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About This Book

This reference manual defines the functionality of the MPC8548E. This device integrates an e500v2
processor core, based on Power Architecture™ technology, with system logic required for networking,
telecommunications, and wireless infrastructure applications. The processor core is alow-power
implementation of the family of reduced instruction set computing (RISC) embedded processors that
implement the embedded category of the Power Architecture technology. This book isintended as a
companion to the Power PC™ €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.

Organization

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

Part 1, “Overview,” describes the many features of the MPC8548E 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
MPCB8548E integrated host processor. It describes the MPC8548E, its interfaces, and its
programming model. The functional operation of the MPC8548E with emphasis on peripheral
functionsis also described.

* Chapter 2, “Memory Map,” describes the memory map of the MPC8548E. 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 translation mechanisms used to map to and
from external memory spaces are described next. Finally, the configuration, control, and status
registers are described, including a complete listing of all memory-mapped registers with cross
references to the sections detailing descriptions of each.

» Chapter 3, “Signal Descriptions,” providesalisting of al the external signals, cross-referencesfor
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
MPCB8548E.
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Part 11, “e500 Core Complex and L2 Cache,” describesthe many features of the M PC8548E 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,” 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,” providesalisting of the e500v2 registersin reference form.

Chapter 7, “L2 Look-Aside Cache/SRAM,” describes the L2 cache of the MPC8548E. Note that
the L2 cache can also be addressed directly as memory-mapped SRAM.

Part 111, “Memory, Security, and 1/0 Interfaces,” defines the memory, security, and I/O interfaces of the
MPC8548E and how these blocks interact with one another and with other blocks on the device. The
following chapters are included:

Chapter 8, “e500 Coherency Module,” definesthe e500v2 coherency module and how it facilitates
communication between the e500v2 core complex, the L2 cache, and the other blocks that
comprise the coherent memory domain of the MPC8548E.

The ECM provides a mechanism for 1/O-initiated transactions to snoop the core complex bus
(CCB) of the €500v2 corein order to maintain coherency across cacheable local memory. It also
provides aflexible, easily expandable switch-type structure for e500v2- and 1/O-initiated
transactions to be routed (dispatched) to target modules on the MPC8548E.

Chapter 9, “DDR Memory Controller,” describes the DDR/DDR2 SDRAM memory controller of
the MPC8548E. 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 MPC8548E. The PIC isan OpenPl C-compliant interrupt control ler
that providesinterrupt management and isresponsiblefor receiving hardware-generated interrupts
from different sources (both internal and external), prioritizing them and delivering them to the
CPU for servicing.

Chapter 11, “12C Interfaces,” describestheinter-IC (lCorl 2C) bus controllers of the MPC8548E.
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
MPC8548E powers up in boot sequencer mode which allows the 12C1 controller to initialize
configuration registers.

Chapter 12, “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 13, “Local BusController,” describesthelocal bus controller of the MPC8548E. 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 isresponsible
for controlling eight memory banks shared by a high performance SDRAM machine, a

genera -purpose chip-select machine (GPCM), and up to three user-programmable machines
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(UPMs). As such, it supports aminimal glue logic interface to synchronous DRAM (SDRAM),
SRAM, EPROM, Flash EPROM, burstable RAM, regular DRAM devices, extended data output
DRAM devices, and other peripherals.

Chapter 14, “Enhanced Three-Speed Ethernet Controllers,” describes the four enhanced
three-speed Ethernet controllers on the MPC8548E. These controllers provide 10/100/1Gb
Ethernet support with a compl ete set of media-independent interface optionsincluding MI1, RMII,
GMII, RGMII, TBI, and RTBI. Each controller provides very high throughput using a captive
DMA channel and direct connection to the MPC8548E memory coherency module. The
controllers provide four full-duplex FIFO interface modes and quality of service support. They are
backward compatible with PowerQUICC |11 TSEC controllers.

Chapter 15, “DMA Controller,” describesthe four-channel general-purpose DMA controller of the
MPC8548E. The DMA controller transfers blocks of dataindependent of the e€500v2 core or
external hosts. Datamovement occurs among 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.

Chapter 16, “PCI/PCI-X Bus Interface,” describes the PCI controller of the MPC8548E.
Chapter 17, “ Serial RapidlO Interface,” describes the serial Rapidl O interface of the MPC8548E.

Chapter 18, “PCI Express Interface Controller,” describes the PCI-Expressimplementation of the
MPC8548E.

Chapter 19, “ Security Engine (SEC) 2.1,” describes the security controller of the MPC8548E.

Part IV, “Global Functions and Debug,” defines other global blocks of the MPC8548E. The following
chapters are included:

Chapter 20, “Global Utilities,” definesthe global utilities of the MPC8548E. 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 21, “Device Performance Monitor,” describes the performance monitor of the

MPCB8548E. Note that the MPC8548E performance monitor is similar to but separate from the
performance monitor implemented on the e500v2 core.

Chapter 22, “Debug Features and Watchpoint Facility,” describes the debug features and
watchpoint monitor of the MPC8548E.

Thismanual contains appendixes describing the other members of the M PC8548E family and an appendix
containing the manual’s revision history. These appendixes are as follows:

Appendix A, “MPC8547E,” contains the text of the product brief of this derivative of the
MPC8548E.

Appendix B, “MPC8545E,” contains the text of the product brief of this derivative of the
MPC8548E.

Appendix C, “MPC8543E,” contains the text of the product brief of this derivative of the
MPC8548E.

Appendix D, “Revision History,” liststhe major differences between revisions of the MPC8548E
Power QUICC |11 Integrated Processor Family Reference Manual.

This reference manual also includes a glossary, a register index and a general index.
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Suggested Reading

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

General Information

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

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

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

Freescal 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:

EREF: A Reference for Freescale Book E and the €500 Core (Freescale order no. EREF)—This
book, sometimes refered to simply as EREF, provides a higher-level view of the programming
model asit is defined by Book E, the Freescale Book E implementation standards, and the e500
Mi Croprocessor.

PowerPC™ €500 Core Family Reference Manual (Freescale order no. ES00CORERM)—This
book provides in-depth coverage of the €500 embedded microprocessor core for hardware and
software developers.

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

Addendalerratato reference or user’s manual s—Because some processors have follow-on parts an
addendum is provided that describes the additional features and functionality changes. These
addenda are intended for use with the corresponding 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.
Thisdocument isroughly equivalent to the overview (Chapter 1) of animplementation’sreference
or user’'s manual.

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.
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Conventions

This document uses the following notational conventions:

cleared/set

mnemonics
italics

0x0

Ob0

rA,rB

rb
REG[FIELD]

l -5 X

Ro

R|FIELDNAME

W|FIELDNAME

When a bit 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 alphanumeric 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
CcCB Core complex bus

CCSR Configuration control and status register

CEPT Conférence des administrations européenes des postes et télécommunications (European Conference
of Postal and Telecommunications Administrations)

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
FEC 10/100 fast Ethernet controller
GClI 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
PIC Programmable interrupt controller
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
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
USB Universal serial bus
UTP Unshielded twisted pair
VA Virtual address
ZBT Zero bus turnaround
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Part |
Overview

Part | describes the many features of the MPC8548E 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 MPC8548E
integrated host processor. It describes the MPC8548E, its interfaces, and programming model. The
functional operation of the MPC8548E, with emphasis on periphera functions, is also described.

Chapter 2, “Memory Map,” describesthe MPC8548E memory map. An overview of thelocal addressmap
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 MPC8548E.
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Chapter 1
Overview

The MPCB8548E integrates an e500v2 processor core built on Power Architecture™ technology with
system logic required for networking, telecommunications, and wireless infrastructure applications. The
MPCB8548E is a member of the PowerQUICC™ [11 family of devices that combine system-level support
for industry-standard interfaces with processors that implement the embedded category of the Power
Architecturetechnology. This chapter providesahigh-level description of featuresand functionality of the
MPCB8548E integrated processor.

Although this chapter is written from the perspective of the MPC8548E, most of the material appliesto
the MPC8547E, MPC8545E, and M PC8543E aswell. For information on differences between these parts
and the MPC8548E, see Appendix A, “MPC8547E,” Appendix B, “MPC8545E,” and Appendix C,
“MPC8543E.”

1.1 Introduction

The MPCB8548E uses the €500 core and high-speed interconnect technology to balance processor
performance with 1/0 system throughput. The €500 core implements the Power Architecture™ definition
of the embedded category instruction set architecture and provides unprecedented levels of hardware and
software debugging support.

In addition, the M PC8548E offers a double-precision floating-point auxiliary processing unit (APU),
512 Kbytes of level-2 cache, four integrated 10/100/1Gb enhanced three-speed Ethernet controllers
(eTSECs) with TCP/IP acceleration and classification capabilities, aDDR/DDR2 SDRAM memory
controller, two PCI/PCI-X controllersthat can serve as asingle 64-bit PCI/PCI-X controller or two 32-bit
controllers, a programmable interrupt controller, two 1°C controllers, afour-channel DMA controller, an
integrated security engine with XOR accel eration, a general-purpose I/O port, and dual universal
asynchronous receiver/transmitters (DUART). For high speed interconnect, the MPC8548E provides a set
of multiplexed pins that support two high-speed interface standards: 1x/4x serial RapidlO (with message
unit) and up to x8 PCI Express. Thehighlevel of integrationinthe M PC8548E helps simplify board design
and offers significant bandwidth and performance.

The MPCB8548E is al so avail able without asecurity engine, in aconfiguration known asthe MPC8548. All
specifications other than those relating to security apply to the MPC8548 exactly as described in this
document.

MPC8548E PowerQUICC Il Integrated Processor Family Reference Manual, Rev. 2

Freescale Semiconductor 1-1



Overview

1.2 MPCBS8548E Overview

Thissection providesahigh-level overview of MPC8548E features. Figure 1-1 showsthe major functional
units within the MPC8548E.

DDR DDR/DDR2/ o Security
SDRAM Memory Controller Engine
Flash XOR 512-Kbyte
SDRAM<—>{ Local Bus Controller |(«——> Engi L2 Cache/
gine
GPIO SRAM
IRQs Programmable Interrupt | 500 Core
Controller (PIC) = €500 A
<> Coherency |= / »|[32-Kbyte L1{ | 32-Kbyte
Serial <—> DUART - > Module | Core Complex || Instruction | | L1 Data
Bus Cache Cache
2
|2C <> I°C <>
Controller . .
> Serial RapidlO
°C <> C <> or :
"c Controller N > 4x RapidlO
ontrofle PCI Express <—>x8 PCI Express
MIl, GMII, TBI, eTSEC OceaN
RTBI, RGMIl, <—> < > i
ol 10/100/1Gb Switch
Fabric . PCI 32-bit
MII, GMII, TBI, eTSEC -—> _____| 32-bit PCI Bus Interface ~— 66 MHz
RTBI, RGMII, <—> < > N (If 64-bit not used)
aMil 10/100/1Gb ) C
32-bit PCI/
MIl, GMII, TBI, eTSEC L . PCI/PCI-X
RTBI, RGMII, <—> < > <—>| 64bItPCUPCIX  1=<=y33
10/100/1Gb Bus Interface
RMII
RTBI, RGMII eTSEC o 4-Channel DMA
RMII 10100/1Gb | g ) Controller

Figure 1-1. MPC8548E Block Diagram

1.2.1 Key Features

The following list provides an overview of the MPC8548E feature set:

» High-performance 32-bit enhanced €500 corethat implementsthe embedded category of the Power
Architecture technology

— 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) APU (auxiliary processing unit). Provides an extensive
instruction set for vector (64-bit) integer and fractional operations. These instructions use both
the upper and lower words of the 64-bit GPRs as they are defined by the SPE APU.

— Double-precision floating-point APU. Provides an instruction set for doubl e-precision (64-bit)
floating-point instructions that use the 64-bit GPRs.

— Embedded vector and scalar single-precision floating-point APUs. Provide an instruction set
for single-precision (32-bit) floating-point instructions.
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— 36-bit real addressing (up to 64 Gbytes of memory)

— Memory management unit (MMU). Especially designed for embedded applications. Supports
4-K byte—4-Gbyte page sizes.

— Enhanced hardware and software debug support

— Performance monitor facility that issimilar to, but separate from, the MPC8548E performance
monitor

The €500 defines features that are not implemented on the MPC8548E. It also generally defines
some features that the M PC8548E implements more specifically. An understanding of these
differences can be critical to ensure proper operations.

Section 1.3.1, “e500 Core Overview,” includes a comprehensive list of €500 core features.
* 512-Kbyte L2 cache/SRAM
— Flexible configuration. See Section 1.3.2, “On-Chip Memory Unit,” for more information.
— 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 data to 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/PCI-X and PCI Express
— Four inbound windows plus a default window on Rapidl O
— Four outbound windows plus default trand ation for PCI/PCI-X and PCl Express

— Eight outbound windows plus default trandation for RapidlO with segmentation and
sub-segmentation support

+ 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
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DRAM chip configurations from 64 Mbits to 4 Gbits with x8/x16/x32 data ports
Full 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

Read-modify-write support for Rapidl O atomic increment, decrement, set, and clear
transactions

Sleep mode support for self-refresh SDRAM

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.
Supports 16 programmable interrupt and processor task priority levels
Supports 12 discrete external interrupts

Supports 4 message interrupts with 32-bit messages

Supports shared message signaled interrupts

Supports 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

Supports 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 IPSec,
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
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— 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
— AFEU—ARC four execution unit
— Implements a stream cipher compatible with the RC4 agorithm
— 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 12C 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
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* 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-bit 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)
» Four enhanced three-speed Ethernet controllers (eTSECS)
— Backward compatible with MPC8540/M PC8560 (PowerQUICC 111) TSEC
— Three-speed support (10/200/1000 M bps)
— Four IEEE 802.3, 802.3u, 802.3x, 802.3z, 802.3ac, 802.3ab compliant controllers
— Support for four full-duplex FIFO interface modes
— Support for various Ethernet physical interfaces:
— 1000 Mbps full-duplex IEEE 802.3 GMII, IEEE 802.3z TBI, RTBI, and RGMI|
— 10/100 Mbps full and half-duplex |EEE 802.3 MII, IEEE 802.3 RGMII, and RMI

— Flexible configuration for multiple PHY interface configurations. See Section 1.3.13,
“Enhanced Three-Speed Ethernet Controllers (€TSECS),” 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
— Quality 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
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— 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
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
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Two PCI/PCI-X controllers

PCI 2.2 and PCI-X 1.0 compatible

One 32-/64-hit PCI/PCI-X port with support for speeds of up to 133 MHz (maximum PCI-X
gpeed is 110 MHz when operated in synchronous mode)

Second 32-bit PCI port with support for speeds from 16 to 66 MHz (available when the first
port isin 32-bit mode)

Host and agent mode support

64-bit dual address cycle (DAC) support

PCI-X supports multiple split transactions

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

Serial Rapidl O interface unit

Supports Rapidl O Interconnect Specification, Revision 1.2

Both 1x and 4x LP-serid link interfaces

Long- and short-haul electricals with selectable pre-compensation

Transmission rates of 1.25, 2.5, and 3.125 Gbaud (datarates of 1.0, 2.0, and 2.5 Gbps) per lane
Auto detection of 1x- and 4x-mode operation during port initialization

Link initialization and synchronization

Large and small size transport information field support selectable at initialization time
34-bit addressing

Up to 256 bytes data payload

All transaction flows and priorities

Atomic set/clr/inc/dec for read-modify-write operations

Generation of I0_READ_HOME and FLUSH with data for accessing cache-coherent data at
aremote memory system

Receiver-controlled flow control

Error detection, recovery, and time-out for packets and control symbols as required by the
Rapidl O specification

Register and register bit extensions as described in part VI11 (Error Management) of the
specification

Hardware recovery only

Register support is not required for software-mediated error recovery.

Accept-all mode of operation for fail-over support

Support for Rapidl O error injection
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— Internal LP-serial and application interface-level loopback modes
— Memory and PHY BIST for at-speed production test
* RapidlO—compliant message unit
— 4 Kbytes of payload per message
— Up to sixteen 256-byte segments per message
— Two inbound data message structures within the inbox
— Capable of receiving three letters at any mailbox
— Two outbound data message structures within the outbox
— Capable of sending three letters simultaneously
— Single segment multicast to up to 32 deviDs
— Chaining and direct modes in the outbox
— Single inbound doorbell message structure
— Facility to accept port-write messages
» PCl Expressinterface
— PCI Express 1.0a compatible
— Supports x8, x4, x2, and x1 link widths
— 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
— Full 64-bit decode with 36-bit wide windows
» Pin multiplexing for the high speed 1/0 interfaces supports one of the following configurations:
— X8 PCI Express
— x4 PCI Express and 4x serial RapidlO
*  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
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*  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 MPC8548E Architecture Overview

The following sections describe the major functional units of the MPC8548E.

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

* EREF: A Reference for Freescale Book E and the €500 Core (Freescale order no. EREF)

* PowerPC™ €500 Core Family Reference Manual (Freescale order no. ESO0CORERM)

*  PowerPC™ e500 Application Binary Interface User's Guide (Freescale order no. ES00ABIUG)

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 e500 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.
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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 offers alibcfsl_e500 library that uses SPE APU instructions.
Freescale will also provide libraries to 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
»  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
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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 also executes the lower half of 64-bit SPE APU
instructions.

— Single-cycle integer add and subtract

— Single-cyclelogical operations

— Single-cycle shift and rotate

— 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
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— 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 (IVORs) 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
— 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
— Software reload 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 seep core
output signals to initiate power-saving modes at the integrated device level.
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o Testability
— LSSD scan design
— JTAG interface
— ESP support
1.3.2 On-Chip Memory Unit

The MPCB8548E contains an internal 512-Kbyte memory array that can be configured as memory-mapped
SRAM or asalook-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 the MPC8548E system logic.

The on-chip memory unit contains:
* 512 Kbytes of on-chip memory

L2 cache partitioning is configurable; see Table 1-1 for detailed information.

— Can act asa512-Kbyte L2 cache
— 512-Kbyte array organized as 2048 eight-way sets of 32-byte cache lines

— Array can be partitioned into either L2 cache or memory mapped SRAM onal-, 2-, 4-, or
8-way basis

— Stashing of I/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-bit boundaries (single-error correction, double-error detection)

Tag parity (1 bit covering all tag bits)

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

External masters can force data to be allocated 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

Locks for the entire cache may be set and cleared by accesses to memory-mapped control
registers.
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Table 1-1 lists the possible L2 cache/SRAM configurations.
Table 1-1. Available L2 Cache/SRAM Configurations

Cache Stash-only Region SRAM Region 1 SRAM Region 2
512 Kbytes — — —
448 Kbytes — 64 Kbytes —

64 Kbytes — —

384 Kbytes — 128 Kbytes —
64 Kbytes 64 Kbytes

64 Kbytes 64 Kbytes —

128 Kbytes — —

320 Kbytes 64 Kbytes 128 Kbytes —
64 Kbytes 64 Kbytes

128 Kbytes 64 Kbytes —

256 Kbytes — 256 Kbytes —
128 Kbytes 128 Kbytes

128 Kbytes 128 Kbytes —
64 Kbytes 64 Kbytes

256 Kbytes — —

192 Kbytes 64 Kbytes 256 Kbytes —
128 Kbytes 128 Kbytes

256 Kbytes 64 Kbytes —

128 Kbytes 128 Kbytes 256 Kbytes —
128 Kbytes 128 Kbytes

256 Kbytes 128 Kbytes —
64 Kbytes 64 Kbytes

— — 512 Kbytes —
256 Kbytes 256 Kbytes

256 Kbytes 256 Kbytes —
128 Kbytes 128 Kbytes

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 512-Kbyte data array, an address tag array, and a status array.

The data array is organized as 2048 sets of eight cache lines. Each cache line size is 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.
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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 bits result 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
e |L—Instruction locked
e 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.

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 all 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 e500 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 MPCB8548E 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 MPCB8548E supports avariety of SDRAM configurations. SDRAM banks can be built usng 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 MPC8548E 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.
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The M PC8548E 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 DDR?2) 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 MPCB8548E supports error checking and correction (ECC) for system memory. Using ECC, the
MPCB8548E detects and corrects all single-bit errors and detects all double-bit errorsand all errorswithin
anibble.

The MPCB8548E 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 MPCB8548E offers the following options to support battery-backed main memory:
» Hardware based

An external voltage sense device is connected to the MPC8548E viaan interrupt line. The external
interrupt from this device is steered through the MPC8548E 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.

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 MPC8548E interrupt controller unit supportsits
processor core and provides for 12 external 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 MPCB8548E supports reception of interrupt messages from the PCI Expressinterface. The PIC
supports INTx and message signaled interrupts (MSl) from the PCI Express interface. Four INTX
interrupts are presented as independent PIC interrupt sources. There are 256 individual M Sl 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 a vector, 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
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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 MPC8548E.

1.3.8 Integrated Security Engine (SEC) for the MPC8548E

NOTE

The features described in this section are only available on the M PC8548E.
The MPC8548 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 MPC8548E is
specifically capable of performing single-pass security cryptographic processing for SSL 3.0, SSL
3.UTLS 1.0, IPSec, SRTP, and 802.11i.

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.
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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.
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The SEC aso offers acceleration of the exclusive OR (XOR) operation used to generate parity datain
RAID applications. XOR operations use SEC descriptors and offload both parity generation and data
movement from the e500 core.

1.3.9  I12C Controllers

The MPC8548E 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 MPC8548E 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.

1.3.10 Boot Sequencer

The MPC8548E provides a boot sequencer that uses the 1%C interface to access an external serial ROM
and loads the data into the MPC8548E configuration registers. The boot sequencer is enabled by a

configuration pin sampled at the negation of the MPC8548E hardware reset signal. If enabled, the boot
sequencer holds the MPC8548E 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 MPCB8548E includes aDUART intended for use in maintenance, bringing-up, and debugging of
systems. The MPC8548E 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 MPC8548E 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 MPCB8548E local 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
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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 ssmple 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
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 MPCB8548E has four 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
networkswith MII, RMII, GMII, RGMII, TBI, and RTBI physical interfaces. The eTSECs include
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 MPCB8548E eTSECs support programmable CRC generation and checking, RMON tatistics, 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 eTSEC 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
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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 synchronously, at up to 200 MHz, 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.

The FIFO interface supports 8- and 16-bit modes subject to pin-multiplexing limitations. It sharesthe same
pins used for supporting the selectable M11, GMII, RMII (on eTSEC 1-3), RGMII, RTBI, and TBI
interface protocols. As aresult, use of some FIFO modes can limit the number of eTSECs that can be
operating.

NOTE

While some of the Ethernet interfaces support either 2.5- or 3.3-V operation,
the voltages of eTSEC1 and eTSEC2 must be the same. Likewise, the
voltages of eTSEC3 and eTSEC4 must match.

Table 1-2 lists available configurations for eTSECs 1 and 2.
Table 1-2. Supported eTSEC1 and eTSEC2 Configurations1

Mode Option eTSECH1 eTSEC2
Ethernet standard interfaces TBI, GMII, or Ml TBI, GMII, or MII
Ethernet reduced interfaces RTBI, RGMII, or RMII RTBI, RGMII, or RMII
FIFO and mixed interfaces 8-bit FIFO RTBI, RGMII, RMII, or

8-bit FIFO
TBI, GMII, MIl, RTBI, RGMII, 8-bit FIFO
RMII, or 8-bit FIFO
16-bit FIFO Not used/not available

' Both interfaces must use the same voltage.
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Table 1-3 lists the available configurations for eTSECs 3 and 4.
Table 1-3. Supported eTSEC3 and eTSEC4 Configurations1

Mode Option eTSEC3 eTSEC4
Ethernet standard interfaces TBI, GMII, or Ml Not used/not available
Ethernet reduced interfaces RTBI, RGMII, or RMII RTBI, RGMII, or RMII
FIFO interface 8-bit FIFO Not used/not available

' Both interfaces must use the same voltage.

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 MPC8548E 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.

DMA descriptors encompass a rich set of attributes that allow DMA transfersto bypass outbound address
translation and supply external addresses and attributes directly to the Rapidl O port. Local attributes such
as snoop and L 2 write stashing can be specified by descriptors.

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/PCI-X Controllers

The MPCB8548E has a64-bit PCI/PCI-X controller and asecond 32-bit PCI controller. Both are compatible
with the PCI Local Bus Specification, Revision 2.2. The PCI-X interface is compatible with the PCI-X
Addendum, Revision 1.0. Each controller can function as host or agent bridgeinterface in either PCl mode.
Dueto pin multiplexing limitations, the PCI/PCI-X controller can operate in 64-bit mode or both interfaces
can operate simultaneoudly in 32-bit mode. Both interfaces support 32- and 64-bit addressing.

Asamaster, the MPC8548E supports read and write operations to PCI memory space, PCI 1/0 space, and
PCI configuration space. The MPC8548E can also generate PCl specia-cycle and interrupt-acknowledge
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commands. As atarget, the MPC8548E supports read and write operations to system memory as well as
configuration accesses.

The PCI-X functionality includes split transaction support for four outstanding split transactions. Split
response data is returned in order without interleaving. As atarget, the MPC8548E supports all PCI-X
sizes. Asamaster it will internally combine transactions up to 256 bytes.

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

Each interface can be clocked asynchronously from the other. The second PCI interface is available when
serial RapidlO is not used.

1.3.17 High Speed /O Interfaces

The MPCB8548E supportstwo high-speed 1/0 interface standards: serial RapidlO and PCI Express. Dueto
pin multiplexing, one of the following configurations must be selected at power-on reset:

* Single x8 PCI Express

» Single x4/x2/x1 PCI Express and single 4x/1x serial RapidlO

1.3.18 Serial RapidlO Interface

The serial Rapidl O interfaceis based on the Rapidl O Interconnect Specification, Revision 1.2. RapidlO is
ahigh-performance, point-to-point, low-pin-count, packet-switched system-level interconnect that can be
used in avariety of applications as an open standard. The Rapidl O architecture provides arich variety of
features including high data bandwidth, low-latency capability, and support for high-performance 1/0
devices, as well as providing message-passing and software-managed programming models.

The Rapidl O unit supportsthe I/O and message-passing logical specifications, both 8- and 16-bit common
transport specifications, and the 1x/4x LP-Serial physical layer specification of the Rapidl O Interconnect
Specification, Revision 1.2. It does not support the globally shared memory logical specification.

Highlights of the implementation include: four priority levels and ordering within a priority level, CRC
error management, and 32- to 256-byte transactions.

The physical layer of the Rapidl O unit can operate at 1.25-, 2.5-, and 3.125-Gbaud data rates over four
lanes. The theoretical unidirectional peak bandwidth is 10 Gbps. Receive and transmit ports operate
independently, resulting in an aggregate theoretical bandwidth of 20 Gbps.

The serial Rapidl O interface is available when the second PCI interfaceis not used.

1.3.19 RapidlO Message Unit

The RapidlO messaging unit supports two inbox/outbox mailboxes (queues) for data and one doorbell
message structure. Both chaining and direct modes are provided for the outbox, and messages can hold up
to 16 packets of 256 bytes, or atotal of 4 Kbytes.

The message unit supports up to three outstanding letters from one or more of the four mailboxes. The
message unit will pipeline letters to improve messaging performance.
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The message unit also supports the ability to multicast a single-segment 256-byte message to up to 32
different destination DevIDs.

1.3.20 PCI Express Interface

The MPCB8548E 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 x8, x4, x2, and x1 lane widthswith each lane running at the specified data rate
of 2.5 Gbaud.

The interface supports virtual channel 0 (VCO0) and traffic class 0 (TCO) only.

Inbound INTX transactions are supported and change the state of one of four level-sensitive interrupts
presented to the PIC. Outbound INTXx 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 interrupt sources to be controlled within the PIC. Outbound
MSI transactions are created by software using the MSI 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.

1.3.21 Power Management

In addition to low-voltage operation and dynamic power management in its execution units, the
MPCB8548E 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 MPC8548E 1/0O interfaces aswell. Only
the interrupt controller and power management logic remain enabled so that the device can be awakened.
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1.3.22 Clocking

The MPCB8548E 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 is used 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).

1.3.23 Address Map

The MPCB8548E 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 MPC8548E 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 trandation
windows are provided. The ATMUs allows the MPC8548E to be part of larger address maps such as the
PCI or PCI Express 64-bit address environment and the Rapidl O environment.

1.3.24 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 MPC8548E. 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 thedestination port connects off chip (for example, to a PCl or Rapidl O device), thelocal device
addressis trandated by the destination port ATMU to an outbound address with respect to the
destination port’s memory map, and the data is processed accordingly.

®
® ®

_I_l> ATMU :> >< :> ATMU ::>

Figure 1-3. Processing Transactions Across the On-Chip Fabric
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1.3.25 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 MPCB8548E Application Examples

Thefollowing section provides block diagrams of different M PC8548E applications. The MPC8548E isa
very flexible device and can be configured to meet many system application needs. In order to build a
system, many factors should be considered.

1.4.1 MPC8548E Applications

The MPCB8548E can be used for control processing in applications such as routers, switches, internet
access devices, firewall and other packet filtering processors, network attached storage, storage area
networks, imaging, and general-purpose embedded computing.

Figure 1-4 illustrates the MPC8548E in a virtua private network (VPN) access router that is enabled
through PCI Express and Ethernet.

MPC8548E
Processor 512-K L2
Core Memory
Complex Block
Data In Data In
PC'HEi;‘EfGSS > [ Rapidl0  4xeTSEC| |« {01100/1G
Bandwidth | Data Out PCI Memory Data Out  Einernet
Aggregators [ Control -
Security |
DDR
Memory

Figure 1-4. VPN Access Router Enabled by PCI Express and Ethernet

MPC8548E PowerQUICC Il Integrated Processor Family Reference Manual, Rev. 2

1-26 Freescale Semiconductor



Overview

Figure 1-5 shows an MPCB8548E as a control plane processor in a high-performance communication
system using distributed computing.
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Figure 1-5. High-Performance Communication System Using Distributed Processing

Figure 1-6 shows the MPCB8548E as part of a high-end network card used in asystem areanetwork that is
enabled by PCI Express.
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