) value.

63 CE |(Data) Cache enable
0 The cache is neither accessed or updated.
1 Enables cache operation

6.11.2 L1 Cache Control and Status Register 1 (L1CSR1)

SPR 1011 Access: Supervisor read/write
Line Locking Bits

32 46 47 | 48 49 51| 52 53 54 55 |56 61 62 63
R
W — ICPE|ICPI| — |ICSLC|ICUL|ICLO |ICLFR — ICFI|ICE

Reset All zeros
Figure 6-35. L1 Cache Control and Status Register 1 (L1CSR1)
Table 6-21. L1CSR1 Field Descriptions
Bits | Name Description
32-46 — |Reserved, should be cleared.

47 ICPE |Instruction cache parity enable
0 Parity checking of the instruction cache disabled
1 Parity checking of the instruction cache enabled

48 ICPI |Instruction parity error injection enable
0 Parity error injection disabled
1 Parity errorinjection enabled. Note that instruction cache parity must also be enabled (ICPE = 1) when this

bit is set.
49-51 — |Reserved, should be cleared.

52 ICSLC |Instruction cache snoop lock clear. Sticky bit set by hardware if an icbi snoop (either internally or externally
generated) invalidated a locked line in the instruction cache. Note that the lock bit for that line is cleared
whenever the line is invalidated. This bit can only be cleared by software.

0 The instruction cache has not encountered an icbi snoop that invalidated a locked line.
1 The instruction cache has encountered an icbi snoop that invalidated a locked line.

MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1

Freescale Semiconductor 6-29



Core Register Summary

Table 6-21. L1CSR1 Field Descriptions (continued)

Bits | Name Description

53 ICUL |Instruction cache unable to lock. Sticky bit set by hardware and cleared by writing 0 to this bit location.
0 Indicates a lock set instruction was effective in the instruction cache
1 Indicates a lock set instruction was not effective in the instruction cache

54 ICLO |Instruction cache lock overflow. Sticky bit set by hardware and cleared by writing 0 to this bit location.
0 Indicates a lock overflow condition was not encountered in the instruction cache
1 Indicates a lock overflow condition was encountered in the instruction cache

55 ICLFR |Instruction cache lock bits flash reset. Writing 0 and then 1 flash clears the lock bit of all entries in the
instruction cache; clearing occurs independently from the value of the enable bit (ICE). ICLFR is always read
as 0.
56-61 — |Reserved, should be cleared.
62 ICFI [Instruction cache flash invalidate. Written to 0 and then 1 to flash clear the valid bit of all entries in the

instruction cache; operates independently from the value of the enable bit (ICE). ICFI is always read as 0.

63 ICE |Instruction cache enable
0 The instruction cache is neither accessed or updated.
1 Enables instruction cache operation

6.11.3 L1 Cache Configuration Register 0 (L1CFGO0)

SPR 515 Access: User read only
32 33 34 ‘ 38 39 ‘40 41 42 43 44 45 ‘ 49 50 51 ‘52 53 55|56 ‘ 63
R|CARCH — CBSIZE |CREPL[CLA[CPA — CNWAY | — CSIZE
w
Reset 0 0 00/000 0[0 0 t 1|1 000/0011/1000/00710/000O00O

Figure 6-36. L1 Cache Configuration Register 0 (L1CFGO)

Table 6-22. L1CFGO Field Descriptions

Bits Name Description

32-33 | CARCH |Cache architecture
00 Harvard
01 Unified

34-38 — Reserved, should be cleared.

39-40 | CBSIZE |Cache line size
0 32 bytes
1 64 bytes

41-42 CREPL |Cache replacement policy
0 True LRU
1 Pseudo LRU

43 CLA Cache locking available
0 Unavailable
1 Available
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Table 6-22. L1CFGO Field Descriptions (continued)

Bits Name Description
44 CPA Cache parity available
0 Unavailable
1 Available
45-49 — Reserved, should be cleared.
50-52 | CNWAY |Cache number of ways
111 Indicates 8 ways
53-55 — Reserved, should be cleared.
56-63 CSIZE |Cache size
0x20 indicates 32 Kbytes
6.11.4 L1 Cache Configuration Register 1 (L1CFG1)
SPR 516 Access: User read only
32 ‘ 38 39 ‘ 40 41 42 43 44 45 ‘ ‘52 53 ‘ ‘ 63
R — ICBSIZE |ICREPL |ICLA |ICPA ICNWAY ICSIZE
w
Reset 0 0 0 0/0 00 0/0 0 1 11 000001 1/1000[0010[0000
Figure 6-37. L1 Cache Configuration Register 1 (L1CFG1)
Table 6-23. L1CFG1 Field Descriptions
Bits Name Description
32-38 — Reserved, should be cleared.
39-40 ICBSIZ |Instruction cache block size
00 Indicates block size of 32 bytes
41-42 | ICREPL |Instruction cache replacement policy
01 Indicates pseudo-LRU policy
43 ICLA Instruction cache locking available
1 Indicates available
44 ICPA Instruction cache parity available
1 Indicates available
45-52 | ICNWAY |Instruction cache number of ways
111 Indicates 8 ways
53-63 ICSIZE |Instruction cache size
0x20 indicates 32 Kbytes
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6.12 MMU Registers

6.12.1 Process ID Registers (PID0-PID2)

SPR 48 (PID0) Access: Supervisor read/write

SPR 633 (PID1)
SPR 634 (PID2)

32 ‘ 55| 56 63

R
w
Reset All zeros

Figure 6-38. Process ID Registers (PID0-PID2)

— Process ID

6.12.2 MMU Control and Status Register 0 (MMUCSRO)

SPR 1012 Access: Supervisor read/write
32 ‘ ‘ ‘ ‘ ‘ ‘ ‘eo 61 62 63
R
— L2TLBO_FI|L2TLB1_FI|—
w
Reset All zeros
Figure 6-39. MMU Control and Status Register 0 (MMUCSRO)
Table 6-24. MMUCSRO Field Descriptions
Bits Name Description
32-60 — Reserved, should be cleared.

61 L2TLBO_FI |TLBO flash invalidate (write to 1 to invalidate)

62 L2TLB1_FI |TLB1 flash invalidate (write 1 to invalidate)

0 No flash invalidate. Writing a 0 to this bit during an invalidation operation is ignored.

1 TLB1 invalidation operation. Hardware initiates a TLB1 invalidation operation. When this operation is
complete, this bit is cleared. Writing a 1 during an invalidation operation causes an undefined
operation.

63 — Reserved, should be cleared.

6.12.3 MMU Configuration Register (MMUCFQG)

SPR 1015 Access: Supervisor read only

32 ‘ ‘ ‘ ‘48 49 ‘52 53 ‘ 57 58 59| 60 61 62 63

R — NPIDS PIDSIZE — [ NTLBS [ MAVN
w

Reset 0 0 0 0/0 0 0 0/0 0 0 0/0 0 0 0[00O0 1/1 00 1[1 100 0 1 0 0

Figure 6-40. MMU Configuration Register (MMUCFG)
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Table 6-25. MMUCFG Field Descriptions

Bits Name Description

32-48 — Reserved, should be cleared.

49-52 NPIDS |[Number of PID registers, a 4-bit field that indicates the number of PID registers provided by the processor.
The €500 implements three PIDs.

53-57 | PIDSIZE |PID register size. The 5-bit value of PIDSIZE is one less than the number of bits in each of the PID
registers implemented by the processor. The processor implements only the least significant PIDSIZE+1
bits in the PID registers.

00111 indicates 8-bit registers. This is the value presented by the e500.

58-59 — Reserved, should be cleared.

60-61 NTLBS [Number of TLBs. The value of NTLBS is one less than the number of software-accessible TLB structures
that are implemented by the processor. NTLBS is set to one less than the number of TLB structures so
that its value matches the maximum value of MASO[TLBSEL].

00 1TLB

01 2 TLBs. This is the value presented by the e500.
10 3TLBs

11 4 TLBs

62—63 MAVN  [MMU architecture version number. Indicates the version number of the architecture of the MMU

implemented by the processor. 0b00 indicates version 1.0.
6.12.4  TLB Configuration Registers (TLBnCFG)
6.12.4.1 TLBO Configuration Register 0 (TLBOCFG)
SPR 688 Access: Supervisor read only
32 ‘ 39 |40 43 | 44 47| 48 49 50 51|52 ‘ ‘ 63
R ASSOC MINSIZE MAXSIZE |IPROT |AVAIL| — NENTRY
w
Reset 0 0 0 0/0 1 0 0/0 0 0 1[0 00 1| 0 0O 00[/0010/0000000O00

Figure 6-41. TLB Configuration Register 0 (TLBOCFG)

Table 6-26. TLBOCFG Field Descriptions

Bits Name Description
32-39 | ASSOC |Associativity of TLBO
0x02 indicates associativity is 2-way set associative
40-43 | MINSIZE |Minimum page size of TLBO
0x1 indicates smallest page size is 4K
44-47 | MAXSIZE |Maximum page size of TLBO
0x1 indicates maximum page size is 4K
48 IPROT |Invalidate protect capability of TLBO
0 Indicates invalidate protection capability not supported
49 AVAIL |Page size availability of TLBO

0 No variable-sized pages available (MINSIZE = MAXSIZE)
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Table 6-26. TLBOCFG Field Descriptions (continued)

Bits Name Description

50-51 — Reserved, should be cleared.

52—-63 | NENTRY |Number of entries in TLBO
0x100 LBO contains 256 entries
0x200TLBO contains 512 entries (e500v2 only)

6.12.4.2 TLB1 Configuration Register 1 (TLB1CFG)

SPR 689 Access: Supervisor read only
32 ‘ 39|40 43|44 47 48 49 50 51|52 ‘ ‘ 63
R ASSOC MINSIZE | MAXSIZE [IPROT|AVAIL] — NENTRY
W
Resetooo1\ooooooo11o111 1000000\0001\0000

Figure 6-42. TLB Configuration Register 1 (TLB1CFG)

Table 6-27. TLB1CFG Field Descriptions

Bits Name Description

32-39 ASSOC |Associativity of TLB1
0x10 indicates associativity is 16

40-43 MINSIZE |Minimum page size of TLB1
0x1 indicates smallest page size is 4K

44-47 | MAXSIZE |Maximum page size of TLB1
0x9 Indicates maximum page size is 256 Mbyte
0xB Indicates maximum page size is 4 Gbytes (€500v2 only)

48 IPROT Invalidate protect capability of TLB1
1 Indicates that TLB1 supports invalidate protection capability

49 AVAIL Page size availability of TLB1
1 Indicates all page sizes between MINSIZE and MAXSIZE supported

50-51 — Reserved, should be cleared.

52-63 NENTRY |Number of entries in TLB1
0x010: TLB1 contains 16 entries
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6.12.5 MMU Assist Registers
6.12.5.1 MAS Register 0 (MASO0)
SPR 624 Access: Supervisor read/write
32 34 35 36 ‘ 43 | 44 47 |48 62 63
R
— TLBSEL — ESEL — NV
w
Reset All zeros
Figure 6-43. MAS Register 0 (MASOQ)
Table 6-28. MASO Field Descriptions—MMU Read/Write and Replacement Control
Bits Name Descriptions
32-34 — Reserved, should be cleared.
35 TLBSEL |Selects TLB for access
0 TLBO
1 TLB1
36-43 — Reserved, should be cleared.
44-47 ESEL |Entry select. Number of entry in selected array to be used for tibwe. This field is also updated on TLB
error exceptions (misses), and tlbsx hit and miss cases. Only certain bits are valid, depending on the array
selected in TLBSEL. Other bits should be 0.
For the €500, ESEL serves as the way select for the corresponding TLB as follows:
When TLBSEL = 00 (TLBO selected), bits 46—47 are used (and bits 44—45 should be cleared). This field
selects between way 0, 1, 2, or 3 of TLBO. EA bits 45-51 from MAS2[EPN] are used to index into the TLB
to further select the entry for the operation. Note that for the e500v1, bit 47 selects either way 0 or way 1,
and bit 46 should remain cleared.
When TLBSEL = 01 (TLB1 selected), all four bits are used to select one of 16 entries in the array.
48-62 — Reserved, should be cleared.
63 NV Next victim. Next victim bit value to be written to TLBO[NV] on execution of tibwe. This field is also updated
on TLB error exceptions (misses), tlbsx hit and miss cases and on execution of tibre.
This field is updated based on the calculated next victim bit for TLBO (based on the round-robin
replacement algorithm.)
Note that this field is not defined for operations that specify TLB1 (when TLBSEL = 01).
6.12.5.2 MAS Register 1 (MAS1)
SPR 625 Access: Supervisor read/write
32 33 34 ‘ 39 |40 ‘ 47 | 48 50 51|52 55 | 56 63
R
W V |IPROT — TID — TS TSIZE —
Reset All zeros
Figure 6-44. MAS Register 1 (MAS1)
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Table 6-29. MAS1 Field Descriptions—Descriptor Context and Configuration Control

Bits | Name Descriptions

32 \Y TLB valid bit
0 This TLB entry is invalid.
1 This TLB entry is valid.

33 IPROT |Invalidate protect. Set to protect this TLB entry from invalidate operations due the execution of tibiva[x] (TLB1
only). Note that not all TLB arrays are necessarily protected from invalidation with IPROT. Arrays that support
invalidate protection are denoted as such in the TLB configuration registers.

0 Entry is not protected from invalidation

1 Entry is protected from invalidation.

34-39 — Reserved, should be cleared.

40-47 TID |Translation identity. An 8-bit field that defines the process ID for this TLB entry. TID is compared with the
current process IDs of the three virtual address to be translated. A TID value of 0 defines an entry as global
and matches with all process IDs.

48-50 — Reserved, should be cleared.

51 TS |Translation space. This bit is compared with the IS or DS fields of the MSR (depending on the type of access)
to determine if this TLB entry may be used for translation.

52-55 | TSIZE |Translation size. Defines the TLB entry page size. For arrays that contain fixed-size TLB entries, TSIZE is
ignored. For variable page size arrays, the page size is 475'2E Kbytes. The €500 supports the following sizes:

0001 4 Kbytes 0111 16 Mbytes
0010 16 Kbytes 1000 64 Mbytes
0011 64 Kbytes 1001 256 Mbytes
0100 256 Kbytes 1010 1 Gbyte (e500v2 only)
0101 1 Mbyte 1011 4 Gbytes (e500v2 only)

0110 4 Mbytes

56-63 — Reserved, should be cleared.

6.12.5.3 MAS Register 2 (MAS2)

SPR 626 Access: Supervisor read/write
32 ‘ ‘ ‘ 51| 52 56 57 58 59|60 61 62 63
R
EPN — XO[X1|W|I |M|G|E
w
Reset All zeros

Figure 6-45. MAS Register 2 (MAS2)

Table 6-30. MAS2 Field Descriptions—EPN and Page Attributes

Bits Name Description

32-51 EPN |Effective page number. Depending on page size, only the bits associated with a page boundary are valid.
Bits that represent offsets within a page are ignored and should be cleared.

52-56 — Reserved for implementation-specific use
57 X0 Implementation-dependent page attribute
58 X1 Implementation-dependent page attribute
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Table 6-30. MAS2 Field Descriptions—EPN and Page Attributes (continued)

Bits Name Description

59 w Write-through
0 This page is considered write-back with respect to the caches in the system.
1 All stores performed to this page are written through the caches to main memory.

60 | Caching-inhibited
0 Accesses to this page are considered cacheable.

1 The page is considered caching-inhibited. All loads and stores to the page bypass the caches and are
performed directly to main memory.

61 M Memory coherency required
0 Memory coherency is not required.
1 Memory coherency is required. This allows loads and stores to this page to be coherent with loads and

stores from other processors (and devices) in the system, assuming all such devices are participating in
the coherency protocol.

62 G Guarded

0 Accesses to this page are not guarded and can be performed before it is known if they are required by
the sequential execution model.

1 Allloads and stores to this page that miss in the L1 cache are performed without speculation (that is, they
are known to be required). Speculative loads can be performed if they hit in the L1 cache. In addition,

accesses to caching-inhibited pages are performed using only the memory element that is explicitly
specified.

63 E Endianness. Determines endianness for the corresponding page. Little-endian operation is true little endian,
which differs from the modified little-endian byte-ordering model optionally available in previous devices that

implement the original PowerPC architecture. See the PowerPC™ e500 Core Family Reference Manual for
more information.

0 The page is accessed in big-endian byte order.
1 The page is accessed in true little-endian byte order.

6.12.5.4 MAS Register 3 (MAS3)

SPR 627 Access: Supervisor read/write
32 ‘ ‘ ‘ ‘ 51|52 53 54 57 58 59| 60 61 62 63
R
W RPN — uo-u3 UX|SX|UW|SW|UR|SR
Reset All zeros
Figure 6-46. MAS Register 3 (MAS3)
Table 6-31. MAS3 Field Descriptions—RPN and Access Control
Bits Name Description

32-51 RPN |Real page number. Depending on page size, only the bits associated with a page boundary are valid. Bits
that represent offsets within a page are ignored and should be cleared. For the e500v2, the 4 high-order bits
of RPN are stored in MAS7[RPN].

52-53 — Reserved, should be cleared.

54-57 | U0-U3 |User attribute bits. Associated with a TLB entry and can be used by system software. For example, they can
hold information useful to a page-scanning algorithm or mark more abstract page attributes.

58-63 | PERMIS |Permission bits (UX, SX, UW, SW, UR, SR). User and supervisor read, write, and execute permission bits.
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6.12.5.5 MAS Register 4 (MAS4)
SPR 628 Access: Supervisor read/write
32 34 35 36 ‘ ‘ 45 46 47 |48 50 51|52 55|56 57 58 59 |60 61 62 63
\Z — |TLBSELD — TIDSELD — TSIZED |—|XOD X1D|WD|ID|MD|GD|ED
Reset All zeros
Figure 6-47. MAS Register 4 (MAS4)
Table 6-32. MAS4 Field Descriptions—Hardware Replacement Assist Configuration
Bits Name Description
32-34 — Reserved, should be cleared.
35 TLBSELD |TLBSEL default value. The default value to be loaded in MASO[TLBSEL] on a TLB miss exception.
0 TLBO
1 TLBA1
36-45 — Reserved, should be cleared.
46-47 | TIDSELD |TID default selection value. A 2-bit field that specifies which of the current PID registers should be used
to load the MAS1[TID] field on a TLB miss exception.
The e500 implementation defines this field as follows:
00 PIDO
01 PID1
10 PID2
11 TIDZ (0x00) (all zeros)
48-51 — Reserved, should be cleared.
52-55 | TSIZED |Default TSIZE value. Specifies the default value to be loaded into MAS1[TSIZE] on a TLB miss exception.
56 — Reserved, should be cleared.
57 X0D Default X0 value. Specifies the default value to be loaded into MAS2[X0] on a TLB miss exception.
58 X1D Default X1 value. Specifies the default value to be loaded into MAS2[X1] on a TLB miss exception.
59 WD Default W value. Specifies the default value to be loaded into MAS2[W] on a TLB miss exception.
60 ID Default | value. Specifies the default value to be loaded into MAS2[l] on a TLB miss exception.
61 MD Default M value. Specifies the default value to be loaded into MAS2[M] on a TLB miss exception.
62 GD Default G value. Specifies the default value to be loaded into MAS2[G] on a TLB miss exception.
63 ED Default E value. Specifies the default value to be loaded into MAS2[E] on a TLB miss exception.
6.12.5.6 MAS Register 6 (MAS6)
SPR 630 Access: Supervisor read/write
32 39| 40 ‘ 47 | 48 62 63
Vl\ql — SPIDO — SAS
Reset All zeros
Figure 6-48. MAS Register 6 (MASG6)
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Table 6-33. MAS6—TLB Search Context Register 0

Bits Name Comments, or Function when Set

32-39 — Reserved, should be cleared.

40-47 | SPIDO |Specifies the PID value (recent value of PIDO) used when searching the TLB during execution of tlbsx.

48-62 — Reserved, should be cleared.

63 SAS |Address space (AS) value for searches. Specifies the value of AS used when searching the TLB (during
execution of tibsx).

6.12.5.7 MAS Register 7 (MAS7)

SPR 944 Access: Supervisor read/write
32 ‘ ‘ ‘ 59 | 60 63
R
— RPN
w
Reset All zeros

Figure 6-49. MAS Register 7 (MAS?7)

Table 6-34. MAS 7 Field Descriptions—High Order RPN

Bits Name Description

32-63 RPN Real page number. Four high-order bits of the RPN. The
20 low-order bits of RPN are in MASS.

6.13 Debug Registers

6.13.1 Debug Control Registers (DBCR0-DBCR2)

6.13.1.1 Debug Control Register 0 (DBCRO)

SPR 308 Access: Supervisor read/write
32 33 34 35| 36 37 38 39 40 41 42 43|44 45 46 47| 48 49 ‘ ‘ ‘ 62 63
R
wl™ IDM| RST |ICMP |BRT |IRPT | TRAP [IAC1|IAC2| — |DAC1|DAC2|RET — FT
Reset All zeros

Figure 6-50. Debug Control Register 0 (DBCRO0)
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Table 6-35. DBCRO Field Descriptions

Bits

Name Description

32

— Reserved, should be cleared.

33

IDM | Internal debug mode

0 Debug interrupts are disabled. No debug interrupts are taken and debug events are not logged.

1 If MSR[DE] = 1, the occurrence of a debug event or the recording of an earlier debug event in the DBSR
when MSR[DE] = 0 or DBCRO[IDM] = 0 causes a debug interrupt.

Programming note: Software must clear debug event status in the DBSR in the debug interrupt handler

when a debug interrupt is taken before re-enabling interrupts through MSR[DE]. Otherwise, redundant debug

interrupts are taken for the same debug event.

34-35

RST |Reset. The e500 implements these bits as follows:

0x Default (No action)

1x Causes a hard reset if MSR[DE] and DBCRO[IDM] are set. Always cleared on subsequent cycle. This
causes a hard reset to the core only.

36

ICMP | Instruction completion debug event enable

0 ICMP debug events are disabled

1 ICMP debug events are enabled

Note: Instruction completion does not cause an ICMP debug event if MSR[DE] = 0.

37

BRT |Branch taken debug event enable
0 BRT debug events are disabled
1 BRT debug events are enabled
Note: Taken branches do not cause a BRT debug event if MSR[DE] = 0.

38

IRPT |Interrupt taken debug event enable. This bit affects only noncritical interrupts.
0 IRPT debug events are disabled
1 IRPT debug events are enabled

39

TRAP | Trap debug event enable
0 TRAP debug events cannot occur
1 TRAP debug events can occur

40

IAC1 | Instruction address compare 1 debug event enable
0 IAC1 debug events cannot occur
1 1AC1 debug events can occur

41

IAC2 |Instruction address compare 2 debug event enable
0 IAC2 debug events cannot occur
1 1AC2 debug events can occur

42-43

— Reserved, should be cleared.

44-45

DAC1 |Data address compare 1 debug event enable

00 DAC1 debug events cannot occur

01 DAC1 debug events can occur only if a store-type data storage access
10 DAC1 debug events can occur only if a load-type data storage access
11 DAC1 debug events can occur on any data storage access

46-47

DAC2 |Data address compare 2 debug event enable

00 DAC2 debug events cannot occur

01 DAC2 debug events can occur only if a store-type data storage access
10 DAC2 debug events can occur only if a load-type data storage access
11 DAC2 debug events can occur on any data storage access
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Table 6-35. DBCRO Field Descriptions (continued)

Bits | Name Description

48 RET |Return debug event enable

0 RET debug events cannot occur

1 RET debug events can occur

Note: An rfci does not cause an RET debug event if MSR[DE] = 0 at the time that rfci executes.

49-62 — Reserved, should be cleared.

63 FT |Freeze timers on debug event
0 Enable clocking of timers
1 Disable clocking of timers if any DBSR bit is set (except MRR)

6.13.1.2 Debug Control Register 1 (DBCR1)

SPR 309 Access: Supervisor read/write
32 33 34 35 |3 37 38 39|40 41 42 ‘ ‘ 63
R
W IAC1US | IAC1ER | IAC2US | IAC2ER | IAC12M —
Reset All zeros
Figure 6-51. Debug Control Register 1 (DBCR1)
Table 6-36. DBCR1 Field Descriptions
Bits Name Description

32-33 | IAC1US | Instruction address compare 1 user/supervisor mode
00 IAC1 debug events can occur

01 Reserved

10 IAC1 debug events can occur only if MSR[PR] = 0
11 IAC1 debug events can occur only if MSR[PR] = 1

34-35 | IAC1ER | Instruction address compare 1 effective/real mode

00 IAC1 debug events are based on effective addresses

01 Reserved on the €500

10 IAC1 debug events are based on effective addresses and can occur only if MSR[IS] =0
11 IAC1 debug events are based on effective addresses and can occur only if MSRJ[IS] = 1

36-37 | IAC2US | Instruction address compare 2 user/supervisor mode
00 IAC2 debug events can occur

01 Reserved

10 IAC2 debug events can occur only if MSR[PR] = 0
11 IAC2 debug events can occur only if MSR[PR] = 1

38-39 | IAC2ER | Instruction address compare 2 effective/real mode

00 IAC2 debug events are based on effective addresses

01 Reserved on the €500

10 IAC2 debug events are based on effective addresses and can occur only if MSR[IS] = 0
11 IAC2 debug events are based on effective addresses and can occur only if MSRJ[IS] = 1
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Table 6-36. DBCR1 Field Descriptions (continued)

Bits Name Description

40-41 | IAC12M | Instruction address compare 1/2 mode

00 Exact address compare. IAC1 debug events can occur only if the address of the instruction fetch is
equal to the value specified in IAC1. IAC2 debug events can occur only if the address of the instruction
fetch is equal to the value specified in IAC2.

01 Address bit match. IAC1 and IAC2 debug events can occur only if the address of the instruction fetch,
ANDed with the contents of IAC2 are equal to the contents of IAC1, plus ANDed with the contents of
IAC2.

If IAC1US # IAC2US or IAC1ER = IAC2ER, results are boundedly undefined.

10 Inclusive address range compare. IAC1 and IAC2 debug events occur only if the address of the
instruction fetch is greater than or equal to the value specified in IAC1 and less than the value specified
in IAC2.

If IAC1US = IAC2US or IAC1ER = IAC2ER, results are boundedly undefined.

11 Exclusive address range compare. IAC1 and IAC2 debug events occur only if the address of the
instruction fetch is less than the value specified in IAC1 or is greater than or equal to the value specified
in IAC2.

If IAC1US = IAC2US or IAC1ER = IAC2ER, results are boundedly undefined.

42-63 — Reserved, should be cleared.

6.13.1.3 Debug Control Register 2 (DBCR2)

SPR 310 Access: Supervisor read/write
32 33 34 35| 36 37 38 39| 40 41 42 ‘ ‘ 63
R| DAC1U | DAC1E | DAC2U | DAC2E | DAC12 .
W S R S R M
Reset All zeros

Figure 6-52. Debug Control Register 2 (DBCR2)

Table 6-37. DBCR2 Field Descriptions

Bits Name Description

32-33 | DAC1US | Data address compare 1 user/supervisor mode

00 DAC1 debug events can occur

01 Reserved

10 DAC1 debug events can occur only if MSR[PR] = 0.
11 DAC1 debug events can occur only if MSR[PR] = 1.

34-35 | DAC1ER | Data address compare 1 effective/real mode

00 DACT1 debug events are based on effective addresses.

01 Reserved on the e500

10 DAC1 debug events are based on effective addresses and can occur only if MSR[DS] = 0.
11 DAC1 debug events are based on effective addresses and can occur only if MSR[DS] = 1.

36-37 | DAC2US | Data address compare 2 user/supervisor mode

00 DAC2 debug events can occur.

01 Reserved

10 DAC2 debug events can occur only if MSR[PR] = 0.
11 DAC2 debug events can occur only if MSR[PR] = 1.
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Table 6-37. DBCR2 Field Descriptions (continued)

Bits Name Description

38-39 | DAC2ER | Data address compare 2 effective/real mode

00 DAC2 debug events are based on effective addresses.

01 Reserved on the e500

10 DAC2 debug events are based on effective addresses and can occur only if MSR[DS] = 0.
11 DAC2 debug events are based on effective addresses and can occur only if MSR[DS] = 1.

40-41 | DAC12M | Data address compare 1/2 mode

00 Exact address compare. DAC1 debug events can occur only if the address of the data storage access
is equal to the value specified in DAC1. DAC2 debug events can occur only if the address of the data
storage access is equal to the value specified in DAC2.

01 Address bit match. DAC1 and DAC2 debug events can occur only if the address of the data storage
access, ANDed with the contents of DAC2 are equal to the contents of DAC1, also ANDed with the
contents of DAC2.

If DAC1US = DAC2US or DAC1ER # DAC2ER, results are boundedly undefined.

10 Inclusive address range compare. DAC1 and DAC2 debug events can occur only if the address of the
data storage access is greater than or equal to the value specified in DAC1 and less than the value
specified in DAC2.

If DAC1US = DAC2US or DAC1ER # DAC2ER, results are boundedly undefined.

11 Exclusive address range compare. DAC1 and DAC2 debug events can occur only if the address of the
data storage access is less than the value specified in DAC1 or is greater than or equal to the value
specified in DAC2.

If DAC1US = DAC2US or DAC1ER = DAC2ER, results are boundedly undefined.

42-63 — Reserved, should be cleared.

6.13.2 Debug Status Register (DBSR)

SPR: 304 Access: Supervisor wic
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
R IDE | UDE MRR ICMP | BRT | IRPT |TRAP| IAC1 | IAC2 D,;C1 DAC1W D';CZ DAC2W
W| wic | wic wic wic | wic | wic | wic | wic | wic wic wic wic wic
Reset 0 0 undefined 0 0 0 0 0 0 0 0 0 0 0 0
48 49 63
R| RET
W| wic
Reset All zeros

Figure 6-53. Debug Status Register (DBSR)
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Table 6-38. DBSR Field Descriptions

Bits Name Description

32 IDE Imprecise debug event. Set if MSR[DE] = 0 and a debug event causes its respective DBSR bit to be set.
Functions as write-one-to-clear.

33 UDE Unconditional debug event. Set if an unconditional debug event occurred. Functions as
write-one-to-clear. If UDE (level sensitive, active low) is asserted, DBSR[UDE] is affected as follows:
MSR[DE]DBCRO[IDM]Action
X 0 No action.

0 1 UDE is set.
1 1 UDE is set and a debug interrupt is taken.
34-35 MRR Most recent reset. Functions as write-one-to-clear. Undefined at power-on. The €500 implements
HRESET as follows:
0x No hard reset occurred since this bit was last cleared by software.
1x The previous reset was a hard reset.

36 ICMP Instruction complete debug event. Set if an instruction completion debug event occurred and
DBCRO[ICMP] = 1. Functions as write-one-to-clear.

37 BRT Branch taken debug event. Set if a branch taken debug event occurred (DBCRO[BRT] = 1). Functions as
write-one-to-clear.

38 IRPT Interrupt taken debug event. Set if an interrupt taken debug event occurred (DBCRO[IRPT] = 1).
Functions as write-one-to-clear.

39 TRAP | Trap instruction debug event. Set if a trap Instruction debug event occurred (DBCRO[TRAP] = 1).
Functions as write-one-to-clear.

40 IAC1 Instruction address compare 1 debug event. Set if an IAC1 debug event occurred (DBCRO[IAC1] = 1).
Functions as write-one-to-clear.

41 IAC2 Instruction address compare 2 debug event. Set if an IAC2 debug event occurred (DBCRO[IAC2] = 1).
Functions as write-one-to-clear.

42-43 — Reserved, should be cleared

44 DAC1R |Data address compare 1 read debug event. Set if a read-type DAC1 debug event occurred
(DBCRO[DAC1] = 10 or 11). Functions as write-one-to-clear.

45 DAC1W |Data address compare 1 write debug event. Set if a write-type DAC1 debug event occurred
(DBCRO[DAC1] = 01 or 11). Functions as write-one-to-clear.

46 DAC2R |Data address compare 2 read debug event.Set if a read-type DAC2 debug event occurred
(DBCRO[DAC2] = 10 or 11). Functions as write-one-to-clear.

47 DAC2W | Data address compare 2 write debug event. Set if a write-type DAC2 debug event occurred
(DBCRO[DAC2] = 01 or 11). Functions as write-one-to-clear.

48 RET Return debug event. Set if a return debug event occurred (DBCRO[RET] = 1). Functions as
write-one-to-clear.

49-63 — Reserved, should be cleared.
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6.13.3 Instruction Address Compare Registers (IAC1-1AC2)

SPR 312 (IAC1); SPR 313 (IAC2) Access: Supervisor read/write
52 | | | | | | | 61 62 63
R )
Instruction address —
w

Reset All zeros

Figure 6-54. Instruction Address Compare Registers (IAC1-1AC2)

6.13.4 Data Address Compare Registers (DAC1-DAC2)

SPR 316 (DAC1); SPR 317 (DAC2) Access: Supervisor read/write
2 | | | | | | 63
R
Data address
w

Reset All zeros

Figure 6-55. Data Address Compare Registers (DAC1-DAC2)

6.14 Signal Processing and Embedded Floating-Point Status
and Control Register (SPEFSCR)

SPR: 512 Access: User mixed
— High-Word Error Bits ——————— ——— StatusBits ——————
32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
R MODE
W SOVH |OVH |FGH|FXH|FINVH|FDBZH|FUNFH | FOVFH — FINXS| FINVS |FDBZS|FUNFS|FOVFS
Reset All zeros

———— Enable Bits ———

48 49 50 51 52 53 54 55 |56 57 58 59 60 61 62 63
R
W SOV | OV | FG | FX | FINV | FDBZ | FUNF | FOVF |—|FINXE|FINVE |FDBZE FUNFE|FOVFE FRMC
Reset All zeros
Figure 6-56. Signal Processing and Embedded Floating-Point Status and
Control Register (SPEFSCR)
Table 6-39. SPEFSCR Field Descriptions
Bits Name Function
32 SOVH |Summary integer overflow high. Set whenever an instruction (except mtspr) sets OVH. SOVH remains set
until it is cleared by an mtspr[SPEFSCRY].
33 OVH |Integer overflow high. An overflow occurred in the upper half of the register while executing a SPE integer
instruction
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Table 6-39. SPEFSCR Field Descriptions (continued)

Bits Name Function

34 FGH |Embedded floating-point guard bit high. Floating-point guard bit from the upper half. The value is undefined
if the processor takes a floating-point exception due to input error, floating-point overflow, or floating-point
underflow.

35 FXH |Embedded floating-point sticky bit high. Floating bit from the upper half. The value is undefined if the
processor takes a floating-point exception due to input error, floating-point overflow, or floating-point
underflow.

36 FINVH |Embedded floating-point invalid operation error high. Set when an input value on the high side is a NaN, Inf,
or Denorm. Also set on a divide if both the dividend and divisor are zero.

37 FDBZH |Embedded floating-point divide by zero error high. Set if the dividend is non-zero and the divisor is zero.

38 FUNFH |Embedded floating-point underflow error high

39 FOVFH |Embedded floating-point overflow error high

40-41 — Reserved, should be cleared.

42 FINXS |Embedded floating-point inexact sticky. FINXS = FINXS | FGH | FXH | FG | FX

43 FINVS |Embedded floating-point invalid operation sticky. Location for software to use when implementing true IEEE
floating point.

44 FDBZS |Embedded floating-point divide by zero sticky. FDBZS = FDBZS | FDBZH | FDBZ

45 FUNFS |Embedded floating-point underflow sticky. Storage location for software to use when implementing true
IEEE floating point.

46 FOVFS |Embedded floating-point overflow sticky. Storage location for software to use when implementing true IEEE
floating point.

47 MODE |Embedded floating-point mode (read only on e500)

48 SOV |Integer summary overflow. Set whenever an SPE instruction (except mtspr) sets OV. SOV remains set until
it is cleared by mtspr[SPEFSCRY].

49 ov Integer overflow. An overflow occurred in the lower half of the register while a SPE integer instruction is
being executed.

50 FG Embedded floating-point guard bit. Floating-point guard bit from the lower half. The value is undefined if the
processor takes a floating-point exception due to input error, floating-point overflow, or floating-point
underflow.

51 FX Embedded floating-point sticky bit. Floating bit from the lower half. The value is undefined if the processor
takes a floating-point exception due to input error, floating-point overflow, or floating-point underflow.

52 FINV |Embedded floating-point invalid operation error. Set when an input value on the high side is a NaN, Inf, or
Denorm. Also set on a divide if both the dividend and divisor are zero.

53 FDBZ |Embedded floating-point divide by zero error. Set of the dividend is non-zero and the divisor is zero.

54 FUNF |Embedded floating-point underflow error

55 FOVF |Embedded floating-point overflow error

56 — Reserved, should be cleared.

57 FINXE |Embedded floating-point inexact enable
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Table 6-39. SPEFSCR Field Descriptions (continued)

Bits Name Function
58 FINVE |Embedded floating-point invalid operation/input error exception enable
0 Exception disabled
1 Exception enabled
If the exception is enabled, a floating-point data exception is taken if FINV or FINVH is set by a floating-point
instruction.
59 FDBZE |Embedded floating-point divide-by-zero exception enable
0 Exception disabled
1 Exception enabled
If the exception is enabled, a floating-point data exception is taken if FDBZ or FDBZH is set by a
floating-point instruction.
60 FUNFE |Embedded floating-point underflow exception enable
0 Exception disabled
1 Exception enabled
If the exception is enabled, a floating-point data exception is taken if FUNF or FUNFH is set by a
floating-point instruction.
61 FOVFE |Embedded floating-point overflow exception enable
0 Exception disabled
1 Exception enabled
If the exception is enabled, a floating-point data exception is taken if FOVF or FOVFH is set by a
floating-point instruction.
62-63 | FRMC |Embedded floating-point rounding mode control
00 Round to nearest
01 Round toward zero
10 Round toward +infinity
11 Round toward —infinity
6.14.1 Accumulator (ACC)
Access: User read/write
o | 0 e | ] ] e
R
W Upper word Lower word
Reset All zeros
Figure 6-57. Accumulator (ACC)
Table 6-40. ACC Fleld Descriptions
Bits Name Function
0-31 Upper word |Holds the upper-word accumulate value for SPE multiply with accumulate instructions
32-63 | Lower word |Holds the lower-word accumulate value for SPE multiply with accumulate instructions
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6.15 Performance Monitor Registers (PMRs)

Table 6-41. Supervisor-Level PMRs (PMR[5] = 1)

Abbreviation Register Name PMR Number | pmr[0-4] | pmr[5-9] | Section/Page
PMCO Performance monitor counter 0 16 00000 10000 6.15.4/6-52
PMCH Performance monitor counter 1 17 00000 10001
PMC2 Performance monitor counter 2 18 00000 10010
PMC3 Performance monitor counter 3 19 00000 10011

PMGCO Performance monitor global control register 0 400 01100 10000 6.15.1/6-49
PMLCa0 Performance monitor local control a0 144 00100 10000 6.15.2/6-50
PMLCa1 Performance monitor local control a1 145 00100 10001
PMLCa2 Performance monitor local control a2 146 00100 10010
PMLCa3 Performance monitor local control a3 147 00100 10011
PMLCbO Performance monitor local control bO 272 01000 10000 6.15.3/6-51
PMLCb1 Performance monitor local control b1 273 01000 10001
PMLCb2 Performance monitor local control b2 274 01000 10010
PMLCb3 Performance monitor local control b3 275 01000 10011

Table 6-42. User-Level PMRs (PMR[5] = 0) (Read Only)

Abbreviation Register Name PMR Number | pmr[0-4] | pmr[5-9] | Section/Page
UPMCO User performance monitor counter 0 0 00000 00000 6.15.4/6-52
UPMCH1 User performance monitor counter 1 1 00000 00001
UPMC2 User performance monitor counter 2 2 00000 00010
UPMC3 User performance monitor counter 3 3 00000 00011

UPMLCa0 |User performance monitor local control a0 128 00100 00000 6.15.3/6-51
UPMLCal |User performance monitor local control a1 129 00100 00001
UPMLCa2 |User performance monitor local control a2 130 00100 00010
UPMLCa3 |User performance monitor local control a3 131 00100 00011
UPMLCbO |User performance monitor local control bO 256 01000 00000 6.15.3/6-51
UPMLCb1 |User performance monitor local control b1 257 01000 00001
UPMLCb2 |User performance monitor local control b2 258 01000 00010
UPMLCb3 |User performance monitor local control b3 259 01000 00011
UPMGCO |User performance monitor global control register O 384 01100 00000 6.15.2/6-50
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6.15.1 Global Control Register 0 (PMGCO0, UPMGCO0)

PMGCO (PMR400) Access: PMGCO: Supervisor- read/write
UPMGCO0 (PMR384) UPMGCO: Supervisor/user read only
32 33 34 35‘ ‘ ‘ ‘ 50 51 ‘ 52 53 54 55 |56 63
R
W FAC | PMIE | FCECE — TBSEL'| — |TBEE' —
Reset All zeros

1 e500v2 only

Figure 6-58. Performance Monitor Global Control Register 0 (PMGCO0),
User Performance Monitor Global Control Register 0 (UPMGCO0)

Table 6-43. PMGCO Field Descriptions

Bits Name Description

32 FAC |Freeze all counters. When FAC is set by hardware or software, PMLCx[FC] maintains its current value until
it is changed by software.

0 The PMCs are incremented (if permitted by other PM control bits).

1 The PMCs are not incremented.

33 PMIE |Performance monitor interrupt enable
0 Performance monitor interrupts are disabled.
1 Performance monitor interrupts are enabled and occur when an enabled condition or event occurs.

34 FCECE |Freeze counters on enabled condition or event

0 The PMCs can be incremented (if permitted by other PM control bits).

1 The PMCs can be incremented (if permitted by other PM control bits) only until an enabled condition or
event occurs. When an enabled condition or event occurs, PMGCO[FAC] is set. It is up to software to
clear FAC.

35-50 — Reserved, should be cleared.

51-52 | TBSEL |Time base selector. Selects the time base bit that can cause a time base transition event (the event occurs
when the selected bit changes from 0 to 1).

00 TB[63] (TBL[31])

01 TB[55] (TBL[23])

10 TB[51] (TBL[19])

11 TB[47] (TBL[15])

Time base transition events can be used to periodically collect information about processor activity. In
multiprocessor systems in which TB registers are synchronized among processors, time base transition
events can be used to correlate the performance monitor data obtained by the several processors. For this
use, software must specify the same TBSEL value for all processors in the system. Because the time-base
frequency is implementation-dependent, software should invoke a system service program to obtain the
frequency before choosing a value for TBSEL.

53-54 — Reserved, should be cleared.
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Table 6-43. PMGCO Field Descriptions (continued)

Bits Name Description
55 TBEE |Time base transition event exception enable.

0 Exceptions from time base transition events are disabled.

1 Exceptions from time base transition events are enabled. A timebase transition is signaled to the
performance monitor if the TB bit specified in PMGCO[TBSEL] changes from 0 to 1. Timebase transition
events can be used to freeze the counters (PMGCO[FCECE]) or signal an exception (PMGCO[PMIE]).
Changing PMGCO[TBSEL] while PMGCO[TBEE] is enabled may cause a false 0 to 1 transition that
signals the specified action (freeze, exception) to occur immediately. Although the interrupt signal
condition may occur with MSR[EE] = 0, the interrupt cannot be taken until MSR[EE] = 1.

56-63 — Reserved, should be cleared.
6.15.2 Local Control A Registers
(PMLCa0-PMLCa3, UPMLCa0-UPMLCa3)
PMLCa0 (PMR144) UPMLCa0 (PMR128) Access: PMLCa0-PMLCa3: Supervisor read/write
PMLCa1 (PMR145) UPMLCa1 (PMR129) UPMLCa0-UPMLCa3: Supervisor/user read only
PMLCa2 (PMR146) UPMLCa2 (PMR130)
PMLCa3 (PMR147) UPMLCa3 (PMR131)
32 33 34 35 3 37 38 ‘40 4 ‘ 47 |48 63
R
W FC|FCS|FCU|FCM1 |FCMO|CE — EVENT —
Reset All zeros
Figure 6-59. Local Control A Registers (PMLCa0-PMLCa3), User Local Control A Registers
(UPMLCa0-UPMLCa3)
Table 6-44. PMLCa0-PMLCa3 Field Descriptions
Bits | Name Description
32 FC |Freeze counter
0 The PMC is incremented (if permitted by other PM control bits).
1 The PMC is not incremented.
33 FCS |Freeze counter in supervisor state
0 The PMC is incremented (if permitted by other PM control bits).
1 The PMC is not incremented if MSR[PR] = 0.
34 FCU |Freeze counter in user state
0 The PMC is incremented (if permitted by other PM control bits).
1 The PMC is not incremented if MSR[PR] = 1.
35 FCM1 |Freeze counter while mark = 1
0 The PMC is incremented (if permitted by other PM control bits).
1 The PMC is not incremented if MSR[PMM] = 1.
36 FCMO |Freeze counter while mark =0
0 The PMC is incremented (if permitted by other PM control bits).
1 The PMC is not incremented if MSR[PMM] = 0.
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Table 6-44. PMLCa0-PMLCa3 Field Descriptions (continued)

Bits | Name Description

37 CE |Condition enable

0 PMCx overflow conditions cannot occur (PMCx cannot cause interrupts, cannot freeze counters)
1 Overflow conditions occur when the most-significant bit of PMCx is equal to 1.

It is recommended that CE be cleared when counter PMCx is selected for chaining.

38-40 — Reserved, should be cleared.

41-47 | EVENT |Event selector. Up to 128 events selectable. These events are described in the PowerPC™ e500 Core Family
Reference Manual.

48-63 — Reserved, should be cleared.

6.15.3 Local Control B Registers (PMLCb0—-PMLCb3,
UPMLCb0-UPMLCb3)

PMLCbO (PMR272) UPMLCbO (PMR256)
PMLCb1 (PMR273) UPMLCb1 (PMR257)
PMLCb2 (PMR274) UPMLCb2 (PMR258)
PMLCb3 (PMR275) UPMLCb3 (PMR259)

Access: PMLCb0-PMLCb3: Supervisor read/write
UPMLCb0-UPMLCDb3: Supervisor/user read only

32 ‘ ‘ ‘ 52 53 55 |56 57 58 63

R

W — THRESHMUL — THRESHOLD
Reset All zeros

Figure 6-60. Local Control B Registers (PMLCb0-PMLCb3)/User Local Control B Registers
(UPMLCbO0-UPMLCb3)
Table 6-45. PMLCb0-PMLCb3 Field Descriptions
Bits Name Description

32-52 — Reserved, should be cleared.

53-55 | THRESHMUL |Threshold multiple

000 Threshold field is multiplied by 1 (PMLCbn[THRESHOLD] x 1)

001 Threshold field is multiplied by 2 (PMLCbn[THRESHOLD] x 2)

010 Threshold field is multiplied by 4 (PMLCbn[THRESHOLD] x 4)

011 Threshold field is multiplied by 8 (PMLCbn[THRESHOLD] x 8)

100 Threshold field is multiplied by 16 (PMLCbnTHRESHOLD] x 16)
101 Threshold field is multiplied by 32 (PMLCbn[THRESHOLD] x 32)
110 Threshold field is multiplied by 64 (PMLCbnTHRESHOLD] x 64)
111 Threshold field is multiplied by 128 (PMLCbn[THRESHOLD] x 128)

56-57 — Reserved, should be cleared.

58-63 | THRESHOLD |Threshold. Only events that exceed the threshold value are counted. Such events are
implementation-dependent as are the dimension (for example duration in cycles) and granularity
with which the value is interpreted.

By varying the value, software can obtain a profile of the event characteristics subject to
thresholding. For example, if PMC1 is configured to count cache misses that last longer than the
threshold value, software can obtain the distribution of cache miss durations for a given program by
monitoring the program repeatedly using a different threshold each time.
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6.15.4 Performance Monitor Counter Registers (PMC0-PMC3,
UPMCO0-UPMC3)

PMCO (PMR16) UPMCO (PMRO) Access: PMC0-PMCS3: Supervisor read/write
PMC1 (PMR17) UPMC1 (PMR1) UPMCO0-UPMC3: Supervisor/user read only
PMC2 (PMR18)  UPMC2 (PMR2)
PMC3 (PMR19) UPMC3 (PMR3)

32 33 ‘ ‘ ‘ 63
R
ov Counter value
w
Reset All zeros
Figure 6-61. Performance Monitor Counter Registers (PMC0-PMC3)/User Performance Monitor
Counter Registers (UPMCO0-UPMC3)
Table 6-46. PMC0-PMC3 Field Descriptions
Bits Name Description
32 ov Overflow. When this bit is set, it indicates this counter reaches its maximum value.
33-63 | Counter value [Indicates the number of occurrences of the specified event
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Chapter 7
L2 Look-Aside Cache/SRAM

This chapter describes the organization of the on-chip L2/SRAM, cache coherency rules, cacheline
replacement algorithm, cache control instructions, and various cache operations. It also describes the
interaction between the L2/SRAM and the €500 core complex.

71 L2 Cache Overview

The integrated 256-Kbyte L2 cache is organized as 1024 eight-way sets of 32-byte cache lines based on
36-bit physical addresses, as shown in Figure 7-1.

256-Kbyte €500 Core Complex
L2 Cache/SRAM
"Eg "55 €500 Core
32-Kbyte L1 32-Kbyte L1
Four 6‘(18Kv%§/? banks Data Cache Instruction Cache
Independently programmable
as L2 cache or SRAM Core Complex Bus
WRIN DOUT RDIN RD1 RD2 WR
A A i 7
64
128
128

A \J
| Coherency Module |

Figure 7-1. L2 Cache/SRAM Configuration

The SRAM can be configured with memory-mapped registers as externally accessible memory-mapped
SRAM in addition to or instead of cache. The L2 cache can operate in the following modes, described in
Section 7.2, “L2 Cache and SRAM Organization™:
* Full cache mode (256-Kbyte cache).
*  Full memory-mapped SRAM mode (256-Kbyte SRAM mapped as a single 256-K byte block or
two 128-Kbyte blocks)

* Partial SRAM and partia cache mode, in which one eighth, one quarter, or one half the total
on-chip memory can be allocated to 1 or 2 SRAM regions.

MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1

Freescale Semiconductor 7-1



L2 Look-Aside Cache/SRAM

711

L2 Cache and SRAM Features

The L2 cache has the following characteristics:

Supports 36-bit address space

Write-through, front-side cache

— Front-side design provides easier cache access for the 1/O masters, such as Ethernet

— Write-through design is more efficient on the processor bus for front-side caches

Valid, locked, and stale states (no modified state)

Two input data buses (64 and 128 bits wide) and one output data bus (128 bits wide)

All accesses are fully pipelined and non-blocking (allows hits under misses)

256-K byte array organized as 1024 eight-way sets of 32-byte cache lines

Eight-way set associativity with a pseudo-LRU (7-bit) replacement algorithm.

— Highlevel of associativity yields good performance even with many lines locked or used as
SRAM regions

I/O devices can store datainto the cache in a process called *stashing.’

— Stashing isindicated for global 1/0 writes either by atransaction attribute or by a
programmable memory range

— Regions of the cache can bereserved exclusively for stashing to prevent pollution of processor
cache regions.

Processor L2 cache regions are configurable to allocate instructions, data, or both.

— External masters can force datato be allocated into the cache through programmed memory
ranges or special transaction types (stashing).
— 1, 2, or 4 ways can be configured for stashing only

Data ECC on 64-bit boundaries (single-error correction, double-error detection)

Tag arrays use 21 tag bits and 1 tag parity bit per line.

Multiple cache locking methods supported

— Individual line locks are set and cleared by using €500 cache locking APU instructions—Data
Cache Block Touch and Lock Set (dcbtls), Data Cache Block Touch for Store and Lock Set
(dcbtstls), and Instruction Cache Block Touch and Lock Set (icbtls).

— A lock attribute can be attached to write operations.

— Individua line locks are set and cleared through core-initiated instructions, by external reads
or writes, or by accesses to programmed memory ranges defined in L2 cache external write
addressregisters (L2CEWARnN).

— The entire cache can be locked by setting a configuration register appropriately.
Lock clearing methods

— Individual locks can be cleared by cache-locking APU instructions—Data Cache Block Lock
Clear (dcblc) and Instruction Cache Block Lock Clear (icblc)—or by asnooped flush unless
entire cache is locked.

— Hash clearing of all instruction and/or datalocks is done by writes to configuration registers.
— Anunlock attribute can be attached to a read instruction.
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» Error injection modes supported for testing error handling

SRAM fesatures include the following:

* SRAM regions are created by configuring 1, 2, 4 or 8 ways of each set to be reserved for
memory-mapped SRAM.

* Regions can reside at any location in the memory map aligned to the SRAM size.

* SRAM memory is byte addressable; for accesses of |ess than a cache line, ECC is updated using
read-modify-write transactions.

* 1/O devices access SRAM regions by marking transactions as snoopable (global).

Table 1 lists the possible L2 cache/SRAM configurations.
Table 1. Available L2 Cache/SRAM Configurations

Cache Stash-only Region SRAM Region 1 SRAM Region 2
256 Kbytes — — —
224 Kbytes — 32 Kbytes —

32 Kbytes — —

192 Kbytes — 64 Kbytes —
32 Kbytes 32 Kbytes

32 Kbytes 32 Kbytes —

64 Kbytes — —

160 Kbytes 32 Kbytes 64 Kbytes —
32 Kbytes 32 Kbytes

64 Kbytes 32 Kbytes —

128 Kbytes — 128 Kbytes —
64 Kbytes 64 Kbytes

64 Kbytes 64 Kbytes —
32 Kbytes 32 Kbytes

128 Kbytes — —

96 Kbytes 32 Kbytes 128 Kbytes —
64 Kbytes 64 Kbytes

128 Kbytes 32 Kbytes —

64 Kbytes 64 Kbytes 128 Kbytes —
64 Kbytes 64 Kbytes

128 Kbytes 64 Kbytes —
32 Kbytes 32 Kbytes

— — 256 Kbytes —
128 Kbytes 128 Kbytes

128 Kbytes 128 Kbytes —
64 Kbytes 64 Kbytes
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7.2 L2 Cache and SRAM Organization

The on-chip memory array has four banks, each containing 256 sets of eight cache blocks (or ‘ways'), as
shown in Figure 7-2. Each block consists of 32 bytes of data and a tag.

° °
Bank 3 oesets | —s ——t——t————+—+—
° °
'_I— —|| f
|| T T T T T T T |
Way 0 Address Tag 0 |1 Words [0-7] | TH
t t t t t t t
Way 1 Address Tag 1 L T Words [0-7] | H
[l [l [l [l [l [l [l
} } } } } } }
Way 2 Address Tag2 || Words [0-7] | H
l l l l l l l
} } } } } } }
Way 3 Address Tag3 | | Words [0-7] | H
] ] ] ] ] ] ]
T T T T T T T
Way 4 Address Tag4 | | Words [0-7] | H
I I I I I I }
1L
Bank 0 256 Sets ® > Tag ! ! .I ! | | | L -
L J T T hd T T T T T T
o b Tagd ® L]
- — | |
|| T T T T T T T | L
Way 0 Address Tag 0 N Words [0-7] | 1 1
, , , \ , , ,
} } } } } } }
Way 1 Address Tag 1 | T Words [0-7] | H
[l [l [l [l [l [l [l
Way 2 Address Tag 2 | T Words [0-7] | H
l l l l l l l
} } } } } } }
Way 3 Address Tag3 [ | Words [0-7] | H
1 1 1 1 1 1 1
T T T T T T T
Way 4 Address Tag 4 | T Words [0-7] | H
1 1 1 1 1 1 1
} } } } } } }
Way 5 Address Tag5 | | Words [0-7] Hlls
[l [l [l [l [l [l [l
Way 6 Address Tag6 | || Words [0-7] | ]
l l l l l l l
} } } } } } }
Way 7 Address Tag 7 | [ Words [0-7] |~
1 1 1 1 1 1 1

l(— 8 Words/Block —)'

Figure 7-2. Cache Organization
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7.2.1 Accessing the On-Chip Array as an L2 Cache
Figure 7-3 shows how physical address bits are used to access the L2 cache.

21 22 23 30
Tag Lookup ADDR

e e

Bank select Set index

(8 bits)
Tags (21 bits)
l |
= Hﬂm 8 Tags per Set
Way Select 0 20
ADDR
\n pare /
Way
21 22 23 30 31 35
Data Read/rite | ' ADDR | ADDR
T
Bank select ~ Setindex Way select Byte select
(8 bits) (3 bits) (5 bits)

Figure 7-3. Physical Address Usage for L2 Cache Accesses

Physical address bits 21-30 identify the bank and set of the tag and data. Physical address bits 0—20 are
compared against the tags of all eight ways. A match of avalid tag selectsa 32-byte block of data (or way)
within the set. Physical address bits 31-35 identify the byte or bytes of data within the block.

7.2.2 Accessing the On-Chip Array as an SRAM

When all or part of the array is dedicated to memory mapped SRAM, individual ways of each set are
reserved for that purpose. SRAM accesses use physical address bits 18-20 in conjunction with the SRAM
mode to select away of the indexed set.
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L2CTL Register

L2SRBAR Registers

0 13

15

31

L2SRAM

L Base Addr

ADDR

Physical Address Bits

31

35

ADDR

20
\\\\\\‘\\\_BARthompam
18 20
Way
21 22 23 30
|  ADDR |
Bank select ~ Setindex Way Select
(8 bits) (3 bits)

-

Byte select
(5 bits)

Figure 7-4. Physical Address Usage for SRAM Accesses

The mapping of address bitsand SRAM mode to away select isshown below in Table 7-2. SRAM sizeis

reflected in L2CTL[L2SIZ].

Table 7-2. Way Selection for SRAM Accesses

Description L2SRAM BAR 0 Hit BAR 1 Hit Addr[18-20] Way Select

No SRAM 000 — — — —

Entire Array is SRAM 001 1 0 000 0

(single 256-KB SRAM if L2S1Z=256 KB) 001 1
010 2

011 3

100 4

101 5

110 6

111 7
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Table 7-2. Way Selection for SRAM Accesses (continued)

Description L2SRAM BAR 0 Hit BAR 1 Hit Addr[18-20] || Way Select
One half of array is an SRAM 010 1 0 x00 0
(single 128-KB SRAM if L2S1Z=256 KB) o1 ]
X

x10 2

x11 3

Both halves of array are SRAM 011 1 0 x00 0
(two 128-KB SRAM if L2S1Z2=256 KB)

x01 1

x10 2

x11 3

0 1 x00 4

x01 5

x10 6

x11 7

One quarter of the array is SRAM 100 1 0 xx0 0
(single 64-KB SRAM if L2S1Z=256 KB)

xx1 1

Two quarters of the array are SRAMs 101 1 0 xx0 0
(single 64-KB SRAM if L2S1Z=256 KB)

xx1 1

0 1 xx0 2

xx1 3

One eighth of the array is an SRAM 110 1 0 — 0
(single 32-KB SRAM if L2S1Z=256 KB)

Two eighths of the array are SRAM 111 1 0 — 0

(single 32-KB SRAM if L2S1Z=256 KB) 0 ] ]

7.2.3 Connection of the On-Chip Memory to the System

The €500 core connectsto the L 2 cache and the system interface through the high-speed core complex bus
(CCB). The €500 core and the L2 cache connect to the rest of the integrated device through the €500
coherency module (ECM). Figure 7-5 shows the data connections of the €500 core and L2/SRAM. The
€500 core can simultaneously read 128 bits of datafrom the L2/SRAM, read 64 bits of datafrom the
system interface, and write 128 bits of data to the L2/SRAM and/or system interface.
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The L2/SRAM can be accessed by the €500 core or the system interface through the ECM. The L2 cache
does not initiate transactions. Figure 7-5 shows the data bus connections of the €500 core and L2/SRAM.

€500 Core L2/SRAM
RD1 RD2 WR RD IN DOUT WR IN
\ \ A A
64
128
128
Y i

€500 Coherency Module
(ECM)

Figure 7-5. Data Bus Connection of CCB

Figure 7-6 shows address connections of the €500 core and L2/SRAM.

e500 Core L2/SRAM

SNOOP MSTR ADDR_IN
\

€500 Coherency Module
(ECM)

Figure 7-6. Address Bus Connection of CCB

In SRAM mode, if anon—cache-line read or write transaction isnot preceded by acache-linewrite, an ECC
error occurs; such a non—cache-line write transaction cannot be allocated in the L2.

7.3 Memory Map/Register Definition

Table 7-3 shows the memory map for the L2/SRAM registers.

In this table and in the register figures and field descriptions, the following access definitions apply:
* Reserved fields are aways ignored for the purposes of determining access type.
* R/W, R, and W (read/write, read only, and write only) indicate that all the non-reserved fieldsin a
register have the same access type.
» wilcindicatesthat all of the non-reserved fieldsin aregister are cleared by writing onesto them.
» Mixed indicates a combination of access types.

» Specia isused when no other category applies. Inthis case theregister figure and field description
table should be read carefully.
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Table 7-3. L2/SRAM Memory-Mapped Registers

L2 Look-Aside Cache/SRAM

Offset Register Access Reset Section/Page
0x2_0000 | L2CTL—L2 control register R/W 0x2000_0000 | 7.3.1.1/7-10
0x2_0010 | L2CEWARO—L2 cache external write address register 0 R/W 0x0000_0000 | 7.3.1.2.1/7-13
0x2_0014 | L2CEWAREAO—L2 cache external write address register extended R/W 0x0000_0000 | 7.3.1.2.2/7-14

address 0
0x2_0018 | L2CEWCRO0—L2 cache external write control register 0 R/W 0x0000_0000 | 7.3.1.2.3/7-14
0x2_0020 | L2CEWAR1—L2 cache external write address register 1 R/W 0x0000_0000 | 7.3.1.2.1/7-13
0x2_0024 | L2CEWAREA1—L2 cache external write address register extended R/W 0x0000_0000 | 7.3.1.2.2/7-14
address 1
0x2_0028 | L2ZCEWCR1—L2 cache external write control register 1 R/W 0x0000_0000 | 7.3.1.2.3/7-14
0x2_0030 | L2CEWAR2—L2 cache external write address register 2 R/W 0x0000_0000 | 7.3.1.2.1/7-13
0x2_0034 | L2CEWAREA2—L2 cache external write address register extended R/W 0x0000_0000 | 7.3.1.2.2/7-14
address 2
0x2_0038 | L2ZCEWCR2—L2 cache external write control register 2 R/W 0x0000_0000 | 7.3.1.2.3/7-14
0x2_0040 | L2ZCEWAR3—L2 cache external write address register 3 R/W 0x0000_0000 | 7.3.1.2.1/7-13
0x2_0044 | L2CEWAREA3—L2 cache external write address register extended R/W 0x0000_0000 | 7.3.1.2.2/7-14
address 3
0x2_0048 | L2CEWCR3—L2 cache external write control register 3 R/W 0x0000_0000 | 7.3.1.2.3/7-14
0x2_0100 | L2SRBARO—L2 memory-mapped SRAM base address register 0 R/W 0x0000_0000 | 7.3.1.3.1/7-16
0x2_0104 | L2SRBAREAO—L2 memory-mapped SRAM base address register R/W 0x0000_0000 | 7.3.1.3.2/7-17
extended address 0
0x2_0108 | L2SRBAR1—L2 memory-mapped SRAM base address register 1 R/W 0x0000_0000 | 7.3.1.3.1/7-16
0x2_010C | L2SRBAREA1—L2 memory-mapped SRAM base address register R/W 0x0000_0000 | 7.3.1.3.2/7-17
extended address 1
0x2_0EO00 | L2ZERRINJHI—L2 error injection mask high register R/W 0x0000_0000 | 7.3.1.4.1/7-18
0x2_0EO04 | L2ERRINJLO—L2 error injection mask low register R/W 0x0000_0000 | 7.3.1.4.1/7-18
0x2_0EO08 | L2ERRINJCTL—L2 error injection tag/ECC control register R/W 0x0000_0000 | 7.3.1.4.1/7-18
0x2_0E20 | L2ZCAPTDATAHI—L2 error data high capture register R 0x0000_0000 | 7.3.1.4.2/7-20
0x2_0E24 | L2CAPTDATALO—L2 error data low capture register R 0x0000_0000 | 7.3.1.4.2/7-20
0x2_0E28 | L2ZCAPTECC—L2 error syndrome register R 0x0000_0000 | 7.3.1.4.2/7-20
0x2_0E40 | L2ERRDET—L2 error detect register wic 0x0000_0000 | 7.3.1.4.2/7-20
0x2_0E44 | L2ERRDIS—L2 error disable register R/W 0x0000_0000 | 7.3.1.4.2/7-20
0x2_0E48 | L2ZERRINTEN—LZ2 error interrupt enable register R/W 0x0000_0000 | 7.3.1.4.2/7-20
0x2_0E4C | L2ZERRATTR—L2 error attributes capture register R/W 0x0000_0000 | 7.3.1.4.2/7-20
0x2_O0E50 | L2ZERRADDRH—L2 error address capture register high 0x0000_0000 | 7.3.1.4.2/7-20
0x2_0E54 | L2ZERRADDRL—L2 error address capture register low 0x0000_0000 | 7.3.1.4.2/7-20
0x2_0E58 | L2ZERRCTL—L2 error control register R/W 0x0000_0000 | 7.3.1.4.2/7-20
MPC8544E PowerQUICC Il Integrated Host Processor Family Reference Manual, Rev. 1
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7.3.1

7311

L2/SRAM Register Descriptions
The following sections describe registers that control and configure the L2/SRAM array.

L2 Control Register (L2CTL)

The L2 control register (L2CTL), shown in Figure 7-7, controls configuration and operation of the

L2/SRAM array. The sequence for modifying L2CTL isasfollows:
1. mbar
2. isync
3. stw (WIMG = 01xx) CCSRBAR+0x2_0000
4. lwz (WIMG = 01xx) CCSRBAR+0x2_0000

5. mbar
Offset 0x2_0000 Access: Read/Write
0 1 2 3 4 ‘ 8 9 10 11 12 13 15
R L2SIZ
W L2E L2l — L2DO| L2I0 — L2INTDIS L2SRAM
Reset 0 0 1 0 0 0 0 O ‘ 0 0 0 0 0 0 0 0
16 17 18 19 20 21 22 23 24 27 28 29 30 31
R
W — L2LO [L2SLC| — |L2LFR|L2LFRID — L2STASHDIS| — [L2STASHCTL
Reset All zeros

Figure 7-7. L2 Control Register (L2CTL)

Table 7-4 describes L2CTL fields.

Table 7-4. L2CTL Field Descriptions

Bits

Name

Description

L2E

L2 enable. Used to enable the L2 array (cache or memory-mapped SRAM).

0 The L2 SRAM (cache and memory-mapped SRAM) is disabled and is not accessed for reads,
snoops, or writes. Setting the L2 flash invalidate bit (L2l) is allowed.

1 The L2 SRAM (cache or memory-mapped SRAM) is enabled.

Note that L2l can be set regardless of the value of L2E.

L2

L2 flash invalidate.

0 The L2 status and LRU bits are not being cleared.

1 Setting L2l invalidates the L2 cache globally by clearing the all the L2 status bits, as well as the LRU
algorithm. Memory-mapped SRAM is unaffected.

Data to memory-mapped SRAM are unaffected by the flash invalidate. The hardware automatically

clears L21 when the invalidate is complete.

2-3

L2SIZ

L2 SRAM size (read only). Indicates the total available size of on-chip memory array (to be configured
as cache or memory-mapped SRAM).

00 Reserved

01 256 Kbyte

10 Reserved

11 Reserved
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Table 7-4. L2CTL Field Descriptions (continued)

Bits

Name

Description

4-8

Reserved

L2DO

L2 data-only. Reserved in full memory-mapped SRAM mode. L2DO may be changed while the L2 is

enabled or disabled.

0 The L2 cache allocates entries for instruction fetches that miss in the L2.

1 The L2 cache allocates entries for processor data loads that miss in the L2 and for processor L1
castouts but does not allocate entries for instruction fetches that miss in the L2. Instruction accesses
that hit in the L2, data accesses, and accesses from the system (including 1/O stash writes) are
unaffected.

Note that if L2DO and L210 are both set, no new lines are allocated into the L2 cache for any processor

transactions, and processor writes and castouts that hit existing data in the cache invalidate those lines

rather than updating them.

10

L210

L2 instruction-only. Reserved in full memory-mapped SRAM mode. Causes the L2 cache to allocate
lines for instruction cache transactions only. L2I0 may be changed while the L2 is enabled or disabled.
0 The L2 cache entries are allocated for data loads that miss in the L2 and for processor L1 castouts.
1 The L2 cache allocates entries for instruction fetch misses, but does not allocate entries for
processor data transactions. Data accesses that hit in the L2, instruction accesses, and accesses
from the system (including I/O stash writes) are unaffected.
Note that if L2DO and L210 are both set, no new lines are allocated into the L2 cache for any processor
transactions, and processor writes and castouts that hit existing data in the cache invalidate those lines
rather than updating them.

11

Reserved

12

L2INTDIS

Cache read intervention disable. Reserved for full memory-mapped SRAM mode. Used to disable

cache read intervention. May be changed while the L2 is enabled or disabled.

0 Cache intervention is enabled. The ECM ensures that if a data read from another device hits in the
L2 cache, it is serviced from the L2 cache.

1 Cache intervention is disabled

13-15

L2SRAM

L2 SRAM configuration. Determines the L2 cache/memory-mapped SRAM allocation of the on-chip
memory array. SRAM size depends on the value of L2SIZ. Since L2SIZ is 256 Kbytes, SRAM can have
sizes from 32 Kbytes to 256 Kbytes.

000 No SRAM. Entire array is cache.

001 Entire array is a single SRAM (256-Kbyte SRAM for L2S1Z = 256 Kbytes)

010 One half of the array is an SRAM (128-Kbyte SRAM for L2SIZ = 256 Kbytes)

011 Both halves of the array are SRAMs (two 128-Kbyte SRAMs for L2SIZ = 256 Kbytes)

100 One quarter of the array is an SRAM (one 64-Kbyte SRAM for L2S1Z = 256 Kbytes)

101 Two quarters of the array are SRAMs (two 64-Kbyte SRAMs for L2S1Z = 256 Kbytes)

110 One eighth of the array is an SRAM (one 32-Kbyte SRAM for L2SIZ = 256 Kbytes)

111 Two eighths of the array are SRAMs (two 32-Kbyte SRAMs for L2SIZ = 256 Kbytes)

For one SRAM region L2SRBARQO is used and for two SRAM regions L2SRBARO and L2SRABAR1
are used. Regions of the array that are not allocated to SRAMs will be used as cache memory.
To change these bits, the L2 must be disabled (L2CTL[L2E] = 0).

Note that when setting L2SRAM after cache has been enabled, L2l should be set as well. The fields
can be set simultaneously, and this step is not needed if SRAM size is getting smaller.

16-17

Reserved
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Table 7-4. L2CTL Field Descriptions (continued)

Bits

Name

Description

18

L2LO

L2 cache lock overflow. Reserved in full memory-mapped SRAM mode. This sticky bit is set if an
overlock condition is detected in the L2 cache. A lock overflow is triggered either by executing
instruction or data cache block touch and lock set instructions or by performing L2 cache external
writes with lock set. If all ways are locked and an attempt to stash is made, the stash is not allocated.
0 The L2 cache did not encounter a lock overflow. L2LO is cleared only by software.

1 The L2 cache encountered a lock overflow condition.

19

L2SLC

L2 snoop lock clear. This sticky bit is set if a snoop invalidated a locked data cache line. Note that the
lock bit for that line is cleared whenever the line is invalidated. L2SLC is reserved in full
memory-mapped SRAM mode.

0 A snoop did not invalidate a locked L2 cache line. L2SLC is cleared only by software.

1 The L2 cache encountered a snoop that invalidated a locked line.

20

Reserved

21

L2LFR

L2 cache lock bits flash reset. The L2 cache must be enabled (L2CTL[L2E] = 1) for reset to occur. This
field is reserved in full memory-mapped SRAM mode.

0 The L2 cache lock bits are not cleared or the clear operation completed.

1 A reset operation is issued that clears each L2 cache line’s lock bits. Depending on the L2LFRID
value, data or instruction locks, or both, can be reset. Cache access is blocked during this time. After
L2LFR is set, the L2 cache unit automatically clears L2LFR when the reset operation is complete
(if L2CTL[L2E] is set).

22-23

L2LFRID

L2 cache lock bits flash reset select instruction or data. Indicates whether data or instruction lock bits
or both are reset.

00 Not used

01 Reset data locks if L2LFR = 1.

10 Reset instruction locks if L2LFR = 1.

11 Reset both data and instruction locks if L2LFR = 1.

24-27

Reserved

28

L2STASHDIS

L2 stash allocate disable. Disables allocation of lines for stashing.

0 The L2 cache will allocate lines for global writes that hit in a stash range or that have the stashing
attribute set.
1 The L2 will not allocate lines for stashed writes.
Note: This bit does NOT affect the updating of lines that are already resident in the cache and have
the stash attribute set or hit a stash range. Such lines will be updated even if this bit is set.To
change this bit, the L2 must be disabled (L2CTL[L2E] = 0).
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Table 7-4. L2CTL Field Descriptions (continued)

Bits Name Description

29 — Reserved

30-31| L2STASHCTL | L2 stash configuration. This field reserves regions of the cache for stash-only operation. That is, blocks
of each cache set are reserved so that they can only be allocated for stash data. If such a region is
created, processor reads and writes will not be allocated into this region; it can only be populated by
stash writes. Similarly, stash writes will only be allocated into this region. This prevents processor and
stashed I/O data from polluting one another.

00 No stash-only region. Stashed writes will be allocated across the entire cache and can evict
processor data and can be evicted by processor data.

01 One half of the array is a stash-only cache (way4, way5, way6 & way7 of each set)

10 One quarter of the array is a stash-only cache (way6 & way7 of each set)

11 One eighth of the array is a stash-only cache (way7 of each set)

Like L2SRAM configuration, stash-only regions subtract from the amount of the on-chip memory that

is available to the processor as cache. If the L2SRAM configuration uses the entire on-chip memory

array as SRAM, then no stash-only region can be created.

To change these bits, the L2 must be disabled (L2CTL[L2E] = 0). This field has no effect if the
L2STASHDIS bit is set.

7.3.1.2 L2 Cache External Write Registers

The device supports allocating and locking L2 cache lines from external agents such as PCI. This
functionality iscalled stashing. Four sets of registersare provided to support thisfeature; each set hasthree
registers that specify a programmed memory range that can be locked with a snoop write transaction. All
three registersin a set must be configured in order to use an external write address.

Theseregisters are the L 2 cache external write addressregisters 0-3 (L2CEWARN), the L 2 cache external
write address registers extended address 0-3 (L2CEWAREAN), and the L 2 cache external write control
registers 0-3 (L2CEWCRn). L2CEWARnN contain the lower 24 bits of the external write base address and
L2CEWAREAN contain the upper 4 bits. The base address specified in the address registers must be
naturally aligned to the window size in the corresponding control register.

Further details on the locations and fields of these registers are given in the following sections.

7.3.1.2.1 L2 Cache External Write Address Registers 0—-3 (L2CEWARN)

The L2CEWARN registers contain the lower 24 bits of the 28-bit L2 cache external write base address.
Each of these registers hasidentical fields, as shown in Figure 7-8.

Offset 0x2_0010 Access: Read/Write
0x2_0020
0x2_0030
0x2_0040
0 23|24 31
R
ADDR —
w
Reset All zeros

Figure 7-8. Cache External Write Address Registers (L2CEWARN)
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Table 7-5 describes L2ZCEWARN fields.
Table 7-5. L2ZCEWARnN Field Descriptions

Bits Name Description

0-23 ADDR | Contains the lo