Updates to MPC8536E Reference Manual, Rev. 1, as of 08/07/2015

This section provides updates to the MPC8536E Reference Manual, Rev. 1. We are providing known
corrections, but do not guarantee that the list is exhaustive. For convenience, the section number and page
number of the item in the reference manual are provided.

Note: This PDF file contains updates embedded as inline sticky notes; use the provided links and scroll to the inline location.
Future versions of the document will incorporate the sticky notes into the source text of the document. Freescale
recommends viewing this file with Adobe Acrobat Reader.

Section, Page No. Changes

14.5.2, 14-16 In Table 14-4, “Module Memory Map,” updated the reset values for both
eTSEC ID1 (was 0x0124 0000, now 0x0124 0106) and eTSEC ID2 (was
0x0030_00FO0, now 0x00F8_00FO0).
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About This Book

This reference manual defines the functionality of the MPC8536E. This device integrates a PowerPC™
processor core with system logic required for networking, telecommunications, and wirelessinfrastructure
applications. The e500v2 processor coreis a low-power implementation of the family of reduced
instruction set computing (RISC) embedded processors that implement the Book E definition of the
PowerPC architecture. This book isintended as a companion to the Power PC €500 Core Complex
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 a summary and a brief description of the major parts of this reference manual:

Part 1, “ Overview,” describesthe many features of the MPC8536E 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
MPCB8536E integrated host processor. It describes the MPC8536E, its interfaces, and its
programming model. The functional operation of the MPC8536E with emphasis on peripheral
functionsis also described.

» Chapter 2, “Memory Map,” describes the memory map of the MPC8536E. 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
MPCB8536E.

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1

Freescale Semiconductor cix



Part 11, “e500 Core Complex and L2 Cache,” describes the integration of the e500v2 core in the
MPCB8536E and the interaction between the core complex and the L2 cache. The following chapters are
included:

» Chapter 5, “e500 CoreIntegration Details,” provides an overview of the e500v2 core processor and
how it is implemented in the MPC8536E.

» Chapter 6, “L2 Look-Aside Cache/SRAM,” describes the L2 cache of the MPC8536E. Note that
the L2 cache can also be addressed directly as memory-mapped SRAM.

Part 111, “Memory, Security, and 1/O Interfaces,” defines the memory, security, and 1/O interfaces of the
MPCB8536E and how these blocks interact with one another and with other blocks on the device. The
following chapters are included:

» Chapter 7, “€500 Coherency Module,” definesthe e€500v2 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 MPC8536E.

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 M PC8536E.

* Chapter 8, “DDR Memory Controller,” describes the two DDR2/DDR3 SDRAM memory
controllers of the MPC8536E. These fully programmabl e controllers support 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 ssmplify memory system design. A large set of
special features like crawl mode and ECC error injection support rapid system debug.

» Chapter 9, “Programmable Interrupt Controller (PIC),” describes the embedded programmable
interrupt controller (PIC) of the MPC8536E. 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 10, “ Security Engine (SEC) 3.0,” describes the security controller of the MPC8536E. The
SEC 3.0 off-loads computationally intensive security functions, such as key generation and
exchange, authentication, and bulk encryption from the processor cores of the MPC8536E. It is
optimized to process all cryptographic algorithms associated with 1Psec, IKE, SSL/TLS, iSCSI,
SRTP, 802.11i, 3G, A5/3 for GSM and EDGE, and GEA3 for GPRS.

« Chapter 11, “I1°C Interfaces,” describestheinter-1C (lCorl 2C) bus controllers of the M PC8536E.
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
MPC8536E 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.
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» Chapter 13, “Enhanced Local Bus Controller,” describesthe enhanced local bus controller (eLBC)
of the MPCB8536E. The main component of the enhanced local bus controller isits memory
controller which provides a seamless interface to many types of memory devices and peripherals.
The memory controller is responsible for controlling eight memory banks shared by a
general-purpose chip-select machine (GPCM), a NAND flash control machine (FCM), and up to
three user-programmable machines (UPMs). Assuch, it supportsaminimal gluelogic interfaceto
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 two enhanced
three-speed Ethernet controllers on the MPC8536E. These controllers provide 10/100/1Gb
Ethernet support with a compl ete set of media-independent interface optionsincluding MIl, RMII,
GMII, RGMII, TBI, and RTBI. Each controller provides very high throughput using a captive
DMA channel and direct connection to the MPC8536E 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 15, “DMA Controller,” describesthe four-channel general-purpose DMA controller of the
MPCB8536E. 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.

» Chapter 16, “PCI Bus Interface,” describes the PCI interface, which complies with the PCI Local
Bus Specification, Rev. 2.3. This chapter provides a basic description of PCI bus operations. The
specific emphasisis directed at how this device implements the PCI specification.

» Chapter 17, “PCIl Express Interface Controller,” describes the three PCI Express® controllers of
the MPC8536E. Each controller is compliant with the PCI Express Base Specification Revision
1.0a. The physical layer of these controllers operate at 2.5 Gbaud per lane. Configuration options
allow multiple width configurations among the three controllers.

» Chapter 18, “Enhanced Serial Periphera Interface,” describes the MPC8536E enhanced serial
peripheral interface (SPI) that allows the exchange of data between MPC85xx family devices. The
SPI can also be used to communi cate with peripheral devices such as EEPROMS, real-time clocks,
A/D converters, and ISDN devices.

» Chapter 19, “SATA Controller,” describes the serial ATA controllers of the MPC8536E.

» Chapter 20, “Enhanced Secure Digital Host Controller,” describes the enhanced SD host
controller, which provides an interface between the host system and SD and MMC cards. It
provides a functional description of the major system blocks and includes command information
for the host.

» Chapter 21, “Universal Serial Bus Interfaces,” describes the three universal serial bus (USB)
interfaces. The USB moduleis a USB 2.0-compliant serial interface engine for implementing a
USB interface. The registers and data structures are based on the Enhanced Host Controller
Interface Specification for Universal Serial Bus (EHCI) from Intel Corporation. The USB
dual-role modules can act as a host or as a device on the USB bus.

» Chapter 22, “General Purposel/O (GPIO),” describesthe general-purpose input and output signals
of the MPPC8536E.
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Part 1V, “Global Functions and Debug,” defines other global blocks of the MPC8536E. The following
chapters are included:

» Chapter 23, “Global Utilities,” definesthe global utilities of the MPC8536E. 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 24, “Device Performance Monitor,” describes the performance monitor of the
MPCB8536E. Note that the MPC8536E performance monitor is similar to but separate from the
performance monitor implemented on the e500v2 core.

» Chapter 25, “Debug Features and Watchpoint Facility,” describes the debug features and
watchpoint monitor of the MPC8536E.
This reference manual also contains the following appendices:

» Appendix A, “Complete List of Configuration, Control, and Status Registers,” lists all
memory-mapped registers by block.

» Appendix B, “Revision History,” contains alist of major differences since the last revision of the
document.

* Appendix C, “MPC8535E,” details differences between the MPC8536E and M PC8535E devices.

It also contains a glossary and an index.

Suggested Reading

This section lists additional 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.
» 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

Freescade 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 (EREF)—This book provides a
higher-level view of the programming model asit is defined by Book E, the Freescale Book E
implementation standards, and the €500 microprocessor.
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PowerPC™ €500 Core Family Reference Manual (ESO00CORERM )—Thisbook provides detailed
information about the functions and features of the 500 v1 and v2 cores.

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, aswell 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.

Conventions

This document uses the following notational conventions:

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

one, it issaid to be set.

mnemonics I nstruction mnemonics are shown in lowercase bold.

italics

Italics indicate variable command parameters, for example, bectrx.
Book titlesin text are set initalics
Internal signals are set in lowercaseitalics, for example, core_int

0x0 Prefix to denote hexadecimal number

Ob0 Prefix to denote binary number

rA,rB Instruction syntax used to identify a source GPR

rD Instruction syntax used to identify a destination GPR

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

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

X Anitalicized x indicates an al phanumeric variable.

n Anitalicized n indicates a numeric variable.

- NOT logical operator

& AND logical operator

OR logical operator
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FIELDNAME

FIELDNAME

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 always read as zercs.

Signal Conventions

OVERBAR
lowercase_italics Lowercaseitalicsis used to indicate internal signals.
lowercase plaintext  Lowercaseplaintextisused toindicate signalsthat are used for configuration. For

An overbar indicates that asignal is active-low.

more information, see Section 3.2, “Configuration Signals Sampled at Reset.”

Register Access Conventions

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.

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

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
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
BTB Branch target buffer
BUID Bus unit ID
CAM Content-addressable memory
CCB 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
GClI General circuit interface
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
ITLB Instruction translation lookaside buffer
U Integer unit
JTAG Joint Test Action Group
LAE Local access error
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
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
MII 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
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
RMW Read modify write
Rx Receive
RxBD Receive buffer descriptor
SCC Serial communication controller
SCP Serial control port
SDLC Synchronous data link control
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Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
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 MPC8536E 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
MPCB8536E integrated host processor. It describes the MPC8536E, its interfaces, and its
programming model. The functional operation of the MPC8536E with emphasis on peripheral
functionsis also described.

» Chapter 2, “Memory Map,” describes the memory map of the MPC8536E. An overview of the
local address map isfollowed by adescription 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
MPCB8536E.
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Chapter 1
Overview

The MPCB8536E integrates a PowerPC™ processor core with system logic required for imaging,
networking, and communications applications. The MPC8536E is a member of the PowerQUICC [11™
family of devicesthat combine system-level support for industry-standard interfaces with processors that
implement the PowerPC architecture. This chapter provides a high-level description of features and
functionality of the MPC8536E integrated processor.

Although this chapter is written from the perspective of the MPC8536E, most of the material appliesto
the MPCB8535E as well. For information on differences between the M PC8535E and the MPC8536E, see
Appendix C, “MPC8535E.”

1.1 Introduction

The MPCB8536E uses the €500 core and high-speed interconnect technology to balance processor
performance with /O system throughput. The €500 core implements the enhanced Book E instruction set
architecture and provides unprecedented levels of hardware and software debugging support.

In addition, the MPC8536E offers a double-precision floating-point auxiliary processing unit (APU),
512K bytes of level-2 cache, two integrated 10/100/1Gb enhanced three-speed Ethernet controllers
(eTSECs) with TCP/IP acceleration and classification capabilities and SGMI| interface capabilities, a
DDR2/DDR3 SDRAM memory controller, a 32-bit PCI controller, a programmable interrupt controller,
an enhanced serial peripheral interface (eSPl), an enhanced secure digital host controller (eSDHC), three
USB dual-role controllers (host/device), two I°C controllers, afour-channel DMA controller, an enhanced
local bus controller (eLBC), an integrated security engine with XOR acceleration, a genera -purpose 1/0
port, and dual universal asynchronous receiver/transmitters (DUART). For high speed interconnect, the
MPCB8536E provides a set of multiplexed pins that support up to three PCI Express interfaces through a
dedicated SerDes. The high level of integration in the MPC8536E helps ssimplify board design and offers
significant bandwidth and performance.

The MPCB8536E is also avail ablewithout asecurity engine, in aconfiguration known asthe MPC8536. All
specifications other than those relating to security apply to the MPC8536 exactly as described in this
document.
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1.2 MPC8536E Overview

This section provides a high-level overview of MPC8536E. Figure 1-1 shows the major functional units
within the device.

<@
<& €500 Core

S 4
& 512-Kbyte
32-Kbyte  32-Kbyte L2 Cache
MPC8536E D-Cache  I-Cache

!

L

: :
¢

uel el el II- \

2 Lane SERDES

>

8 Lane SERDES

Figure 1-1. MPC8536E Block Diagram

1.2.1 Key Features

Key features of the MPC8536E include:
» High-performance PowerPC e500v2 core with 36-bit physical addressing
» 512-Kbyte L2 cache with ECC
* Low power consumption
* Integrated security engine (SEC) with XOR acceleration
» Advanced power management controller
» Jog mode feature allows core frequency to be adjusted to optimize power consumption
* Three USB dual-role controllers (host/device)

» Twointegrated 10/100/2000 M b enhanced three-speed Ethernet controllers (eTSECs) with TCP/IP
acceleration and classification capabilities. Additional features include

— SGMII (serial GMII) interface support, through the SerDes interface)
— Hardware support for IEEE Std. 1588™ precision time protocol

» Three PCI Express® controllers utilizing the SerDes interface

* Twoserial ATA interfaces

» DDR2/DDR3 SDRAM memory controller

MPC8536E PowerQUICC Il Integrated Processor Reference Manual, Rev. 1
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* Programmable interrupt controller (PIC)

* Enhanced serial peripheral interface (eSPI)

* Enhanced secure digita host controller (eSDHC)

* Four-channel DMA controller

« Two I°C controllers

* DUART

» Enhanced local bus controller (eLBC)

» 16 general-purpose 1/0 signals (independently configurable)
» Package pinout for low-cost PCB

1.3 MPCB8536E Architecture Overview

The following sections describe the major functional units of the MPC8536E.

1.3.1 e500 Core and Memory Unit

The MPCB8536E contains a high-performance 32-bit Book E-enhanced e500v2 core that implements the
PowerPC architecture.
In addition to 36-bit physical addressing, this version of the €500 core includes:

» Double-precision floating-point APU with an instruction set for double-precision (64-bit)
floating-point instructions that use the 64-bit general-purpose registers.

» Embedded vector and scalar single-precision floating-point APUs with an instruction set for
single-precision (32-bit) floating-point instructions.
The MPCB8536E contains a 512-Kbyte L2 cache/SRAM, asfollows:
» Eight-way set-associative cache organization with 32-byte cache lines.
» Per-way allocation of cache region to a given processor.
» Flexible configuration (one, two, four, or eight ways can be configured as SRAM).

» External masterscanforce datato be allocated into the cache through programmed memory ranges
or special transaction types (stashing).

* SRAM:
— 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 uses read-modify-write accesses for smaller-than-cache-line accesses.

1.3.2 €500 Coherency Module (ECM) and Address Map

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.
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The MPCB8536E 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 supported by ten local access windows
that define mapping within the local 36-bit (64-Gbyte) address space.

The MPCB8536E can be made part of alarger system address space through the mapping of trandation
windows. This functionality isincluded in the address trandation and mapping units (ATMUSs). Both
inbound and outbound transl ation windows are provided. The ATM Us allows the MPC8536E to be part of
larger address maps such as the PCI Express 64-bit address environment.

1.3.3 Integrated Security Engine (SEC)

The SEC 3.0 off-loads computationally intensive security functions, such askey generation and exchange,
authentication, and bulk encryption from the processor cores of the MPC8536E. It is optimized to process
all cryptographic algorithms associated with 1Psec, IKE, SSL/TLS, iSCSI, SRTPR, 802.11i, 3G, A5/3 for
GSM and EDGE, and GEA3 for GPRS. The SEC 3.0 derives from integrated security coresin other
members of the PowerQUICC family, including the SEC 2.1 Rev2 in the MPC8548E and the SEC 1.0in
the MPC8272E.

Components of the SEC are as follows:

* XOR enginefor parity checking in RAID storage applications. Also, the exclusive OR (XOR)
operation to generate parity datain RAID applications can be accelerated. XOR operations use
SEC descriptors and offload both parity generation and data movement from the €500 core.

» Four crypto-channels, each supporting multi-command descriptor chains.
» Eight cryptographic execution units:

— Aadvanced Encryption Standard unit (AESU)

— ARC four execution unit (AFEU)

— Cyclic redundancy check accelerator (CRCA)

— Data Encryption Standard execution unit (DEU)

— Kasumi execution unit (KEU)

— Message digest execution unit (MDEU)

— Public key execution unit (PKEU)

— Random number generator (RNGB)

1.3.4 High-Speed Interface Blocks (SerDes)

The MPC8536E offers two high-speed SerDesinterface blocks. These blocks are connected to the SGMI I,
PCI Express, and SATA interfaces as described in this section.
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1.3.4.1 Eight-Lane SerDes

The eight-lane SerDes allows use of the three PCI Express controllers. One of the configurationsin
Table 1-1 can be selected during power-on reset as described in Section 4.4.3.8, “ SerDesl 1/0 Port
Selection.”

Table 1-1. Supported SerDes 1 (PCI Express) Configurations

PCI Express Signal/Lane

0/A 1/B 2/C 3/ID ‘ 4/E ‘ 5/F ‘ 6/G 7H
PEX1 x8'
PEX1 x4 PEX2 x4
PEX1 x4 PEX2 x2 ‘ PEX3 x2

1 8-Bit PCI Express is only available at platform frequency of 527 MHz or greater.

1.3.4.2 Two-Lane SerDes

The two-lane SerDes allows use of the SATA controllers or of the SGMII interfaces of the eTSEC
controllers (selected at power-on reset). Both lanes must be either SATA or SGMII. See Section 4.4.3.9,
“SerDes2 I/O Port Selection,” for configuration options.

1.3.5 Enhanced Three-Speed Ethernet Controllers (eTSEC)

Two MPC8536E on-chip enhanced three-speed Ethernet controllers (eT SECs) incorporate a media access
control (MAC) sublayer that supports 10 and 100 Mbps and 1 Gbps Ethernet/802.3 networks with Mil,
RMII, GMII, RGMII, TBI, and RTBI physical interfaces aswell as SGMI| interfaces through a dedicated
SerDes. The eTSECs include 2 Kbyte receive and 10 Kbyte transmit FIFOs and DMA functions.

The MPCB8536E eTSECs support programmable CRC generation and checking, RMON statistics, and
jumbo frames of up to 9.6 Kbytes. Frame headers and buffer descriptors (BDs) can be forced into the L2
cache to speed classification or other frame processing. They are designed to comply with |EEE Std.
802.3®, 802.3u®, 802.3x®, 802.3z®, 802.3ac®, 802.3ab®. The BDs are based on the MPC8260 and
MPCB860T 10/100 Ethernet programming models. Each eTSEC provides hardware support for
accelerating TCP/I P packet transmission and reception. By default, TCP/IP accelerationis not enabled and
the eTSEC processes frames as pure Ethernet frames, emulating a PowerQUICC 111 TSEC and allowing
existing driver software to be re-used with minimal change. Key features of these controllersinclude:

» Flexibleconfiguration for multiple PHY interface configurations. The SGMII interfaceisavailable
for any combination of eTSECs, regardless of the configuration of any other eT SEC.

Table 1-2 lists available configurations for eTSEC1 and 3.
Table 1-2. Supported eTSEC1 and eTSEC3 Configurations

Mode Option eTSECH1 eTSEC3

Ethernet standard interfaces TBI, GMII, or Ml TBI, GMII, or MII

Ethernet reduced interfaces RTBI, RGMII, RMII, or SGMII RTBI, RGMII, RMIl or SGMII

FIFO interface 8-bit FIFO 8-bit FIFO

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1
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1.3.6

TCP/IP acceleration and QoS features:

— IPv4 and IP v6 header recognition on receive

— IP v4 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, MPL S stacks,
and ESP/AH IP-security headers

— All FIFO modes

— Transmission from up to eight physical queues

— Reception to up to eight physical queues

Full- and half-duplex Ethernet support (1000 Mbps supports only full duplex): IEEE Sd. 802.3

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

|[EEE Sd. 802.1® virtual local areanetwork (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

Programmable Ethernet preamble insertion and extraction of up to 7 bytes

MAC address recognition

Can force allocation of header information and buffer descriptorsinto L2 cache
Supports |EEE 1588 precision time protocol for network synchronization over Ethernet

Universal Serial Bus (USB) Dual-Role Controllers

The three USB dual-role controllers comply with USB specification revision 2.0.

1.3.6.1 Host Mode Operation

Support operation as stand-alone USB host controllers

— Support USB root hub with one downstream-facing port

— Enhanced host controller interface (EHCI) compatible

Support high-speed (480 Mbps), full-speed (12 Mbps), and low-speed (1.5 Mbps) operations
Support adirect connection to a high-speed device without an external hub

Support external PHY with UTMI+ low-pin interface (ULF!)

1.3.6.2 Device Mode Operation

Support operation as a stand-alone USB device
— Support one upstream facing port
— Support six programmable USB endpoints
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» Support high-speed (480 Mbps) and full-speed (12 Mbps)
» Support external PHY with UTMI+ low-pin interface (ULPI)

1.3.7 DDR SDRAM Controller

The DDR memory controller supports DDR2 and DDR3 SDRAM. The memory interface controls main
memory accesses and provides a maximum of 32 Gbyte of main memory. The MPC8536E also supports
chip-select interleaving and controller interleaving. There is a variety of MPC8536E 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
Ghit, 2 Gbit, and 4 Gbit. Four chip-select signals support up to four banks of memory. Bank sizes range
from 64 Mbyte to 4 Gbyte. Nine column address strobes (Dn_MDM]0:8]) provide byte selection for
memory bank writes. There is cache line and page interleaving between memory controllers.

The MPCB8536E can be configured to retain the currently active SDRAM pagefor pipelined burst accesses.
Page mode support of up to 32 simultaneously open pages can dramatically reduce access latencies for
page hits. Depending on the memory system design and timing parameters, page mode can save 3t0 4
clock cycles for subsequent burst accesses that hit in an active page.

Using ECC, the MPCB8536E detects and corrects all single-bit errors and detects all double-bit errors and
al errorswithin anibble.

The MPCB8536E can invoke alevel of system power management by asserting the Dn_MCKE SDRAM
signal on-the-fly to put the memory into alow-power sleep mode.

The DDR controllers offer both hardware and software options for battery-backed main memory. In
addition, the DDR controllers offer an initialization bypass feature for use by system designersto prevent
re-initialization of main memory during system power-on after an abnormal shutdown.

1.3.8 Power Management Controller

The MPC8536E is designed for low power consumption benefitting equipment manufacturers wishing to
support ENERGY STAR standards. Dynamic power management locally minimizes power consumption
in the doze, nap, or sleep modes. Static power is regulated in the deep sleep mode.

A jog mode feature is provided on the MPC8536E. In jog mode, the €500 core frequency can be adjusted
dynamically whilethe platform frequency remains unchanged, resulting in optimal devicetemperature and
power dissipation.
The power management controller (PMC) isresponsible for maintaining the device in various low power
modes. The PMC has the following features:
* Low standby power
* Jog mode support—Adjusts core frequency to optimize power consumption
» Fast recovery to restored state
»  Support for dynamic and static power management to minimize power consumption of idle blocks:
— Doze, nap, and sleep modes for dynamic power management
— Deep deep mode for static power management

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1
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+ PMCwakeon: LAN activity, USB connection or GPIO, internal timer, or external interrupt event

1.3.9 PCI Express Controller

The MPCB8536E supports a PCI Express interface compliant with the PCI Express Base Specification
Revision 1.0a. Each controller is configurable at boot time to act as either root complex or endpoint.

The physical layer of the PCl Express interface operates at a 2.5-Gbaud data rate (effective rate of 2 Gbps
due to encoding overhead) per lane. Receive and transmit ports operate independently, resulting in an
aggregate theoretical bandwidth of 32 Gbps (x8 link) or 16 Gbps (x4 link).

Other features of the PCl Express interface include:
* X8, x4,x2,and x1link widths supported. x8 PCI Expressisonly available at CCB (platform) speed
of 527 MHz and above.
» Selectable operation as root complex or endpoint
» Both 32- and 64-bit addressing and 256-byte maximum payload size
* Full 64-hit decode with 36-bit wide windows

1.3.10 Programmable Interrupt Controller (PIC)

The MPCB8536E PIC implements the logic and programming structures of the OpenPI C architecture,
providing for external interrupts (with fully nested interrupt delivery), message interrupts, internal-logic
driven interrupts, and global high-resolution timers. Up to 16 programmable interrupt priority levels are
supported.

The PIC can be bypassed to allow use of an external interrupt controller.

1.3.11 Enhanced Secure Digital Host Controller (¢SDHC)

The enhanced secure digital host controller (eSDHC) provides an interface between the host system and

SD/MMC cards. TheeSDHC actsasabridge, passing host bus transactionsto SD/MMC cards by sending
commands and performing data accesses to or from the cards. Under SD protocal, it can be categorized as
amemory card, I/O card, or combo card. The memory card invokes a copyright protection mechanism that
complies with the security of the SDMI standard.

1.3.12 eSPI Interface

The enhanced serial periphera interface (eSPI) allowsthe device to operate as an SPI master to exchange
data between other PowerQUICC family chips, Ethernet PHY s for configuration, and periphera devices
such as EEPROMS, real-time clocks, A/D converters, and ISDN devices.

The eSPI isafull-duplex, synchronous, character-oriented channel that supports a four-wire interface
(receive, transmit, clock, and slave select). The eSPI block consists of transmitter and receiver sections, an
independent baud-rate generator, and a control unit. It has the ability to boot from an SPI serial flash
device.
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The eSPI receiver and transmitter each have a FIFO of 32 bytesto support RapidS™ for Atmel ™ devices.
The eSPI aso supports Winbond™ dual -output read commands; in this mode the eSPI uses two bitsin
parallel for read.

1.3.13 Serial ATA (SATA) Controllers

The SATA controllers have the following features:

Support host SATA | per spec Rev 1.0a
— 00B

— Port multipliers

— ATAPI 6+

— Spread spectrum clocking on receive
Support for SATA Il extensions

— Asynchronous notification

— Hot Plug including asynchronous signal recovery
— Link power management

— Native command queuing

— Staggered spin-up and port multiplier support
Support for SATA | and Il datarates

— 15& 3.0 Gbaud

Standard ATA master-only emulation
Includes ATA shadow registers
Implements SATA superset registers

— SkError, SControl, SStatus

Interrupt driven

Power management support

Error handling and diagnostic features
— Far end/near end |oopback

— Failed CRC error reporting

— Increased ALIGN insertion rates

— Scrambling and CONT override

1.3.14 DMA Controller, IZC, DUART, eLBC

Two integrated four-channel DMA controllers can transfer data between any 1/0O or memory ports or

between two devices or locations on the same port. The DMA controllers can be used as follows:
To chain (both extended and direct) through local memory-mapped chain descriptors.

To handle misaligned transfers, as well as stride transfers and complex transaction chaining.

To specify local attributes such as snoop and L 2 write stashing.
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There are two 1°C controllers. These synchronous, multimaster buses can be connected to additional
devices for expansion and system development.

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

The enhanced local buscontroller (eLBC) port connectsto 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 general-purpose chip select machine (GPCM) controls accessesto
asynchronous devices using asimple handshake protocol. The user-programmable machine (UPM) can be
programmed to interface to synchronous devices or custom ASIC interfaces. Features of the local bus
controller are asfollows:

* Multiplexed 32-bit address and data bus operating at up to 133 MHz

» Eight chip selects for eight external slaves

* Upto eight-beat burst transfers

* 32-, 16-, and 8-hit port sizes controlled by an internal memory controller

» Three protocol engines on a per-chip-select basis

» Parity support

» Default boot ROM chip select with configurable bus width (8, 16, or 32 hits)

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1
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1.4 MPCB8536E Application Examples

141 Multi-Function Printer

Figure 1-2 illustrates how the MPC8536E can be implemented in a high-speed color printer application.
In this application, the CPU interfaces to the print and scan ASIC through the PCI Express interfaces.
Image data from the scanner, fax, or network is processed by CPU and the math accelerators on the
MPCB8536E before being sent to the printer engine. High-speed color processing and concurrency of
application in MFP systems require the higher processor performance and fast data movement provided
by MPCB8536E in order to manipulate large, high-quality images at high speeds. MPC8536E implements
advanced power management methods to minimize the power consumption.

VDD2 IX 64 Local Bus X4 SD Interface
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<—> USB Host

-
-

100/1000
100/1000
Ethernet

Management
Port
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_
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Figure 1-2. Multi-Function Printer Application
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1.4.2 Network Attached Storage

Figure 1-3 illustrates how a network attached storage application can be realized with the MPC8536E. In
this application, the MPC8536E PCI Express can be configured for high-speed, 8 lane configuration,
which can support high data rate RAID interfaces. For network connectivity, dual Gigabit Ethernet
controllers provide high bandwidth to the storage medium. The security engine provides acceleration for
IPSec as well as XOR acceleration for RAID parity calculations, and CRC32C digest calculations for
iISCSI applications. The platform aso supports battery back-up for data protection in the event of power

|oss.

Local Bus ISPI

vDD2

-

PWR_EN

ULPI
PHY

1X64 +ECC

<
<

100/1000 ;
100/1000

XOR
Accelerator

<—> USB Device

Figure 1-3. Network Attached Storage Application
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1.4.3 Gaming Kiosk
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Figure 1-4 illustrates a highly integrated implementation of the MPC8536E in a gaming and information
kiosk application. Gaming systems require fast responsive controls and vibrant graphics processing.
MPCB8536E PCI Express providesthe high bandwidth interface to transfer graphicsimage dataand control
to the Graphics Processor. Gaming systems are mechanically secure and require low power operation.
MPC8536E GHz performance in low power envel opes provides the mechanism for the designer to create

high performance in a fanless system.
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Figure 1-4. Gaming Kiosk Application

MPC8536E PowerQUICC Il Integrated Processor Reference Manual, Rev. 1

100/1000

Freescale Semiconductor

13



Overview

1.4.4 Network Controller

Figure 1-5 illustrates how a network controller application can be realized with the MPC8536E. One of
the gigabit Ethernet controllers can be used to interface to an Ethernet switch. The Ethernet interfaces
allow the option for SGMII, which provide robust low-power connectivity to PHY devices. MPC8536E
also implements | EEE 1588 for network synchronization.

I Local Bus ISPI

1X64 +ECC

SGMII
<>

Figure 1-5. Network Controller Application
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Chapter 2
Memory Map

This chapter describes the MPC8536 memory map. An overview of the local 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 MPC8536 provides an extremely flexible local memory map. The local memory map refers to 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 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 12 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 Ghbytes. The target interface is specified using the codes
shown in Table 2-1.

Table 2-1. Target Interface Codes

Source/Target Interface Target Code
PCI 00000
PCI Express 2 00001
PCI Express 1 00010
PCI Express 3 00011
Enhanced local bus 00100
Configuration space 01000
DDR SDRAM 01111
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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
Enhanced
\
Local Bus Flash Boot ROM Local Bus
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 (Enhanced local bus)
2 0x0_A000_0000 | 256 Mbytes | 0b0000 (PCl)
3 0x0_C000_0000 | 256 Mbytes |0b0100 (Enhanced 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 Registers Base Address Register (CCSRBAR).”
Neither isit required to define alocal access window to describe the location of the boot ROM because it
isin the default location (see Section 4.4.3.6, “Boot ROM Location”). However, note that the e500 core
only provides one default TLB entry to access boot code and it allows for accesses within the highest

4 Kbytes of the low 4 Gbytes of memory. In order for the €500 to access the full 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 transactions in the MPC8536.
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 M PC8536 can be configured as amemory-mapped SRAM ranging from
64 Kbytes to 256 Kbytes. Configuration registersin 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 this is discouraged because processor and snoopable 1/0 transactions would map to the
SRAM while non-snooped I/0O transactions would be mapped by the local access windows. Only if all
accessesto the SRAM addressrange are snoopabl e can results be consistent if the SRAM window overlaps
alocal access window.

See Section 6.3.1.3.1, “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 Registers 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. This allows the internal interconnections of the MPC8536 to route a transaction from its 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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Table 2-4. Local Access Register Memory Map (continued)
Local Memory Register Access Reset Section/Page
Offset (Hex) 9 g
0x0_0D48 LAWBAR10—Local access window 10 base address register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_0D50 LAWAR10—Local access window 10 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_0D68 LAWBAR11—Local access window 11 base address register R/W | 0x0000_0000 | 2.2.3.5/2-7
0x0_0D70 LAWAR11—Local access window 11 attribute register R/W | 0x0000_0000 | 2.2.3.5/2-7
2.2.3.2

Thelocal access IP block revision register 1 is shown in Figure 2-2.

Offset 0x0_OBF8

Local Access IP Block Revision Register 1 (LAIPBRR1)

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 IP_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
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Table 2-6. LAIPBRR2 Field Descriptions (continued)

Bits Name Description

16-23 — Reserved

24-31 IP_CFG |IP block configuration options

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: 0Ox0_0C08 LAWBARG: 0x0_0CC8 Access: Read/Write
LAWBAR1: 0x0_0C28 LAWBAR7: 0x0_0CE8
LAWBAR2: 0x0_0C48 LAWBARS: 0x0_0D08
LAWBARS: 0x0_0C68 LAWBAR9: 0x0_0D28
LAWBAR4: 0x0_0C88 LAWBAR10: 0x0_0D48
LAWBAR5: 0x0_0CA8 LAWBAR11: 0x0_0D68

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 fields of the LAWARN registers.

Offset LAWSRO0: 0x0_0C10 LAWSRG6: 0x0_0CDO Access: Read/Write
LAWSR1: 0x0_0C30 LAWSR7: 0x0_0CFO
LAWSR2: 0x0_0C50 LAWSRS: 0x0_0D10
LAWSR3: 0x0_0C70 LAWSR9: 0x0_0D30
LAWSR4: 0x0_0C90 LAWSR10: 0x0_0D50
LAWSRS5: 0x0_0CBO0 LAWSR11: 0x0_0D70

0 1 6 7 1112 25 26 31

EN — TRGT_ID — SIZE

Reset All zeros

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

1-6 — Write reserved, read =0

7-11 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.

00000 PCI

00001 PCI Express 2
00010 PCI Express 1
00011 PCI Express 3
00100 Enhanced local bus
0101-1110 Reserved
01111 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.
000000-001010 Reserved

001011 4 Kbytes

001100 8 Kbytes

001101 16 Kbytes

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

100010 32 Gbytes

100011-111111 Reserved

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)

2.2.3.7 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
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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.

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. Thelocal access windows define how
atransaction is routed through the MPC8536 internal interconnects from the transactions sourceto 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 a particular 1/0 interface. On the MPC8536,
the following blocks have outbound address translation and mapping units (ATMUS):

« PCl

* 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 16.3.1.2, “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
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address space can be supported.See Section 17.3.5.1, “PCl 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
gpace of an 1/0 interface (such as PCl address space) to the local 36-bit address space understood by the
internal interfaces of the MPC8536. 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
device does not respond with an assertion of PCI_DEV SEL. See Section 16.3.1.3, “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 17.3.5.1, “PCl
Express Outbound ATMU Registers,” for a description of the PCl 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 trand 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 MPC8536 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 Registers Base Address Register (CCSRBAR).” Thedefault valuefor
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.

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1

2-10 Freescale Semiconductor



Memory Map

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.

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 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, allowing external masters on the I/O portsto configure the M PC8536.

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 16.3.2.11, “PCI
Base Address Registers.” An external PCl master sets this register by running a PCI configuration cycle
to the MPC8536. Subsequent memory accesses by a PCl 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 are grouped according to functional units. Most functional
blocks are allocated a 4-K byte address space for registers. Registersthat fall into this category are referred
to as general utilities registers. These registers occupy the first 256 Kbytes 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 OpenPI 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
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2.3.4

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

General Utilities Registers

General Utilities Registers Memory Block

0x0 00001 ocal Access
0x0 1000 ECM
0x0 2000 Memory
0x0 3000 2C
CCSR Memory Block 0x0 4000 DUART
0x0 0000 0x0 5000 Local Bus
0x0 6000
General 0x0 7000 SPI
Utilities
0x0 8000 5G]
0x0 90001 pc| Express 2 -
0x0 A00O pg| Express 1 B General Utility Block
0x4 0000 0x0 BOOO pg) Express 3 0xn n000
0x0 C00
PIC Ox1 8000 SATA1 General
0x1 9000 SATA2 Registers
0x8 0000 0x2 0000 | 2 Cache
0x2 1000 DMA
0x2 2000 USB1
. ) 0x2 30007 sB2 0xn nCO0 ATMU
eserve
0x2 4000 eTSEC 1 Oxn nEOO Error Mgmt
0x2 5000 0xn nFO0 Debug
0x2 6000 eTSEC 3 _
0x2 7000
OXE 0000 0x2 BOO USB3
Device-Specific 0x2 C00
Utilities 0x2 EO00Q
eSDHC
OxF FFFF 0x2 E000
0x3 0000
SEC
0x3 FFFH

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 Global Cfg
Utilities 0x4 1100 -
Timers
0x4 1200
0x4 0000 0x5 0000[ Eyternal IRQs
0x5 1020
- ‘ / Internal IRQs
0x6 0000
0x8 0000 Processor
0x7 FFFF
Reserved
0xE 0000
X Device-Specific
Utilities
O0xF 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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Memory Map

2.4

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

Table 2-11 lists the MPC8536 memory-mapped registers.
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.
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Memory Map

Table 2-11. CCSR Block Base Address Map

Block Base Address Block Section/Page Comments
(Hex)
General Utilities (0x0_0000-0x3_FFFF)
Local access registers 4.3.1/4-4 0x0_0000: Configuration, control,
and status registers
0x0_0000 0x0_OBF8: Local access window
base and size registers
0x0_1000 €500 coherency module (ECM) 7.2/7-3 —
0x0_2000 DDR memory controller 8.4/8-10 —
0x0_3000 I2C controllers (2) 9.3/9-9 I2C controller 1: 0x0_3000
[2C controller 2: 0x0_3100
0x0_4000 DUART 12.3/12-3 UARTO: 0x0_4500
UART1: 0x0_4600
0x0_5000 Enhanced local bus controller (eLBC) 13.3/13-9 —
0x0_6000— Reserved — —
0x0_6FFF
0x0_7000 Enhanced serial peripheral interface 18.3/18-5 —
0x0_8000 PCI controller 16.3/16-11 —
0x0_9000 PCI Express controller 2 17.3/17-5 —
0x0_A000 PCI Express controller 1 17.3/17-5 —
0x0_B000 PCI Express controller 3 17.3/17-5 —
0x0_C000- Reserved — —
0x0_EFFF
0x0_F000 General-purpose I/0 22.3/22-2 —
0x1_0000— Reserved — —
0x1_7FFF
0x1_8000 Serial ATA controller 1 19.3.1/19-4 —
0x1_9000 Serial ATA controller 2 19.3.1/19-4 —
0x1_A000—- Reserved — —
0x1_FFFF
0x2_0000 L2/SRAM memory-mapped configuration 6.3/6-8 —
0x2_1000 DMA controller 15.3/15-5 DMAO: 0x2_1100
DMA1: 0x2_1180
DMAZ2: 0x2_1200
DMA3: 0x2_1280
General Status: 0x2_1300
0x2_2000 USB controller 1 21.3/21-4 USBS3 is at 0x2_B000
0x2_3000 USB controller 2 21.3/21-4 —
0x2_4000 eTSECH1 14.5/14-14 —
0x2_5000 Reserved — —
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Memory Map

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

Block Base Address Block Section/Page Comments
(Hex)

0x2_6000 eTSECS3 14.5/14-14 —
0x2_7000— Reserved — —
0x3_AFFF

0x2_B000 USB controller 3 21.3/21-4 USB1 is at 0x2_2000;

USB2 is at 0x2_3000;

0x2_C000- Reserved — —
0x2_DFFF

0x2_EO000 Enhanced secure digital controller 20.4/20-5 —
0x2_F000—- Reserved — —
0x3_1004

0x3_0000 Integrated security engine 10.2/10-11 —

Programmable Interrupt Controller (PIC) (0x4_0000-0x7_FFFF)
0x4_0000 PIC—Giobal registers 9.3.1/9-19 —
0x5_0000 PIC—Interrupt source configuration registers 9.3.7/9-40 —
0x6_0000 PIC— Per-CPU registers 9.3.8/9-46 —
0x7_0000— Reserved — —
0xD_FFFF
Device Specific Utilities (0xE_0000-0xF_FFFF)

0xE_0000 Global Utilities 23.4/23-3 —
OxE_1000 Performance Monitor 24.3/24-3 —
OxE_2000 Watchpoint Monitor and Trace Buffer 25.3/25-9 —
OxE_3000 SerDes1 (8-lane) control 23.4/23-3 —
OxE_3100 SerDes2 (2-lane) control 23.4/23-3 —
OxE_3200- Reserved — —
OxE_FFFF

0xF_0000 Internal Bootrom'' — —

' Even though it is allocated 64 Kbytes in the memory space, only 8 Kbytes of internal bootrom is physically implemented, and
this is located at the upper 8 Kbytes of the allocated 64kbyte address space, from CCSR offset OxF_E000 to OxF_FFFF.
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Chapter 3
Signal Descriptions

This chapter describes the MPC8536E 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 MPCB8536E signals are grouped as follows:
* DDR memory interface signals
* PCl interface signals
* eTSEC 1and 3interface signals
» 1588 signals
» Enhanced local bus controller signals
* DMA interface signals
* PICinterfacesignas
* DUART interface signals
 1°Cinterface signals
» PCl Express 1, 2, and 3 interface signals
* SATA and SGMII signals
» System control, power management, and debug signals
» Test, JTAG, configuration, and clock signals
* USBinterface signals
 eSDHC signals
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Signal Descriptions

* SPlsignas
» Configuration signals
» General-purpose input/output signals

Note that individual chapters of this document provide details for each signal, describing each signa’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 the signals grouped by
function, and Table 3-2 lists the signals al phabetically. These tables detail the signal name, interface,
alternate functions, 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). Finaly, the
table provides a pointer to the table where the signal function is described.

Table 3-1 provides a summary of the signals grouped by function.
Table 3-1. MPC8536E Signal Reference by Functional Block

Name Description Fu;(l:;i:knal Alternate Function(s) S'\il:ﬁ:lfs 1/0 T:;;:/
MDQJ[0:63] DDR data DDR memory — 64 1/0 8-3/8-6
MECC[0:7] DDR error correcting code DDR memory — 8 I/0 8-3/8-6
MDMI[0:7] DDR data mask DDR memory — 8 0] 8-3/8-6

MDM8 DDR ECC data mask DDR memory — 1 (0] 8-3/8-6
MDQSI[0:7] DDR data strobe DDR memory — 8 1/0 8-3/8-6

MDQS8 DDR ECC data strobe DDR memory — 1 1/0 8-3/8-6

MDQSJ[0:7] DDR data strobe (complement) | DDR memory — 8 I/0 8-3/8-6

MDQS8 DDR ECC data strobe DDR memory — 1 I/0 8-3/8-6
(complement)

MBA[2:0] DDR bank select DDR memory — 3 0] 8-3/8-6

MA[15:0] DDR address DDR memory — 16 0] 8-3/8-6

MWE DDR write enable DDR memory — 1 o] 8-3/8-6

MRAS DDR row address strobe DDR memory — 1 0 8-3/8-6

MCAS DDR column address strobe DDR memory — 1 0 8-3/8-6
MCSJ[0:3] DDR chip select (2/DIMM) DDR memory — 4 (0] 8-3/8-6
MCKEJ0:3] DDR clock enable DDR memory — 4 0] 8-3/8-6
MCK][0:5], DDR differential clocks (3 DDR memory — 12 (0] 8-3/8-6

MCK{0:5] pairs/DIMM)
MODTI[0:3] DRAM On-Die Termination DDR memory — 4 (0] 8-3/8-6
MDIC[0:1] Driver impedance calibration Debug/ — 2 1/0 8-3/8-6
DDR memory
MAPAR_ERR | DDR address parity in DDR memory — 1 I 8-3/8-6
MAPAR_OUT DDR address parity out DDR memory — 1 (0] 8-3/8-6
PCI_ADI[31:0] PCl address/data PCI — 32 1/0 16-2/16-6
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Table 3-1. MPC8536E Signal Reference by Functional Block (continued)

Signal Descriptions

Name Description Fu;(l:;i:knal Alternate Function(s) S'\il:ﬁ:lfs 1/0 T:;;:/
PCI_C/BE[3:0] PCIl command/byte enable PCI — 4 1/0 16-2/16-6
PCI_PAR PCI parity PCI — 1 1/0 16-2/16-6
PCI_FRAME PCl frame PCI — 1 1/0 16-2/16-6
PCI_TRDY PCl target ready PCI — 1 I/0 16-2/16-6
PCI_IRDY PCl initiator ready PCI — 1 I/0 16-2/16-6
PCI_STOP PCl stop PCI — 1 I/0 16-2/16-6
PCI_DEVSEL |PCl device select PCI — 1 /0| 16-2/16-6
PCI_IDSEL PCl initial device select PCI — 1 I 16-2/16-6
PCI_PERR PCI parity error PCI — 1 I/0 16-2/16-6
PCI_SERR PCl system error PCI — 1 I/0 16-2/16-6
PCI_REQO PCl request 0 PCI — 1 I/0 16-2/16-6
PCI_REQ[1:2] |PClrequest 1-2 PCI — 2 I 16-2/16-6
PCI_REQ[3:4] |PClrequest 3-4 PCI GPI0[0:1] 2 I 16-2/16-6
PCI_GNTO PCl grant 0 PCI — 1 I/0 16-2/16-6
PCI_GNT1 PClI grant 1 PCI cfg_pci_impd 1 0 16-2/16-6
PCI_GNT2 PCI grant 2 PCI cfg_pci_arb 1 0 16-2/16-6
PCI_GNT[3:4] |PClgrant3 PCI GPI0[2:3] 1 0 16-2/16-6
PCI_CLK PCI clock PCI — 1 | 16-2/16-6
EC_GTX_CLK125 | Gigabit reference clock Gigabit clock — 1 I 16-2/16-6
EC_MDC Ethernet management data Ethernet cfg_eng_use0 1 (0] 16-2/16-6
clock management
EC_MDIO Ethernet management data Ethernet — 1 1/0 16-2/16-6
in/out management
TSEC1_TXDJ[7:4] | TSEC1 transmit data 7—4 eTSEC1 FIFO1_TXDI[7:4)/ 4 (0] 14-2/14-10
cfg_rom_loc[0:3]
TSEC1_TXD3 TSEC1 transmit data 3 eTSEC1 FIFO1_TXD3/ 1 (0] 14-2/14-10
cfg_eng_use1
TSEC1_TXD2 TSEC1 transmit data 2 eTSEC1 FIFO1_TXD2/ 1 (0] 14-2/14-10
cfg_srds2_prtclO
TSEC1_TXDJ[1:0] | TSEC1 transmit data 1 eTSEC1 FIFO1_TXD1/ 2 (0] 14-2/14-10
cfg_tsec1_prtcl[1:0]
TSEC1_TX_EN | TSECH1 transmit enable eTSEC1 FIFO1_TX_EN 1 (0] 14-2/14-10
TSEC1_TX_ER |TSECH transmit error eTSEC1 FIFO1_TX_ER/ 1 (0] 14-2/14-10
cfg_tsec1_reduce
TSEC1_TX_CLK |TSEC1 transmit clock in eTSEC1 FIFO1_TX_CLK 1 I 14-2/14-10
TSEC1_GTX_CLK | TSECH1 transmit clock out eTSECH1 _ 1 (0] 14-2/14-10
TSEC1_CRS TSECH1 carrier sense eTSECH1 FIFO1_RX_FC 1 1/0 14-2/14-10
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Signal Descriptions

Table 3-1. MPC8536E Signal Reference by Functional Block (continued)

i Functional . No. of Table/
Name Description Block Alternate Function(s) Signals 1/0 Page
TSEC1_COL TSECH1 collision detect eTSECH1 FIFO1_TX_FC 1 | 14-2/14-10
TSEC1_RXD[7:0] | TSEC1 receive data eTSECH1 FIFO1_RXDI[7:0] 8 I 14-2/14-10
TSEC1_RX_DV | TSECH1 receive data valid eTSECH1 FIFO1_RX_DV 1 | 14-2/14-10
TSEC1_RX_ER | TSECH1 receiver error eTSECH1 FIFO1_RX_ER 1 | 14-2/14-10
TSEC1_RX_CLK |TSECH1 receive clock eTSEC1 FIFO1_RX_CLK 1 I 14-2/14-10
TSEC3_TXD7 TSEC3 transmit data 7 eTSECS3 FIFO3_TXD7/ 1 (0] 14-2/14-10
cfg_eng_use2
TSEC3_TXD[6:4] | TSECS transmit data [6:4] eTSEC3 FIFO3_TXD[6:4)/ 3 (0] 14-2/14-10
cfg_io_ports[0:2]
TSEC3_TXD3 TSEC3 transmit data 3 eTSECS3 FIFO3_TXD3/ 1 (0] 14-2/14-10
cfg_srds2_ref_clkO
TSEC3_TXD2 TSEC3 transmit data 2 eTSECS3 FIFO3_TXD2/ 1 (0] 14-2/14-10
cfg_srds2_prtcl1
TSEC3_TXD[1:0] | TSECS transmit data 1-0 eTSEC3 FIFO3_TXD[1:0)/ 2 (0] 14-2/14-10
cfg_tsec3_prtcl[1:0]
TSEC3_TX_EN | TSECS3 transmit enable eTSEC3 FIFO3_TX_EN 1 (0] 14-2/14-10
TSEC3_TX_ER | TSECS3 transmit error eTSEC3 FIFO3_TX_ER/ 1 (0] 14-2/14-10
cfg_tsec3_reduce
TSEC3_TX_CLK | TSECS transmit clock in eTSECS3 FIFO3_TX_CLK 1 I 14-2/14-10
TSEC3_GTX_CLK | TSECS transmit clock out eTSECS3 — 1 0] 14-2/14-10
TSEC3_CRS TSECS3 carrier sense eTSECS FIFO3_RX_FC 1 1/0 14-2/14-10
TSEC3_COL TSECS3 collision detect eTSEC3 FIFO3_TX_FC 1 | 14-2/14-10
TSECS3_RXD[7:0] | TSEC3 receive data 7-0 eTSEC3 FIFO3_RXDI[7:0] 8 I 14-2/14-10
TSEC3_RX_DV | TSECS3 receive data valid eTSEC3 FIFO3_RX_DV 1 | 14-2/14-10
TSEC3_RX_ER | TSECS3 receive error eTSECS3 FIFO3_RX_ER 1 | 14-2/14-10
TSEC3_RX_CLK | TSECS receive clock eTSECS3 FIFO3_RX_CLK 1 I 14-2/14-10
TSEC_1588_CLK | IEEE 1588 clock IEEE 1588 — 1 | 14-2/14-10
TSEC_1588_ IEEE 1588 clock out IEEE 1588 cfg_ddr_pll2 1 (0] 14-2/14-10
CLK_OUT
TSEC_1588_ IEEE 1588 trigger in IEEE 1588 2 | 14-2/14-10
TRIG_IN[0:1]
TSEC_1588_ IEEE 1588 pulse out 1 IEEE 1588 cfg_srds2_prtcl2 1 (0] 14-2/14-10
PULSE_OUTH1
TSEC_1588_ IEEE 1588 pulse out 2 IEEE 1588 cfg_srds2_ref_clk1 1 (0] 14-2/14-10
PULSE_OUT2
TSEC_1588_ IEEE 1588 alarm out IEEE 1588 cfg_ddr_pll[0:1] 2 0] 14-2/14-10
TRIG_OUTI[0:1]
LADI[0:31] Local bus address/data eLBC cfg_gpinput[0:31] 32 1/0 13-2/13-5
LDP[0:3] Local bus data parity eLBC — 4 1/0 13-2/13-5
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Table 3-1. MPC8536E Signal Reference by Functional Block (continued)

Signal Descriptions

Name Description Fu;(l:;i:knal Alternate Function(s) S'\il:ﬁ:lfs 1/0 T:;;:/
LA27 Local bus burst address eLBC cfg_cpu_boot 1 (0] 13-2/13-5
LA[28:31] Local bus port address eLBC cfg_sys_pll[0:3] 4 0] 13-2/13-5
LCS[0:4] Local bus chip select 0—4 eLBC — 5 @) 13-2/13-5
LCS5 Local bus chip select 5 elLBC DMA_DREQ2 1 1/0 13-2/13-5
LCS6 Local bus chip select 6 elLBC DMA_DACK2 1 0 13-2/13-5
LCS7 Local bus chip select 7 elLBC DMA_DDONE2 1 0 13-2/13-5
_W& Local bus write enable eLBC cfg_core_speed 1 @) 13-2/13-5
LBSO/LFWE /byte select 0
W_Eh :3)/ Local bus write enable eLBC cfg_host_agt[0:2] 3 0] 13-2/13-5
LBS[1:3] /byte select 1-3
LBCTL Local bus data buffer control eLBC cfg_core_pllO 1 (0] 13-2/13-5
LALE Local bus address latch enable eLBC cfg_core_pll1 1 0] 13-2/13-5
LGPLO/LFCLE Local bus UPM general purpose eLBC cfg_dram_type 1 0] 13-2/13-5
line 0
LGPL1/LFALE Local bus GP line 1 eLBC cfg_sys_speed 1 (0] 13-2/13-5
_LGPL2/ Local bus GP line 2 eLBC cfg_core_pll2 1 0] 13-2/13-5
LOE/LFRE /output enable
LGPL3/LFWP | Local bus GP line 3 eLBC cfg_boot_seq0 1 0 13-2/13-5
LG_PL4/LGﬁ/ Local bus GP line 4/GPCM eLBC — 1 1/0 13-2/13-5
LFRB/LUPWAIT/ |terminate access/UPM wait
LPBSE
LGPL5 Local bus GP line 5 address eLBC cfg_boot_seq1 1 0] 13-2/13-5
LCLK[0:2] Local bus clock eLBC — 3 (0] 13-2/13-5
LSYNC_IN Local bus PLL synchronization eLBC — 1 | 13-2/13-5
LSYNC_OUT Local bus PLL synchronization eLBC — 1 0] 13-2/13-5
DMA_DREQ[0:1] |DMA request 01 DMA GPIO[14:15] 2 I 15-3/15-5
DMA_DREQ2 |DMA request 2 DMA LCS5 1 I 15-3/15-5
DMA_DREQ3 |DMA request 3 DMA IRQ9 1 I 15-3/15-5
DMA_DACK[0:1] | DMA acknowledge 0-1 DMA GPIO[10:11] 2 o] 15-3/15-5
DMA_DACK2 |DMA acknowledge 2 DMA LCS6 1 0 15-3/15-5
DMA_DACK3 |DMA acknowledge 3 DMA IRQ10 1 0 15-3/15-5
DMA_DDONE[0:1] | DMA done 0-1 DMA GPIO[12:13] 2 o 15-3/15-5
DMA_DDONE2 | DMA done 2 DMA LCS7 1 o 15-3/15-5
DMA_DDONE3 | DMA done 3 DMA IRQ11 1 ¢ 15-3/15-5
MCP Machine check processor PIC — 1 | 9-3/9-8
UDE Unconditional debug event PIC — 1 | 9-3/9-8
IRQ[0:8] External interrupt 0—8 PIC — 9 | 9-3/9-8
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Signal Descriptions

Table 3-1. MPC8536E Signal Reference by Functional Block (continued)

i Functional . No. of Table/
Name Description Block Alternate Function(s) Signals 1/0 Page
IRQ9 External interrupt 9 PIC DMA_DREQ3 1 | 9-3/9-8
IRQ10 External interrupt 10 PIC DMA_DACK3 1 | 9-3/9-8
IRQ11 External interrupt 11 PIC DMA_DDONE3 1 | 9-3/9-8
IRQ_OUT Interrupt output PIC — 1 (0] 9-3/9-8
UART_SIN[0:1] | DUART serial data in Dual UART — 2 | 12-1/12-3
UART_SOUTI[0:1] | DUART serial data out Dual UART — 2 (0] 12-1/12-3
UART_CTS[0:1] |DUART clear to send Dual UART — 2 | 12-1/12-3
UART_RTS[0:1] | DUART ready to send Dual UART — 2 (0] 12-1/12-3
IIC1_SDA I°C serial data 1’C — 1 /0| 11-2/11-4
lIC1_SCL I°C serial clock 1’C — 1 /0| 11-2/11-4
IIC2_SDA I°C serial data 1’C — 1 /0| 11-2/11-4
lIC2_SCL I°C serial clock 1’C — 1 /0| 11-2/11-4
SD1_RX[7:6], PCI Express receive data, PCIl Express 1/ — 2 | 17-2/17-5
SD1_RX[7:6] receive data complement PCI Express 2/
PCI Express 3
SD1_RX[5:4], PCI Express receive data, PCIl Express 1/ — 2 | 17-2/17-5
SD1_RX[5:4] receive data complement PCI Express 2
SD1_RX[3:0], PCI Express receive data, PCI Express 1 — 4 | 17-2/17-5
SD1_RX[3:0] receive data complement
SD1_TX[7:6], PCI Express transmit data, PCIl Express 1/ — 2 (0] 17-2/17-5
SD1_TX[7:6] transmit data complement PCI Express 2/
PCI Express 3
SD1_TX[5:4], PCI Express transmit data, PCIl Express 1/ — 2 (0] 17-2/17-5
SD1_TX[5:4] transmit data complement PCI Express 2
SD1_TX[3:0], PCI Express transmit data, PCI Express 1 — 4 (0] 17-2/17-5
SD1_TX[3:0] transmit data complement
SD1_REF_CLK, |SerDes1 reference clock, PCI Express 1, — 2 |
SD1_REF_CLK |SerDes1 reference clock PCI Express 2,
complement PCI Express 3
SD2_RX[1:0], Receive data, SATA, SGMII — 4 |
SD2_RX[1:0] receive data complement
SD2_TX[1:0], Transmit data, SATA, SGMII — 4 (0]
SD2_TX[1:0] transmit data complement
SD2_REF_CLK, |SerDes2 reference clock, SATA, SGMII — 2 |
SD2_REF_CLK | SerDes2 reference clock
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 | 23-2/23-2
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Table 3-1. MPC8536E Signal Reference by Functional Block (continued)

Signal Descriptions

Name Description Fu;(l:;i:knal Alternate Function(s) S'\il:ﬁ:lfs 1/0 T:;;:/
CKSTP_OUT | Checkstop out System control — 1 0 23-2/23-2
READY Device ready System control TRIG_OUT 1 (0] 4-2/4-2
ASLEEP Asleep Power mgmt — 1 (0] 23-2/23-2
POWER_OK Stable power Power mgmt — 1 | 23-2/23-2
POWER_EN Power enable Power mgmt — 1 (e 23-2/23-2
TRIG_IN Watchpoint trigger in Debug — 1 | 25-4/25-7
TRIG_OUT Watchpoint trigger out Debug READY 1 (0] 25-4/25-7
MSRCIDO Memory debug source port ID 0 Debug cfg_mem_debug 1 (0] 25-3/25-6
MSRCID1 Memory debug source port ID 1 Debug cfg_ddr_debug 1 (0] 25-3/25-6
MSRCID[2:4] Memory debug source port ID Debug — 3 (0] 25-3/25-6
2-4
MDVAL Memory debug data valid Debug — 1 (0] 25-3/25-6
LSSD_MODE  |LSSD mode Test — 1 | 25-5/25-8
L1_TSTCLK L1 test clock Test — 1 | 25-5/25-8
L2 _TSTCLK L2 test clock Test — 1 | 25-5/25-8
TEST_SEL Test select Test — 1 [ 25-5/25-8
TEMP_ANODE | Thermal diode access Test — 2 | 25-5/25-8
TEMP_CATHODE | Thermal diode access Test — 2 | 25-5/25-8
TCK Test clock JTAG — 1 | 25-5/25-8
TDI Test data in JTAG — 1 | 25-5/25-8
TDO Test data out JTAG — 1 O 25-5/25-8
T™MS Test mode select JTAG — 1 | 25-5/25-8
TRST Test reset JTAG — 1 | 25-5/25-8
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] 23-2/23-2
USB1_D[7:0] USB1 data USBH1 — 8 1/0 21-1/21-3
USB1_NXT USB1 next data USBH1 — 1 | 21-1/21-3
USB1_DIR USB1 data USBH1 — 1 | 21-1/21-3
USB1_STP USB1 stop USB1 cfg_pci_clk 1 0] 21-1/21-3
USB1_PWRFAULT | USB1 power fault USBH1 — 1 | 21-1/21-3
USB1_PCTLO USB1 port control 0 USB1 GPIO6 1 (0] 21-1/21-3
USB1_PCTLA1 USBH1 port control 1 USB1 GPIO7 1 (0] 21-1/21-3
USB1_CLK USB1 clock USBH1 — 1 | 21-1/21-3
USB2_D[7:0] USB2 data USB2 — 8 1/0 21-1/21-3
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Signal Descriptions

Table 3-1. MPC8536E Signal Reference by Functional Block (continued)

Name Description Fu;(l:;i:knal Alternate Function(s) S'\il:ﬁ:lfs 1/0 T:;;:/
USB2_NXT USB2 next data USB2 — 1 | 21-1/21-3
USB2_DIR USB2 data USB2 — 1 | 21-1/21-3
USB2_STP USB2 stop usB2 cfg_pci_speed 1 0] 21-1/21-3

USB2_PWRFAULT | USB2 power fault USB2 — 1 | 21-1/21-3
USB2_PCTLO USB2 port control 0 USB2 GPIO8 1 (0] 21-1/21-3
USB2_PCTLA1 USB2 port control 1 USB2 GPIO9 1 (0] 21-1/21-3

USB2_CLK USB2 clock uUsSB2 — 1 | 21-1/21-3
USB3_D[7:0] USB3 data USB3 — 8 1/0 21-1/21-3
USB3_NXT USB3 next data USB3 — 1 | 21-1/21-3
USB3_DIR USB3 data USB3 — 1 | 21-1/21-3
USB3_STP USBS stop USB3 — 1 0] 21-1/21-3
USB3_CLK USBS clock USB3 — 1 | 21-1/21-3
SDHC_CMD eSDHC command eSDHC — 1 1/0 20-1/20-4
SDHC_CD eSDHC eSDHC GPI104 1 | 20-1/20-4
SDHC_DAT[0:3] |eSDHC data eSDHC — 1 1/0 20-1/20-4
SDHC_DAT[4:7] |eSDHC data eSDHC SPI_CSJ[0:3] 4 |1/0| 20-1/20-4
SDHC_CLK eSDHC clock eSDHC — 1 (0] 20-1/20-4
SDHC_WP eSDHC write protect eSDHC GPIO5 1 I 20-1/20-4
SPI_MOSI SPI master out slave in SPI — 1 1/0 18-1/18-4
SPI_MISO SPI master in slave out SPI — 1 | 18-1/18-4
SPI_CLK SPI clock SPI — 1 0] 18-1/18-4
SPI_CSJ0:3] SPI chip select 0-3 SPI SDHC_DAT[4:7] 4 I/0 18-1/18-4
GPIO[0:1] General-purpose I/0 GPIO PCI_REQ[3:4] 2 I/0 22-1/22-2

GPIO2 General-purpose 1/0 GPIO PCI_GNT3 1 I/0 22-1/22-2

GPIO3 General-purpose 1/0 GPIO PCI_GNT4 1 I/0 22-1/22-2

GPIO4 General-purpose 1/O GPIO SDHC_CD 1 I/0 22-1/22-2

GPIO5 General-purpose I/0O GPIO SDHC_WP 1 I/0 22-1/22-2

GPIO6 General-purpose I/0 GPIO USB1_PCTLO 1 1/0 22-1/22-2

GPIO7 General-purpose /0 GPIO USB1_PCTLA1 1 1/0 22-1/22-2

GPIO8 General-purpose I/0 GPIO USB2_PCTLO 1 1/0 22-1/22-2

GPIO9 General-purpose /0 GPIO USB2_PCTLA1 1 1/0 22-1/22-2
GPIO[10:11] General-purpose 1/O GPIO DMA_DACK][0:1] 2 1/0 22-1/22-2
GPIO[12:13] General-purpose 1/O GPIO DMA_DDONEJ0:1] 2 1/0 22-1/22-2
GPIO[14:15] General-purpose 1/0 GPIO DMA_DREQ[0:1] 2 I/0 22-1/22-2
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Table 3-2 provides the a phabetical summary list of signals.
Table 3-2. MPC8536E Alphabetical Signal Reference

Signal Descriptions

Name Description Fu;(l:;i((:)knal Alternate Function(s) S'\il;ﬁ:lfs 1/0 T::;:/
ASLEEP Asleep Power mgmt — 1 (0] 23-2/23-2
CKSTP_IN Checkstop in System control — 1 I 23-2/23-2
CKSTP_OUT | Checkstop out System control — 1 0 23-2/23-2
CLK_OUT Clock out Clock — 1 (0] 23-2/23-2
DMA_DACK[0:1] | DMA acknowledge 0-1 DMA GPIO[10:11] 2 o] 15-3/15-5
DMA_DACK2 |DMA acknowledge 2 DMA LCS6 1 0 15-3/15-5
DMA_DACK3  |DMA acknowledge 3 DMA IRQ10 1 0 15-3/15-5
DMA_DDONE[0:1] | DMA done 0—1 DMA GPIO[12:13] 2 0 15-3/15-5
DMA_DDONE2 |DMA done 2 DMA LCS7 1 0 15-3/15-5
DMA_DDONE3 | DMA done 3 DMA IRQ11 1 0 15-3/15-5
DMA_DREQ[0:1] |DMA request 01 DMA GPIO[14:15] 2 I 15-3/15-5
DMA_DREQ2 |DMA request 2 DMA LCS5 1 I 15-3/15-5
DMA_DREQ3 |DMA request 3 DMA IRQ9 1 I 15-3/15-5
EC_GTX_CLK125 | Gigabit reference clock Gigabit clock — 1 I 16-2/16-6
EC_MDC Ethernet management data Ethernet cfg_eng_use0 1 (0] 16-2/16-6

clock management
EC_MDIO Ethernet management data Ethernet — 1 1/10 16-2/16-6
in/out management

GPIO[0:1] General-purpose 1/0 GPIO PCI_REQ[3:4] 2 I/0 22-1/22-2
GPIO[10:11] General-purpose 1/O GPIO DMA_DACK][0:1] 2 1/0 22-1/22-2
GPIO[12:13] General-purpose 1/0 GPIO DMA_DDONEJ0:1] 2 I/0 22-1/22-2
GPIO[14:15] General-purpose 1/0 GPIO DMA_DREQ[0:1] 2 I/0 22-1/22-2
GPIO2 General-purpose 1/O GPIO PCI_GNT3 1 I/0 22-1/22-2
GPIO3 General-purpose 1/O GPIO PCI_GNT4 1 I/0 22-1/22-2
GPIO4 General-purpose 1/O GPIO SDHC_CD 1 I/0 22-1/22-2
GPIO5 General-purpose I/0 GPIO SDHC_WP 1 I/0 22-1/22-2
GPIO6 General-purpose I/0O GPIO USB1_PCTLO 1 1/0 22-1/22-2
GPIO7 General-purpose I/0 GPIO USB1_PCTLA1 1 1/0 22-1/22-2
GPIO8 General-purpose I/0 GPIO USB2_PCTLO 1 1/0 22-1/22-2
GPIO9 General-purpose /0O GPIO USB2_PCTLA1 1 1/0 22-1/22-2

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 I°C serial clock 1’C — 1 /0| 11-2/11-4
lIC1_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
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Signal Descriptions

Table 3-2. MPC8536E Alphabetical Signal Reference (continued)

Name Description Fu;(l:;i:knal Alternate Function(s) S'\il:ﬁ:lfs 1/0 T:;;:/
IIC2_SDA I°C serial data 1’C — 1 /O |  11-2/11-4
IRQ[0:8] External interrupt 0—8 PIC — 9 | 9-3/9-8
IRQ_OUT Interrupt output PIC — 1 o] 9-3/9-8
IRQ10 External interrupt 10 PIC DMA_DACK3 1 I 9-3/9-8
IRQ11 External interrupt 11 PIC DMA_DDONE3 1 I 9-3/9-8
IRQ9 External interrupt 9 PIC DMA_DREQ3 1 I 9-3/9-8
L1_TSTCLK L1 test clock Test — 1 | 25-5/25-8
L2 _TSTCLK L2 test clock Test — 1 | 25-5/25-8
LA[28:31] Local bus port address eLBC cfg_sys_pll[0:3] 4 (0] 13-2/13-5
LA27 Local bus burst address eLBC cfg_cpu_boot 1 (0] 13-2/13-5
LADI[0:31] Local bus address/data eLBC cfg_gpinput[0:31] 32 1/0 13-2/13-5
LALE Local bus address latch enable eLBC cfg_core_pll1 1 0] 13-2/13-5
LBCTL Local bus data buffer control eLBC cfg_core_pllO 1 (0] 13-2/13-5
LCLK[0:2] Local bus clock eLBC — 3 (0] 13-2/13-5
LCS[0:4] Local bus chip select 0—4 eLBC — 5 0] 13-2/13-5
LCS5 Local bus chip select 5 elLBC DMA_DREQ2 1 I/0 13-2/13-5
LCS6 Local bus chip select 6 elLBC DMA_DACK2 1 0 13-2/13-5
LCS7 Local bus chip select 7 elLBC DMA_DDONE2 1 0 13-2/13-5
LDP[0:3] Local bus data parity eLBC — 4 1/0 13-2/13-5
LGPLO/LFCLE Local bus UPM general purpose eLBC cfg_dram_type 1 0] 13-2/13-5
line 0
LGPL1/LFALE Local bus GP line 1 eLBC cfg_sys_speed 1 (0] 13-2/13-5
_LePL2/ Local bus GP line 2 eLBC cfg_core_pll2 1 0] 13-2/13-5
LOE/LFRE /output enable
LGPL3/LFWP | Local bus GP line 3 eLBC cfg_boot_seq0 1 0 13-2/13-5
LGEL4/m/ Local bus GP line 4/GPCM eLBC — 1 1/0 13-2/13-5
LFRB/LUPWAIT/ |terminate access/UPM wait
LPBSE
LGPL5 Local bus GP line 5 address eLBC cfg_boot_seq1 1 0] 13-2/13-5
LSSD_MODE  |LSSD mode Test — 1 | 25-5/25-8
LSYNC_IN Local bus PLL synchronization eLBC — 1 | 13-2/13-5
LSYNC_OUT Local bus PLL synchronization eLBC — 1 0] 13-2/13-5
W_Eh :3)/ Local bus write enable eLBC cfg_host_agt[0:2] 3 0] 13-2/13-5
LBS[1:3] /byte select 1-3
_W% Local bus write enable eLBC cfg_core_speed 1 @) 13-2/13-5
LBSO/LFWE /byte select 0
MA[15:0] DDR address DDR memory — 16 0] 8-3/8-6
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Table 3-2. MPC8536E Alphabetical Signal Reference (continued)

Signal Descriptions

Name Description Fu;(l:;i:knal Alternate Function(s) S'\il:ﬁ:lfs 1/0 T:;;:/
MAPAR_ERR | DDR address parity in DDR memory — 1 I 8-3/8-6
MAPAR_OUT DDR address parity out DDR memory — 1 (0] 8-3/8-6

MBA[2:0] DDR bank select DDR memory — 3 0] 8-3/8-6

MCAS DDR column address strobe DDR memory — 1 0 8-3/8-6

MCK][0:5], DDR differential clocks (3 DDR memory — 12 (0] 8-3/8-6
MCK{0:5] pairs/DIMM)
MCKEJ0:3] DDR clock enable DDR memory — 4 0] 8-3/8-6

MCP Machine check processor PIC — 1 | 9-3/9-8

MCSJ[0:3] DDR chip select (2/DIMM) DDR memory — 4 (0] 8-3/8-6

MDIC[0:1] Driver impedance calibration Debug/ — 2 1/0 8-3/8-6
DDR memory

MDMI[0:7] DDR data mask DDR memory — 8 0] 8-3/8-6

MDM8 DDR ECC data mask DDR memory — 1 (0] 8-3/8-6
MDQJ[0:63] DDR data DDR memory — 64 1/0 8-3/8-6
MDQSI[0:7] DDR data strobe DDR memory — 8 110 8-3/8-6
MDQSJ[0:7] DDR data strobe (complement) | DDR memory — 8 I/0 8-3/8-6

MDQS8 DDR ECC data strobe DDR memory — 1 1/0 8-3/8-6

MDQS8 DDR ECC data strobe DDR memory — 1 I/0 8-3/8-6

(complement)

MDVAL Memory debug data valid Debug — 1 (0] 25-3/25-6
MECC[0:7] DDR error correcting code DDR memory — 8 I/0 8-3/8-6
MODTI[0:3] DRAM On-Die Termination DDR memory — 4 (0] 8-3/8-6

MRAS DDR row address strobe DDR memory — 1 0 8-3/8-6
MSRCID[2:4] Memory debug source port ID Debug — 3 (0] 25-3/25-6

2-4
MSRCIDO Memory debug source port ID 0 Debug cfg_mem_debug 1 (0] 25-3/25-6
MSRCID1 Memory debug source port ID 1 Debug cfg_ddr_debug 1 (0] 25-3/25-6

MWE DDR write enable DDR memory — 1 0 8-3/8-6
PCI_AD[31:0] PCl address/data PCI — 32 1/0 16-2/16-6
PCI_C/BE[3:0] PCIl command/byte enable PCI — 4 1/0 16-2/16-6

PCI_CLK PCI clock PCI — 1 | 16-2/16-6
PCI_DEVSEL |PCl device select PCI — 1 /0| 16-2/16-6
PCI_FRAME  |PCl frame PCI — 1 /0| 16-2/16-6
PCI_GNT[3:4] |PClgrant3 PCI GPI0[2:3] 1 0 16-2/16-6

PCI_GNTO PCl grant 0 PCI — 1 I/0 16-2/16-6
PCI_GNT1 PCl grant 1 PCI cfg_pci_impd 1 0 16-2/16-6
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Table 3-2. MPC8536E Alphabetical Signal Reference (continued)

i Functional . No. of Table/
Name Description Block Alternate Function(s) Signals 1/0 Page
PCI_GNT2 PCI grant 2 PCI cfg_pci_arb 1 (0] 16-2/16-6
PCI_IDSEL PCl initial device select PCI — 1 I 16-2/16-6
PCIL_IRDY PCl initiator ready PCI — 1 1/0 16-2/16-6
PCI_PAR PCI parity PCI — 1 1/0 16-2/16-6
PCI_PERR PCI parity error PCI — 1 1/0 16-2/16-6
PCI_REQ[1:2] PCI request 1-2 PCI — 2 | 16-2/16-6
PCI_REQ[3:4] PCI request 3—4 PCI GPI0J[0:1] 2 | 16-2/16-6
PCI_REQO PCl request 0 PCI — 1 1/0 16-2/16-6
PCI_SERR PCI system error PCI — 1 1/0 16-2/16-6
PCI_STOP PCI stop PCI — 1 1/0 16-2/16-6
PCI_TRDY PCI target ready PCI — 1 1/0 16-2/16-6
POWER_EN Power enable Power mgmt — 1 (e 23-2/23-2
POWER_OK Stable power Power mgmt — 1 | 23-2/23-2
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, PCI Express 1, — 2 |
SD1_REF_CLK |SerDes1 reference clock PCI Express 2,
complement PCI Express 3
SD1_RX[3:0], PCI Express receive data, PCI Express 1 — 4 | 17-2/17-5
SD1_RX[3:0] receive data complement
SD1_RX[5:4], PCI Express receive data, PCIl Express 1/ — 2 | 17-2/17-5
SD1_RX[5:4] receive data complement PCI Express 2
SD1_RX[7:6], PCI Express receive data, PCIl Express 1/ — 2 | 17-2/17-5
SD1_RX[7:6] receive data complement PCI Express 2/
PCI Express 3
SD1_TX[3:0], PCI Express transmit data, PCI Express 1 — 4 (0] 17-2/17-5
SD1_TX[3:0] transmit data complement
SD1_TX[5:4], PCI Express transmit data, PCIl Express 1/ — 2 (0] 17-2/17-5
SD1_TX[5:4] transmit data complement PCI Express 2
SD1_TX[7:6], PCI Express transmit data, PCI Express 1/ — 2 (0] 17-2/17-5
SD1_TX[7:6] transmit data complement PCI Express 2/
PCI Express 3
SD2_REF_CLK, |SerDes2 reference clock, SATA, SGMII — 2 |
SD2_REF_CLK | SerDes2 reference clock
complement
SD2_RX[1:0], Receive data, SATA, SGMII — 4 |
SD2_RX[1:0] receive data complement
SD2_TX[1:0], Transmit data, SATA, SGMII — 4 (0]
SD2_TX[1:0] transmit data complement
SDHC_CD eSDHC eSDHC GPIO4 1 | 20-1/20-4
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Table 3-2. MPC8536E Alphabetical Signal Reference (continued)

Signal Descriptions

Name Description Fu;(l:;i:knal Alternate Function(s) S'\il:ﬁ:lfs 1/0 T:;;:/
SDHC_CLK eSDHC clock eSDHC — 1 O 20-1/20-4
SDHC_CMD eSDHC command eSDHC — 1 1/0 20-1/20-4

SDHC_DAT[0:3] |eSDHC data eSDHC — 1 1/0 20-1/20-4
SDHC_DAT[4:7] |eSDHC data eSDHC SPI_CS[0:3] 4 |1/0| 20-1/20-4
SDHC_WP eSDHC write protect eSDHC GPIO5 1 I 20-1/20-4
SPI_CLK SPI clock SPI — 1 @) 18-1/18-4
SPI_CSJ0:3] SPI chip select 0-3 SPI SDHC_DAT[4:7] 4 I/0 18-1/18-4
SPI_MISO SPI master in slave out SPI — 1 | 18-1/18-4
SPI_MOSI SPI master out slave in SPI — 1 1/0 18-1/18-4
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 | 25-5/25-8
TDI Test data in JTAG — 1 | 25-5/25-8
TDO Test data out JTAG — 1 O 25-5/25-8
TEMP_ANODE | Thermal diode access Test — 2 | 25-5/25-8
TEMP_CATHODE | Thermal diode access Test — 2 | 25-5/25-8
TEST_SEL Test select Test — 1 [ 25-5/25-8
T™MS Test mode select JTAG — 1 | 25-5/25-8
TRIG_IN Watchpoint trigger in Debug — 1 | 25-4/25-7
TRIG_OUT Watchpoint trigger out Debug READY 1 (0] 25-4/25-7
TRST Test reset JTAG — 1 | 25-5/25-8
TSEC_1588_CLK |IEEE 1588 clock IEEE 1588 — 1 | 14-2/14-10
TSEC_1588_ IEEE 1588 clock out IEEE 1588 cfg_ddr_pll2 1 0] 14-2/14-10
CLK_OUT
TSEC_1588_ IEEE 1588 pulse out 1 IEEE 1588 cfg_srds2_prtcl2 1 (0] 14-2/14-10
PULSE_OUT1
TSEC_1588_ IEEE 1588 pulse out 2 IEEE 1588 cfg_srds2_ref_clk1 1 (0] 14-2/14-10
PULSE_OUT2
TSEC_1588_ IEEE 1588 trigger in IEEE 1588 2 | 14-2/14-10
TRIG_IN[0:1]
TSEC_1588_ IEEE 1588 alarm out IEEE 1588 cfg_ddr_pll[0:1] 2 0] 14-2/14-10
TRIG_OUT[0:1]
TSEC1_COL TSECH1 collision detect eTSEC1 FIFO1_TX_FC 1 | 14-2/14-10
TSEC1_CRS TSECH1 carrier sense eTSECH1 FIFO1_RX_FC 1 1/0 14-2/14-10
TSEC1_GTX_CLK | TSECH1 transmit clock out eTSECH1 _ 1 (0] 14-2/14-10
TSEC1_RX_CLK |TSECH1 receive clock eTSEC1 FIFO1_RX_CLK 1 I 14-2/14-10
TSEC1_RX_DV | TSECH1 receive data valid eTSEC1 FIFO1_RX_DV 1 | 14-2/14-10
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Table 3-2. MPC8536E Alphabetical Signal Reference (continued)

i Functional . No. of Table/
Name Description Block Alternate Function(s) Signals 1/0 Page
TSEC1_RX_ER | TSECH1 receiver error eTSECH1 FIFO1_RX_ER 1 | 14-2/14-10
TSEC1_RXD[7:0] | TSEC1 receive data eTSECH1 FIFO1_RXDI[7:0] 8 | 14-2/14-10
TSEC1_TX_CLK |TSECH1 transmit clock in eTSECH1 FIFO1_TX_CLK 1 I 14-2/14-10
TSEC1_TX_EN |TSECH1 transmit enable eTSECH1 FIFO1_TX_EN 1 (0] 14-2/14-10
TSEC1_TX_ER |TSECH1 transmit error eTSECH1 FIFO1_TX_ER/ 1 (0] 14-2/14-10
cfg_tsec1_reduce
TSEC1_TXD[1:0] | TSEC1 transmit data 1 eTSEC1 FIFO1_TXD1/ 2 (0] 14-2/14-10
cfg_tsec1_prtcl[1:0]
TSEC1_TXD[7:4] | TSEC1 transmit data 7-4 eTSECH1 FIFO1_TXD[7:4)/ 4 (0] 14-2/14-10
cfg_rom_loc[0:3]
TSEC1_TXD2 TSEC1 transmit data 2 eTSEC1 FIFO1_TXD2/ 1 (0] 14-2/14-10
cfg_srds2_prtclO
TSEC1_TXD3 TSEC1 transmit data 3 eTSEC1 FIFO1_TXD3/ 1 (0] 14-2/14-10
cfg_eng_use1
TSEC3_COL TSECS3 collision detect eTSEC3 FIFO3_TX_FC 1 | 14-2/14-10
TSEC3_CRS TSECS3 carrier sense eTSECS3 FIFO3_RX_FC 1 1/0 14-2/14-10
TSEC3_GTX_CLK | TSECS transmit clock out eTSEC3 — 1 0] 14-2/14-10
TSEC3_RX_CLK | TSECS receive clock eTSECS3 FIFO3_RX_CLK 1 I 14-2/14-10
TSEC3_RX_DV | TSECS3 receive data valid eTSEC3 FIFO3_RX_DV 1 | 14-2/14-10
TSEC3_RX_ER | TSECS3 receive error eTSECS3 FIFO3_RX_ER 1 | 14-2/14-10
TSECS3_RXD[7:0] | TSEC3 receive data 7-0 eTSEC3 FIFO3_RXDI[7:0] 8 I 14-2/14-10
TSEC3_TX_CLK | TSECS transmit clock in eTSECS3 FIFO3_TX_CLK 1 I 14-2/14-10
TSEC3_TX_EN | TSECS3 transmit enable eTSEC3 FIFO3_TX_EN 1 (0] 14-2/14-10
TSEC3_TX_ER | TSECS3 transmit error eTSEC3 FIFO3_TX_ER/ 1 (0] 14-2/14-10
cfg_tsec3_reduce
TSEC3_TXD[1:0] | TSECS transmit data 1-0 eTSEC3 FIFO3_TXD[1:0)/ 2 (0] 14-2/14-10
cfg_tsec3_prtcl[1:0]
TSEC3_TXD[6:4] | TSECS transmit data [6:4] eTSEC3 FIFO3_TXD[6:4)/ 3 (0] 14-2/14-10
cfg_io_ports[0:2]
TSEC3_TXD2 TSEC3 transmit data 2 eTSECS3 FIFO3_TXD2/ 1 (0] 14-2/14-10
cfg_srds2_prtcl1
TSEC3_TXD3 TSEC3 transmit data 3 eTSECS3 FIFO3_TXD3/ 1 (0] 14-2/14-10
cfg_srds2_ref_clkO
TSEC3_TXD7 TSEC3 transmit data 7 eTSECS3 FIFO3_TXD7/ 1 (0] 14-2/14-10
cfg_eng_use2
UART_CTS[0:1] |DUART clear to send Dual UART — 2 | 12-1/12-3
UART_RTS[0:1] | DUART ready to send Dual UART — 2 (0] 12-1/12-3
UART_SIN[0:1] | DUART serial data in Dual UART — 2 | 12-1/12-3
UART_SOUT[0:1] | DUART serial data out Dual UART — 2 (0] 12-1/12-3
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Table 3-2. MPC8536E Alphabetical Signal Reference (continued)

Name Description Fu;(l:(t)i((:)knal Alternate Function(s) S'\il;ﬁ:lfs 1/0 T:;;:/
UDE Unconditional debug event PIC — 1 | 9-3/9-8

USB1_CLK USB1 clock USBH1 — 1 | 21-1/21-3
USB1_D[7:0] USB1 data USBH1 — 8 1/0 21-1/21-3
USB1_DIR USB1 data USBH1 — 1 | 21-1/21-3
USB1_NXT USB1 next data USBH1 — 1 | 21-1/21-3
USB1_PCTLO USBH1 port control 0 USB1 GPIO6 1 (0] 21-1/21-3
USB1_PCTLA1 USBH1 port control 1 USB1 GPIO7 1 (0] 21-1/21-3
USB1_PWRFAULT | USB1 power fault USBH1 — 1 | 21-1/21-3
USB1_STP USB1 stop USB1 cfg_pci_clk 1 0] 21-1/21-3
USB2_CLK USB2 clock USB2 — 1 | 21-1/21-3
USB2_D[7:0] USB2 data USB2 — 8 1/0 21-1/21-3
USB2_DIR USB2 data USB2 — 1 | 21-1/21-3
USB2_NXT USB2 next data USB2 — 1 | 21-1/21-3
USB2_PCTLO USB2 port control 0 USB2 GPIO8 1 (0] 21-1/21-3
USB2_PCTLA1 USB2 port control 1 USB2 GPIO9 1 (0] 21-1/21-3
USB2_PWRFAULT | USB2 power fault USB2 — 1 | 21-1/21-3
USB2_STP USB2 stop usB2 cfg_pci_speed 1 0] 21-1/21-3
USB3_CLK USBS3 clock usB3 — 1 I 21-1/21-3
USB3_D[7:0] USBS3 data USB3 — 8 I/0 21-1/21-3
USB3_DIR USBS3 data usB3 — 1 I 21-1/21-3
USB3_NXT USBS3 next data USB3 — 1 | 21-1/21-3
USB3_STP USBS stop USB3 — 1 ] 21-1/21-3

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 MPC8536E 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 functiona 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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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 MPC8536E I ntegrated Processor Hardware Specifications.

Note that the multiplexing of various signals on the MPC8536E is controlled by the PMUXCR register
described in Chapter 23, “Global Utilities.”

Table 3-3. MPC8536E Reset Configuration Signals

Functional Interface

Functional Signal Name

Reset Configuration

Default

Name
PCI PCI_GNT1 cfg_pci_impd 1
PCI_GNT2 cfg_pci_arb 1
Ethernet Management EC_MDC cfg_eng_use0 1

eTSEC1 TSEC1_TXDJ[7:4] cfg_rom_loc[0:3] 1111
TSEC1_TXD3 cfg_eng_use1 1
TSEC1_TXD2 cfg_srds2_priclO
TSEC1_TXD[1:0] cfg_tsec1_prtcl[1:0] 11
TSEC1_TX_ER cfg_tsec1_reduce

eTSEC3 TSEC3_TXD7 cfg_eng_use2 1
TSEC3_TXD[6:4] cfg_io_ports[0:2] 111
TSEC3_TXD3 cfg_srds2_ref_clkO
TSEC3_TXD2 cfg_srds2_prtcl1 1
TSEC3_TXD[1:0] cfg_tsec3_prtcl[1:0] 11
TSEC3_TX_ER cfg_tsec3_reduce 1

IEEE 1588 TSEC_1588_TRIG_OUTI[0:1] cfg_ddr_plI[0:1]

TSEC_1588_CLK_OUT

cfg_ddr_pli2

TSEC_1588_PULSE_OUT1

cfg_srds2_prtcl2

TSEC_1588_PULSE_OUT2

cfg_srds2_ref_clk1

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1

3-16

Freescale Semiconductor



Table 3-3. MPC8536E Reset Configuration Signals (continued)

Signal Descriptions

Functional Interface Functional Signal Name Reset C';)anr::guration Default
eLBC 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
LWEO/LBS0/LFWE cfg_core_speed 1
LWE[1:3)/LBS[1:3] cfg_host_agt[0:2] 111
LBCTL cfg_core_pllO Must be driven
LALE cfg_core_plli1 Must be driven
LGPLO/LFCLE cfg_dram_type 1
LGPL1/LFALE cfg_sys_speed 1
LGPL2/LOE/LFRE cfg_core_pll2 Must be driven
LGPL3/ LFWP cfg_boot_seq0 1
LGPL5 cfg_boot_seq1 1

Debug MSRCIDO cfg_mem_debug 1
MSRCID1 cfg_ddr_debug 1

USB1 USB1_STP cfg_pci_clk 1

UsB2 USB2_STP cfg_pci_speed 1

3.3  Output Signal States During Reset

When asystem reset is recognized (HRESET is asserted), the MPC8536E 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 MPC8536E ignores most input signal's (except for reset configuration signals) and drives
most output-only signalsto an inactive state. Table 3-4 shows the states of the output-only signals (signals

that are not multiplexed with other inputs or are not used as reset configuration signals during system

reset).
Table 3-4. Output Signal States During System Reset
Interface Signal State During Reset
DDR Memory MA[15:0] High-Z
DDR Memory MPAR_OUT High-Z
DDR Memory MBA[2:0] High-Z
DDR Memory MCAS High-Z
DDR Memory MCKJO0:5] Driven Low
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Table 3-4. Output Signal States During System Reset (continued)

Interface Signal State During Reset
DDR Memory MCK][0:5] Driven High
DDR Memory MCKE[0:3] Driven Low
DDR Memory MCS[0:3] High-Z
DDR Memory MDMI[0:8] High-Z
DDR Memory MODT[0:3] Driven Low
DDR Memory MRAS High-Z
DDR Memory MWE High-Z

Dual UART UART_RTS|0:1] High-Z
eSDHC SDHC_CLK High-Z
TSECH TSEC1_GTX_CLK High-Z
TSECH TSEC1_TX_EN High-Z
TSEC3 TSEC3_GTX_CLK High-Z
TSEC3 TSEC3_TX_EN High-Z

elLBC LCLK[0:2] High-Z
eLBC LCS[0:4] High-Z
eLBC/DMA LCS6/DMA_DACK2 High-Z
eLBC/DMA LCS7/DMA_DDONE2 High-Z
elLBC LSYNC_OUT High-Z

PCI Express 1

SD1_TX[3:0], SD1_TX[3:0]

Indeterminate (no default)

PCI Express 1/
PCI Express 2

SD1_TX[5:4], SD1_TX[5:4]

Indeterminate (no default)

PCI Express 1/
PCI Express 2/
PCI Express 3

SD1_TX[7:6], SD1_TX[7:6]

Indeterminate (no default)

PIC IRQ_OUT High-Z
SATA/SGMII SD2_TX[1:0], SD2_TX[1:0] Indeterminate (no default)
SPI SPI_CLK Driven Low
USB3 USB3_STP High-Z
Clock CLK_OUT High-Z
Debug MDVAL Input—reset config (test only)
Debug MSRCID[2:4] Input—reset config (test only)
Debug TRIG_OUT/READY/ QUIESCE | Input—reset config (test only)
JTAG TDO High-Z
Power management ASLEEP Input—reset config (test only)
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Table 3-4. Output Signal States During System Reset (continued)

Signal Descriptions

Interface Signal State During Reset
Power management POWER_EN Driven High
System Control CKSTP_OUT High-Z
System Control HRESET_REQ Input—reset config (test only)
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Chapter 4
Reset, Clocking, and Initialization

This chapter describes the reset, clocking, and some overall initialization of the MPC8536E, 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 device operation. 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 | |Soft reset input. Causes mcp assertion to the core 4.4.1.1/4-8
READY O |The MPC8536E 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 MPC8536E 4.4.4.1/4-24
DDRCLK I [Clock input to the MPC8536E that sources the DDR controller complex PLL 4.4.4.1/4-24
RTC | |Real time clock input 4.4.4.4/4-26
SD_REF_CLK/ | |SERDES high-speed interface reference clock 4.4.4.2/4-25
SD_REF_CLK
SD2_REF_CLK/ | | |Second SERDES high-speed interface reference clock 4.4.4.2/4-25
SD2_REF_CLK

The following sections describe the reset and clock signalsin detail.
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Reset, Clocking, and Initialization

4.2.1 System Control Signals

Table 4-2 describes some of the system control signals of the MPC8536E. 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 23, “Global Utilities.”

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

Signal /0 Description

HRESET | |Hard reset. Causes the MPC8536E 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 device signals during
reset.

Timing|Assertion/Negation—The MPC8536E 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 MPC8536E 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 25, “Debug Features and Watchpoint
Facility,” for more information on TOSR and TRIG_OUT.

State | Asserted—Indicates that the MPC8536E has 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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4.2.2 Clock Signals

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

Notethat thereisalso a CLK_OUT signal; the signal driven on the CLK_OUT pin is selectable and
described in Section 23.4.1.25, “ Clock Out Control Register (CLKOCR).”

Table 4-3. Clock Signhals—Detailed Signal Descriptions

Signal [l/O Description

SYSCLK| | |System clock/PCI clock (SYSCLK/PCI_CLK). SYSCLK is the primary clock input to the MPC8536E. It is the clock
source for the 500 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
device is in agent or host mode. The MPC8536E does not provide a separate PCI_CLK output in host mode.

Timing|Assertion/Negation—See the MPC8536E Integrated Processor Hardware Specifications for specific
timing information for this signal.

DDRCLK| | |DDR controller complex clock (DDRCLK). DDRCLK is the clock source for the DDR memory controller complex
except in the case where synchronous mode of operation is selected (see Section 4.4.3.3, “DDR PLL Ratio
Configuration”). This clock input is multipled up with a phased-lock loop (PLL) to create the DDR controller complex
clock. The DDR memory controller complex clock is the DDR data rate on the external interface unless the given
controller is configured to run in half speed (see Section 23.4.1.24, “DDR Clock Disable Register (DDRCLKDR)”).

Timing|Assertion/Negation—See the MPC8536E Integrated Processor Hardware Specifications for specific
timing information for this signal.

RTC I |Real time clock. May be used (optionally) to clock the time base of the €500 core. The RTC timing specifications
are given in the MPC8536E 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 MPC8536E Integrated Processor Hardware Specifications for specific
timing information for this signal.

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.
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4.3.1 Local Configuration Control

Table 4-4 shows the memory map for local configuration control registers.

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
status registers occupies a 1-Mbyte region of memory. Their location is programmable using the CCSR
base address register (CCSRBAR). The default base address for the configuration, control, and status
registersisOxFF70_0000 (CCSRBAR = 0x000F_F700). CCSRBAR itself ispart of thelocal access block
of CCSR memory, which begins at offset 0xO from CCSRBAR. Because CCSRBAR is at offset 0x0 from
the beginning of thelocal accessregisters, CCSRBAR aways pointsto itself. The contents of CCSRBAR
are broadcast internally in the MPC8536E to all functional unitsthat 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
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 coreis initializing 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 accessesto configuration space to complete.

— Write the new value to CCSRBAR.
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— Perform aload of an addressthat does not access configuration space or theon-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 Registers 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 Registers 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 36-bit window used for configuration accesses.
The base address is aligned on a 1-Mbyte boundary.

24-31 — Write reserved, read = 0

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 access windows
uses a different target mapping for the address specified in ALTCBAR.
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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.
Like CCSRBAR, this alternate window has a fixed size of 1 Mbyte.

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 ‘ 6 7 ‘ 11[12 31
R
EN — TRGT_ID —
w
Reset All zeros

Figure 4-3. Alternate Configuration Attribute Register (ALTCAR)
Table 4-7 defines ALTCAR fields.
Table 4-7. ALTCAR Bit Settings

Bits Name Description

0 EN Enable 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.

1-6 — Write reserved, read = 0
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Table 4-7. ALTCAR Bit Settings (continued)

Bits Name Description

7-11 | TRGT_ID |Identifies the device ID to target when a transaction hits in the 1-Mbyte address range defined by the
second configuration window.

00000 PCI Interface 00101-01011 Reserved

00001 PCI Express 2 01000 Configuration, control, status registers

00010 PCI Express 1 01001-01110 Reserved

00011 PCI Express 3 01111 Local memory—DDR SDRAM and on-chip SRAM

00100 Local bus controller

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 a burst read of boot code from effective address 0Ox0_FFFF_FFEQ. For
systems in which the boot code resides at a different address, the MPC8536E 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 device is configured to be in boot holdoff mode. If translation isto be performed to
apage outside the default boot ROM address range defined in the MPC8536E (8 Mbytes at
0x0_FF80_0000 to 0x0_FFFF_FFFF as defined in Section 4.4.3.6, “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 pins as described in Section 4.4.3.11, “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 PC8536E, the POR configurations, and the clocking
on the device.

4.4.1 Reset Operations
The MPC8536E 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 PowerPC €500 Core Complex
Reference Manual for more information on the machine check interrupt and Section 23.4.1.16, “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 device 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 MPC8536E 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 23.4.1.22, “ Reset Control Register (RSTCR).”

4.4.2

Power-On Reset Sequence

The POR sequence for the MPC8536E is as follows:

1.

10.

Power is applied to meet the specifications in the MPC8536E Integrated Processor Hardware
Specifications.

The system asserts HRESET 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).

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

System negates HRESET 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.

MPCB8536E enables I/O drivers.

The MPCB8536E 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).

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

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.

When PLL locking is completed, the local bus FCM isreleased provided NAND Fashis
configured as the boot device, as described in Section 4.4.3.6, “Boot ROM Location.” Once the
FCM finishes loading the pages from the NAND Flash device, the boot sequencer, if enabled, is
allowed to progress, causing it to load configuration data from serial ROMs on the 12C1 interface,
as described in Section 11.4.5, “Boot Sequencer Mode.”
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11. When the local bus FCM and boot sequencer complete, the PCl Express interfaces begin training,
the PCI and PCI Express interfaces are released to accept external requests, and the boot vector
fetched by the €500 core is allowed to proceed unless processor booting isfurther held off by POR
configuration inputs as described in Section 4.4.3.10, “ CPU Boot Configuration.” The M PC8536E
iIsnow in itsready 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 25.3.4.1, “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 25.3.4, “ Trigger Out Function.” For more
information about power management states, see Section 23.4.1, “Register Descriptions.”

More information on system booting is given later in this chapter. See Section 4.5.1, “ System Boot.”
Figure 4-5 shows atiming diagram of the POR sequence.

! Multiplexed with TRIG_OUT.

FRESET —\ I
svsu W, TN L TG T LT
TRESET? \ / — /
SRESET | — — 7

PLL Configs X

PORConfigsi ‘ X | | | | |

Figure 4-5. Power-On Reset Sequence
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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.

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 MPC8536E Integrated Processor Hardware
Soecifications 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 23, “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 (PORDBGMSR)
» 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 MPCB8536E. The platform clock, also called the CCB clock, drivesthe L2
cache, the DDR SDRAM data rate, and the e500 core complex bus (CCB). 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 valueslatched on these signals during POR are
accessible in the PORPLL SR (POR PLL status register), as described in Section 23.4.1.1, “POR PLL
Status Register (PORPLLSR).”

Note that x8 PCI Expressisonly available at CCB clock rates of 527 MHz and above.
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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
Default (1111) 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 (default)

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. Note that the values latched on
these signals during POR are accessible through the memory-mapped PORPLLSR, as described in
Section 23.4.1.1, “POR PLL Status Register (PORPLLSR),” and also in the €500 core HID1 register, as
described in the PowerPC €500 Core Family Reference Manual and in Section 5.3, “ Summary of Core

Integratation Details.”

Table 4-10. e500 Core Clock PLL Ratios

Functional Signals

LBCTL, LALE, LGPL2/LOE/LFRE

Default (111)

Reset Configuration Name | Value (Binary) e500 Core: CCB ClockRatio
cfg_core_pll[0:2] 000 4:1
001 9:2(4.5:1)
010 Reserved
011 3:2(1.5:1)
100 2:1
101 5:2(2.5:1)
110 3:1
111 7 :2 (3.5 : 1) (default)
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4.4.3.3 DDR PLL Ratio Configuration

The DDR PLL inputs, shown in Table 4-11, establish the clock ratio between the DDRCLK input and the
DDR complex clock. The DDR complex clock drivesthe DDR datarate, whichis 2 timestherate at which
commands are issued on the DDR interface.

This DDR complex clock domain is asynchronous to the platform clock or CCB clock domain, and is
sourced from aseparate PLL than therest of the platform, unlessthe DDR PLL encoding for synchronous
mode operation is selected. When synchronous mode is selected, the DDR complex is driven by the CCB
clock, which becomes the DDR data rate.

There is no default value for this PLL ratio; these signals must be pulled to the desired values. Note that
the encoded values latched on these signals during POR—and not the actual values on the pins—are
accessible in the PORPLL SR (POR PLL status register), as described in Section 23.4.1.1, “POR PLL
Status Register (PORPLLSR).”

Table 4-11. DDR Complex Clock PLL Ratios

Functional Signals Reset Configuration Name | Value (Binary) | DDR Complex Clock: DDR Clock Ratio
TSEC_1588_TRIG_OUT[0:1], cfg_ddr_pll[0:2] 000 3:1
TSEC_1588_CLK_OUT 001 41
010 6:1
No Default 011 8:1
100 10:1
101 12:1
110 Reserved
111 Synchronous mode

4.4.3.4 System Speed Configuration

The SY SCLK speed configuration inputs, shown in Table 4-12 configure internal logic for proper
operation with the SY SCLK clock frequencies in use. The default setting is appropriate for SY SCLK
operating above 66 MHz; for low speed operation (SY SCLK at or below 66 MHz) this POR configuration
input should be low during HRESET. If this configuration is not set properly, behavior of the system may
be unreliable. Note that the value latched on this signal during POR is accessible through the
memory-mapped PORDEV SR, described inSection 23.4.1.4, “ POR Device Status Register
(PORDEVSR).”

Table 4-12. System Speed Configuration

Functional |Reset Configuration| Value

Signal Name (Binary) Meaning

LGPL1/LFALE cfg_sys_speed 0 SYSCLK frequency at or below 66 MHz
1 SYSCLK frequency above 66 MHz

Default (1)
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44.3.5 Core Speed Configuration

The core speed configuration inputs, shown in Table 4-13 configure internal logic for proper operation
with the core clock frequencies in use. The default setting is appropriate for the core operating above
800 MHz; for low-speed operation (core at or below 800 MHz) this POR configuration input should be
low during HRESET. If this configuration is not set properly, behavior of the system may be unreliable.
Note that the value latched on this signal during POR is accessible through the memory-mapped
PORDEV SR, described in Section 23.4.1.4, “POR Device Status Register (PORDEV SR).”

Table 4-13. Core Speed Configuration

Functional Reset Configuration | Value Meanin
Signal Name (Binary) 9
LWEO/LBSO/LFWE cfg_core_speed 0 Core frequency at or below 800 MHz
Default (1) 1 Core frequency above 800 MHz

4.4.3.6 Boot ROM Location

The device defines the default boot ROM address range to be 8 Mbytes at address 0x0_FF80_0000 to
0x0_FFFF_FFFF. However, which periphera interface handles these boot ROM accesses can be selected
at power on.

The boot ROM location inputs, shown in Table 4-14, 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.

Boot from eSPI or SD/MMC is supported by the MPC8536E using an on-chip ROM which contains the
basic eSPl or eSDHC device driver and the code to perform block copy from eSPI EEPROM or SD/IMMC
card to DDR memory. Selecting on-chip ROM in boot ROM location will cause the €500 CPU to fetch
data from the on-chip ROM.
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Table 4-14. Boot ROM Location

Value

Functional Signals |Reset Configuration Name (Binary) Meaning
TSEC1_TXDI[7:4] cfg_rom_loc[0:3] 0000 |PCI
0001 |PCI Express 1
Default (1111) 0010 |PCI Express 2

0011 |PCI Express 3

0100 |DDR controller

0101 |Reserved

0110 |On-chip boot ROM eSPI configuration

0111 |On-chip boot ROM eSDHC configuration

1000 |Local bus FCM—S8-bit NAND Flash small page ECC enabled
1001 |Local bus FCM—38-bit NAND Flash small page ECC disabled
1010 |Local bus FCM—S8-bit NAND Flash large page ECC enabled
1011 |Local bus FCM—S8-bit NAND Flash large page ECC disabled
1100 |Reserved

1101 |Local bus GPCM—8-bit ROM

1110 |Local bus GPCM—16-bit ROM

1111 |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 23.4.1.2, “POR Boot Mode Status
Register (PORBMSR).”

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.

4.4.3.7 Host/Agent Configuration

The host/agent reset configuration inputs, shown in Table 4-15, configure the MPC8536E to act as a host
or as an agent of amaster on another interface. In host mode, the device isimmediately enabled to master
transactions to the PCI interface. If the device is an agent on the PCI or PCI Express interfaces, then the
device is disabled from mastering transactions on that interface until the external host enablesit to do so.
The external host does this by setting the control registers of the MPC8536E’s interfaces appropriately.
See detailsin the PCI and PCl Express, programming models described in Chapter 16, “PCIl Bus
Interface,” and Chapter 17, “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 23.4.1.2, “POR Boot Mode Status
Register (PORBMSR).”
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Table 4-15. Host/Agent Configuration

Functional Signals Reset Configuration V_alue Meaning
Name (Binary)
LWE[1:3)/LBS[1:3] cfg_host_agt[0:2] 000 |Reserved
001 MPCB8536E 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 MPCB8536E 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 MPCB8536E acts as an endpoint on PCI Express 1 interface. It acts as
the host/root complex for all other PCI/PCI Express interfaces.
110 |MPCB8536E acts as an agent of an external host on its PCI interface.

It acts as a root complex for all PCI Express interfaces.

111

MPCB8536E acts as the host processor/root complex on all interfaces
(default).

4.4.3.8 SerDes1 1/0 Port Selection

The device can be configured with different 1/O ports active on SerDesl. Table 4-16 shows the
configuration of 1/0 ports and bit rates (and required reference clocks) that are possible for SerDesl

interfaces.
Table 4-16. SerDes1 1/0O Port Selection
Functional . . Value .
Signal Reset Configuration Name (Binary) Meaning

TSEC3_TXD[6:4]

Default (111)

cfg_io_ports[0:2]

000 |Reserved

001 |All 3 PCI Express ports powered down

010 |PCI Express 1 (x4) (2.5Gbps) — SerDes1 Lanes A-D

SerDes1 Lanes E—H powered down

011 |PCl Express 1 (x8) (2.5Gbps) — SerDes1 Lanes A-H'

100 |Reserved

101 |PCI Express 1 (x4) (2.5 Gbps) — SerDes1 Lanes A-D

PCI Express 2 (x4) (2.5 Gbps) — SerDes1 Lanes E-H

110 |Reserved

111 |PCI Express 1 (x4) (2.5 Gbps) — SerDes1 Lanes A-D

PCI Express 2 (x2) (2.5 Gbps) — SerDes1 Lanes E-F
PCI Express 3 (x2) (2.5 Gbps) — SerDes1 Lanes G-H

1

x8 PCI Express is only available at CCB (platform) speeds of 527 MHz or greater.
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SerDes2 1/0 Port Selection

The device can be configured with different 1/O ports active on SerDes2. Table 4-17 shows the
configuration of 1/0 ports and bit rates (and required reference clocks) that are possible for SerDes2

interfaces.
NOTE
Any disabled SATA controller(s) will have their respective bit(s) set in
DEVDISR (seeSection 23.4.1.10, “ Device Disable Register (DEVDISR)"),
and therefore cannot respond to configuration accesses, as described in
Section 23.5.1.5, “ Shutting Down Unused Blocks.”
Table 4-17. SerDes2 I/O Port Selection
Functional |Reset Configuration| Value Meanin
Signal Name (Binary) eaning
TSEC1_TXD2, | cfg_srds2_prtcl[0:2] 000 Reserved
TTSSEE%?’—IXDZ 001  |SATA1 - SerDes2 Lane A.
oS Sﬁ% SATA2 —> SerDes2 Lane B.
- eTSEC1 and eTSEC3 Ethernet interface uses parallel interface according
to POR config inputs cfg_tsec1_prtcl and cfg_tsec3_pricl.
Default (111) 010 Reserved
011 SATA1 — SerDes2 Lane A.
SATAZ2 disabled.
eTSEC1 and eTSEC3 Ethernet interface uses parallel interface according
to POR config inputs cfg_tsec1_prtcl and cfg_tsec3_pricl.
SerDes2 Lane B disabled.
100 SATA1 and SATA2 disabled.
eTSEC1 SGMII (1.25 Gbps)— SerDes2 Lane A.
eTSEC3 SGMII (1.25 Gbps) — SerDes2 Lane B.
POR config inputs cfg_tsec1_prtcl and cfg_tsec3_prtcl should be left in
their default settings.
101 Reserved
110 SATA1 and SATA2 disabled.

eTSEC1 SGMII (1.25 Gbps) — SerDes2 Lane A (POR config input
cfg_tsec1_prtcl should be left in its default setting)

eTSECS3 parallel mode Ethernet interface (according to cfg_tsec3_prtcl).
SerDes2 Lane B disabled

111

SATA1 and SATA2 disabled.

eTSEC1 and eTSEC3 Ethernet interface uses parallel interface according
to POR config inputs cfg_tsec1_prtcl and cfg_tsec3_pricl.

SerDes2 disabled

4.4.3.10 CPU Boot Configuration

The CPU boot configuration input, shown in Table 4-18, 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 7.2.1.2,“ECM CCB Port Configuration

Register (EEBPCR),” for more information.
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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 23.4.1.2, “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 16.3.2.19, “PCI Bus Function Register (PBFR).”) and the PCI Express Configuration Ready
Register (See Section 17.3.10.18, “Configuration Ready Register—0x4B0.”).

Table 4-18. CPU Boot Configuration
Functional Reset Configuration Value Meanin
Signal Name (Binary) 9
LA27 cfg_cpu_boot 0 CPU boot holdoff mode. The €500 core is prevented from booting until
configured by an external master.
Default (1) - - — - -
1 The €500 core is allowed to boot without waiting for configuration by an
external master (default).

4.4.3.11 Boot Sequencer Configuration

The boot sequencer configuration options, shown in Table 4-19, alow the boot sequencer to load
configuration datafrom the serial ROM located on the 1%C1 port before the host tries to configure the
MPCB8536E. 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 23.4.1.2, “POR Boot Mode Status

Register (PORBMSR).”
Table 4-19. Boot Sequencer Configuration
Fun_ctional Reset Configuration V_alue Meaning
Signal Name (Binary)
LGPL3/LFWP, cfg_boot_seq[0:1] 00 |Reserved
LGPLS 01 Normal 12C addressing mode is used. Boot sequencer is enabled and

Default (11)

loads configuration information from a ROM on the I2C interface. A valid
ROM must be present.

10

Extended I1°C 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 I°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 4.4.3.10, “CPU Boot Configuration.”
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4.4.3.12 DDR SDRAM Type

DDR3 requires a different voltage level from DDR2. Table 4-20 describes the configuration of the DDR
SDRAM type.

Table 4-20. DDR DRAM Type

Functional Reset Configuration Value Meanin
Signal Name (Binary) 9
LGPLO/LFCLE cfg_dram_type 0 DDR3
1.5V, CKE low at reset
Default (1) ] DDR2
1.8 V, CKE low at reset (default)

4.4.3.13 Serdes 2 Reference Clock Configuration

Three options are available for the frequency of the input SerDes2 reference clock: either a100-MHz,
125-MHz, or 150-MHz LVDS differential clock.

Thisone clock is applied to an internal PLL whose output creates the clock used by al SGMII/SATA
SerDes lanes. Theresult is aways a 1.25-Gbaud transmission/receive rate on each lane when used for
SGMII, and 1.5-Gbaud or 3.0-Gbaud when used for SATA. Note that the value latched on this signal
during POR is accessible through the memory-mapped Section 23.4.1.6, “POR Device Status Register 2
(PORDEVSR2).”

Table 4-21. Serdes 2 Reference Clock Configuration

Functional Reset Configuration | Value Meanin
Signal Name (Binary) 9
TSEC3_TXDS3, |cfg_srds2_ref _clk[0:1] 00 Reserved
TSEC_1588_ " .
PULSE_OUT?2 01 When configured for SATA: SerDes2 expects a 150-MHz reference clock
frequency.
This should not be used for when SerDes2 is configured for SGMII.
Default (11) 10  |SerDes2 expects a 125-MHz reference clock frequency for either SATA or
SGMII functionality.
11 SerDes 2 expects a 100-MHz reference clock frequency for either SATA
or SGMII functionality (default).
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4.4.3.14 eTSEC1 width

The eTSEC width input, shown in Table 4-22, selects standard versus reduced width for three-speed
Ethernet controller interface 1. Note that the value latched on thissignal during POR is accessible through
the memory-mapped PORDEV SR (POR device status register) described in Section 23.4.1.4, “POR
Device Status Register (PORDEV SR).”

Table 4-22. eTSEC1 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 or
RMII.
Default (1) 1 eTSECH1 interface operates in standard width TBI, GMII, MIl, or in 8-bit
FIFO mode. (default)

Thisinput does not affect the width of the eTSEC1 FIFO interface, which is always an 8-bit FIFO
interface.

4.4.3.15 eTSEC3 Width

The eTSEC3 width input, shown in Table 4-23, 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 23.4.1.4, “POR
Device Status Register (PORDEV SR).”

Table 4-23. eTSEC3 Width Configuration

Functional Reset Configuration| Value Meaning
Signal Name (Binary)
TSEC3_TX_ER cfg_tsec3_reduce 0 eTSECS3 Ethernet interface operates in reduced mode, either RTBI, RGMII
or RMII.
Default (1) . . .
1 eTSEC3 Ethernet interface operates in standard TBI, GMII, MIl, or 8-bit
FIFO mode (default).

The value of this configuration setting does not affect the width of the FIFO interface on eT SEC3, which
isaways 8 hits.
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4.4.3.16 eTSEC1 Protocol

The eTSEC1 protocol inputs, shown in Table 4-24, select the protocol (FIFO, MII, GMII or TBI) used by
the eTSECL 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 23.4.1.4, “POR Device
Status Register (PORDEV SR).”

Table 4-24. 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 4.4.3.14, “eTSEC1
width”).

10 The eTSEC1 controller operates using the GMII protocol (or RGMII if
configured in reduced mode as described in Section 4.4.3.14, “eTSEC1
width”).

11 The eTSEC1 controller operates using the TBI protocol (or RTBI if
configured in reduced mode as described in Section 4.4.3.14, “eTSEC1
width”) (default).

4.4.3.17 eTSEC3 Protocol

The eTSEC3 protocol inputs, shown in Table 4-25, 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 23.4.1.4, “POR Device
Status Register (PORDEV SR).”

Table 4-25. eTSEC3 Protocol Configuration

Reset Configuration | Value

Functional Signal Meaning

Name (Binary)
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 Ml protocol (or RMII if
configured in reduced mode as described in Section 4.4.3.15, “eTSEC3
Width”)

10 The eTSECS3 controller operates using the GMII protocol (or RGMII if
configured in reduced mode as described in Section 4.4.3.15, “eTSEC3
Width”).

11 The eTSECS3 controller operates using the TBI protocol (or RTBI if
configured in reduced mode as described in Section 4.4.3.15, “eTSEC3
Width”) (default).
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4.4.3.18 PCI Clock Selection

The PCI clock sourceinputs, shown in Table 4-26, specify the clock mode (synchronous or asynchronous)
for the PCI interface. See Section Section 4.4.4.1, “ System Clock/PCI Clock/DDR Clock” for more
information. 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 23.4.1.4, “POR Device
Status Register (PORDEV SR).”

Table 4-26. PCI Clock Select

Functional |Reset Configuration| Value Meanin

Signal Name (Binary) 9
USB1_STP cfg_pci_clk 0 Asynchronous mode. PCI_CLK is used as the clock for the PCl interface
Default (1) 1 Synchronous mode. SYSCLK is used as the clock for the PCl interface (default).

4.4.3.19 PCI Speed Configuration

The PCI speed configuration input, shown in Table 4-27, configuresinternal logic for proper operation
with the PCI clock frequenciesin use. The default setting is appropriate for PCl 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 23.4.1.4, “POR Device Status Register (PORDEV SR).”

Table 4-27. PCI Speed Configuration

. . - . Value .
Functional Signal|Reset Configuration Name (Binary) Meaning
USB2_STP cfg_pci_speed 0 PCI frequency at or below 33 MHz
Default (1) 1 PCI frequency above 33 MHz (default)

4.4.3.20 PCII/O Impedance

The PCI 1/0 impedance configuration inputs, shown in Table 4-28 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 23.4.1.3, “POR 1/0O Impedance Status and Control
Register (PORIMPSCR).”

Table 4-28. PCI I/O Impedance

. . Reset Configuration Value .
Functional Signal Name (Binary) Meaning
PCI_GNTA1 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).
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4.4.3.21 PCI Arbiter Configuration

The PCI arbiter configuration inputs, shown in Table 4-29, 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 23.4.1.4, “POR Device Status Register (PORDEV SR).”

Table 4-29. PCI Arbiter Configuration

Functional | Reset Configuration | Value Meanin

Signal Name (Binary) 9
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).

4.4.3.22 Memory Debug Configuration

The memory debug configuration input, shown in Table 4-30, 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 23.4.1.5, “POR Debug Mode Status Register (PORDBGMSR).”

Table 4-30. Memory Debug Configuration

Functional | Reset Configuration Value Meanin
Signal Name (Binary) 9
MSRCIDO cfg_mem_debug 0 Debug information from the enhanced local bus controller (eLBC) is driven
on the MSRCID and MDVAL signals
Default (1) 1 Debug information from the DDR SDRAM controller is driven on the
MSRCID and MDVAL signals (default).

4.4.3.23 DDR Debug Configuration

The DDR debug configuration input, shown in Table 4-31, 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 I/O pins of the MPC8536E in this mode.

Table 4-31. DDR Debug Configuration

Functional | Reset Configuration | Value Meanin
Signal Name (Binary) 9
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 23.4.1.5, “POR Debug Mode Status
Register (PORDBGM SR).”
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4.4.3.24 General-Purpose POR Configuration

The LBC address/data bus inputs, shown in Table 4-32, configure the value of the general-purpose POR
configuration register defined in Section 23.4.1.7, “ 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 4-32. 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

4.4.3.25 Engineering Use POR Configuration

These POR configuration inputs may be used in the future to control functionality. It is advised
that boards are built with the ability to pull up or pull down these pins. Notethat the value latched
on these signals during POR are accessible through the PORDEV SR2, described in

Section 23.4.1.6, “POR Device Status Register 2 (PORDEV SR2).”

Table 4-33. Engineering Use POR Configuration

Fun_ctional Reset Configuration V_alue Meaning
Signal Name (Binary)
EC_MDC, cfg_eng_use[0:2] 000-110 |Reserved
-'II—'SSEE((:);__-‘E'))((DDP; 111 Default operation
Default (111)

4.4.4 Clocking

The following paragraphs describe the clocking within the device.

4.4.41 System Clock/PCI Clock/DDR Clock

The MPC8536E 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.

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
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operation is asynchronous with respect to SY SCLK and the platform clock. If the separate (asynchronous)
PCI_CLK clock signal is used rather than SY SCLK as the PCI clock, then this clock must be constantly
driven, even when in Deep Sleep mode, in order to avoid loss of lock.

The DDR memory controller complex may use the platform clock and thus have operation of the DDR
interface be synchronouswith the platform. Alternately, an independent clock, DDRCLK, may be multiplied
up using aseparate PLL to create a uniqgue DDR memory controller complex clock. In this case, the DDR
complex operates asynchronously with respect to the platform clock.

MPC8536E
" s0Cwe T T T T "
cfg_core_pll[0:2] 3 | !

! »| Core PLL | core_clk |

| |

L e — — — - — 1 = .

cfg_sys_pll[0:3] 6/ 1 » MCK[0:5
42 o Device pLL | -CCBCK DDR | & [0:5] DDR
> MCK][0:5] Controller
Y
SYSCLK
- LSYNC_IN
X = > LSYNC_OUT
T PLL > LCLKO LBC
» > | CLK1
PCI_CLK g re > LCLK2
Y
CCB_clk to rest
of the device
cfg_ddr_pll[0:2] 3 DDR
> Complex
PLL
]
DDRCLK

Figure 4-6. Clock Subsystem Block Diagram

44.4.2 PCI Express and SGMII Clocks

Clocksfor these high speed interfaces on the MPC8536E are derived from aPLL inthe SerDesblock. This
PLL isdriven by areferenceclock (SDn_REF_CLK/SDn_REF_CLK) whoseinput frequency isafunction
of the protocol and bit rate being used as shown in Table 4-34.

Table 4-34. 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
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For any SerDesthat is not disabled through cfg_io_ports/0:2]=001 or cfg_srds2_prtcl[0:2]=111
respectively, the applicable SDn_REF_CLK/SDn_REF_CLK must be constantly driven, even when in
Deep Sleep mode, in order to avoid loss of lock.

44.4.21 Minimum Frequency Requirements

Section 4.4.3.8, “ SerDesl /0O 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.

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

527 MHz x (PCl Express link width)
8

See Section 17.1.3.2, “Link Width,” for PCl 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, therea timeclock (RTC) input can optionally be used to clock the €500 coretimer
facilities. RTC can aso be used (optionally) by the programmable interrupt controller (PIC) global timer
facilities. The RTC is separate from the €500 core clock and isintended to support relatively low frequency
timing applications. The RTC frequency range is specified in the MPC8536E | 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 baseisthe CCB clock divided by eight. For more details, see the Power PC
€500 Core Complex Reference Manual.

Section 9.3.2.6, “ Timer Control Registers (TCRA-TCRB),” providesadditional information on the use of
the RTC signal to clock the global timersin the PIC unit.
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€500 Core HIDO | | TBEN | SEL_TBCLK

_____________________________

Core Time Base (Incrementer) 1

1
E TBU 4_{ TBL 4‘5 RTC
1

TCR[WPEXT] concatenated with th
Book E—defined TCR[WP] (WPEXTIIWP).

o ) Core Timer
Fixed-interval timer events based on one of the Facilities Clock CCB
{<7 Clock

Watchdog timer events based on one of the J
64 TB bits selected by the EIS-defineci{

64 TB bits selected by the EIS-defined
TCR[FPEXT] concatenated with the
Book E—defined TCR[FP] (FPIIFPEXT).

<

(Decrementer)

‘ DEC 47
Decrementer Event <—| A Auto-Reload
(0 = 1 Detect)

‘ DECAR ‘
32 63
Note: The logic circuits shown depict functional relationships only; they do not represent physical implementation details.

Figure 4-7. RTC and Core Timer Facilities Clocking Options

4.5 Initialization/Applications Information

4.5.1 System Boot

Selecting on-chip ROM in boot ROM location, see Table 4-14, causesthe €500 CPU to fetch datafrom the
on-chip ROM. The on-chip ROM is selected by configuring the POR config pins cfg_rom loc[0:3]. Two
different configurations are provided for boot from the on-chip ROM - boot from eSPI and from eSDHC.

4511 eSDHC Boot

451.1.1 Overview

The MPCB8536E is capable of loading initialization code from amemory device that is connected to the
eSDHC controller interface. Thisdevice can beeither aSD or MMC card or other variants compatiblewith
these devices. The term SD/MMC will be used when referring to the memory device.

Boot from eSDHC is supported by the MPC8536E using an on-chip ROM which contains the basic
eSDHC devicedriver and the code to perform block copy from SD/MMC to any target memory. Selecting
on-chip ROM in boot ROM location (see Table 4-14) causesthe €500 CPU to fetch data from the on-chip
ROM. The on-chip ROM is selected by configuring the POR config pins cfg_rom loc[ 0:3]. Prior to boot,
the user must ensure that the SD/MMC card to boot from is inserted.
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After the device has completed the reset sequence, if the ROM location selects the on-chip ROM eSDHC
Boot configuration, the €500 core starts to execute code from the internal on-chip ROM. The €500 core
configures the eSDHC controller, enabling it to communicate with the external SD/MMC card. The
SD/MMC card should contain a specific data structure with control words, device configuration
information and initialization code. The on-chip ROM boot code uses the information from the SD/MMC
card content to configure the device, and to copy the initialization code to a target memory device (for
example, the DDR) through the eSDHC interface. After al the code has been copied, the e500 core starts
to execute the code from the target memory device.

There are several different waysauser may utilisethe eSDHC boot feature. The simplest isfor the on-chip
ROM to copy an entire operating system boot image into system memory, and then jump to it to begin
execution. However, this may be many megabytes and in some situations may be sub-optimal, since only
1-bit mode is used during booting.

A more advanced option isfor the on-chip ROM to only copy a small user-customised subroutine, which
configures the eSDHC in an optimal way. The user-customised subroutine then copies the rest of the boot
code potentially much faster than the on-chip ROM software can achieve. For example, the
user-customised subroutine may utilise 4-bit or 8-bit eSDHC interfaces, or support new SD or MMC
format revisions, or increase the external clock frequency based on knowledge of the exact frequency that
the MPCB8536E is operating at.

45.1.1.2 Features

* Provides mechanism to load initialization code from the following external devices:

— SD memory cards, including the memory portion of SD Combo cards (up to and including
version 2.0)

— MMC, RSMMC and MM Cplus (up to and including version 4.0)
— SDHC cards (SD High Capacity, from 4GByte to 32GByte)
* Boot from the following devicesis not supported
— SDIO and miniSDIO cards which are not SD Combo cards and consequently have no memory
— Locked (password-protected) SD/MMC cards
— Secured Mode of SD cards (SD Card Specification Part 3: Security Specification)
» Simple data structure in SD/MMC card
» BOOT signature will be checked to validate that the SD/MMC card contains valid code
» Supports variable code length in SD/MMC card
» Flexible target memory device
» Supports target memory configuration controlled by the user

*  Only 1-bit operation is supported for boot (even if the SD/MM C card supports 4 or 8-bit paralel
access).

» Initial setting will use aseria clock below 400 kHz; the SD/MMC internal registers are read by
initialization code and parsed to determine the optimal clock frequency supported by the SD/MMC
card inserted.

» High speed cards are supported (up to S5OMHz SD and 52MHz MMC).
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» Control word will allow for user modification

* There must be precisely one device connected on the eSDHC bus. In particular, multiple MM C
devices sharing the one bus are not supported.

» Compatible with FAT12/FAT16/FAT32 SD/MMC filesystems (provided <=40 Configuration
Words are used prior to copying user’s code to system memory).

* Redundancy to support SD/MMC bad blocks, by searching for the BOOT signaturein up to 24
blocks, and trying the next block if the BOOT signatureis not found, or if aread CRC error is
found.

45113 SD/MMC Card Data Structure

The SD/MMC card should contain the initialization code length in bytes, source addressin the SD/MMC
card, destination address in the target memory device, execution starting address, and multiple
configuration words with pairs of target address and its respective data

Figure 4-11 shows the required SD/MMC card data structure.

0x00

Reserved
Ox3F
0x40

Control Words

0x6B
0x6C

Reserved
Ox7F
0x80

Configuration Words
Source Address

A

User’s Code

Figure 4-8. SD/MMC Card Data Structure

Table 4-35. SD/MMC Card Data Structure

Address Data Bits [0:31]

0x00-0x3F Reserved.

0x40-0x43 BOQT signature. This location should contain the value 0x424f_4f54, which is the ascii code for
BOQOT. The boot loader code will search for this signature. If the value in this location doesn't match
the BOOT signature, it means that the SD/MMC card doesn't contain a valid user code. In such case
the boot loader code will disable the eSDHC and will issue a hardware reset request of the SoC by
setting RSTCR[HRESET_REQ].

0x44—-0x47 Reserved
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Table 4-35. SD/MMC Card Data Structure (continued)

Address Data Bits [0:31]

0x48-0x4B User’s code length. Number of bytes in the user’s code to be copied. This must be a multiple of the
SD/MMC card’s block size (and the user’s code zero-padded if necessary to achieve that length).
User’s code length <= 2GBytes.

0x4C—-0x4F Reserved

0x50-0x53 Source Address. Contains the starting address of the user’s code as an offset from the SD/MMC card
starting address.

In Standard Capacity SD/MMC Cards, the 32-bit Source Address specifies the memory address in
byte address format. This must be a multiple of the SD/MMC card’s block size.

In High Capacity SD Cards (>2GByte), the 32-bit Source Address specifies the memory address in
block address format. Block length is fixed to 512 bytes as per the SD High Capacity specification.

0x54—-0x57 Reserved

0x58-0x5B Target Address. Contains the target address in the system’s local memory address space in which the
user’s code will be copied to. This is a 32-bit effective address. The core is configured in such a way
that the 36-bit real address is equal to this (with 4 most significant bits zero).

0x5C—-0x5F Reserved

0x60-0x63 Execution Starting Address. Contains the jump address in the system’s local memory address space
into the user’s code first instruction to be executed. This is a 32-bit effective address. The core is
configured in such a way that the 36-bit real address is equal to this (with 4 most significant bits zero).

0x64—0x67 Reserved

0x68—-0x6B N. Number of Config Address/Data pairs.
Must be 1<=N<=1024 (but is recommended to be as small as possible).

0x6C—-0x7F Reserved.

0x80-0x83 Config Address 1

0x84-0x87 Config Data 1

0x88-0x8B Config Address 2

0x8C—-0x8F Config Data 2

0x80 + 8*(N-1) | Config Address N’

0x80 + Config Data N (final Config Data N optional)
8*(N-1)+4

User’s code. Note that user's code must start on a 512-byte boundary.

T N<=40if compatibility with FAT12/FAT16/FAT32 filesystems is required. Refer to Section , “Notes on compatibility with

FAT12/FAT16/FAT32 Filesystems” for details.
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Configuration Words Section

The configuration words section is comprised of Config Address and Config Data pairs of adjacent 32-bit
fields. These are typically used to configure the local access windows and the target memory controller’s
registers. They are therefore system-dependent, as they need to be aware of the type and configuration of
memory in a particular system.

The Config Addressfield has two modes that are selected by the least significant bit in thefield (CNT). If
the CNT bit is clear, then the 30 most significant bits are used to form the address pointer and the Config
Data contains the data to be written to this address. If the CNT bit is set then the 30 most significant bits
are used for control instruction. This flexible structure alows the user to configure any 4-byte aligned
memory mapped register, perform control instructions, and specify the end of the configuration stage.

Notethat itisillegal to change the content of the CCSRBAR by using this mechanism. Any attempt to do
so will cause the boot process to hang.

The upper 4 most-significant address bits of the 36-bit address are always zero. Consequently the
configuration words can only access memory in the lowest 4 GByte segment of memory. However, since
by default CCSRBAR maps all memory mapped registers within the lowest 4 GByte segment of memory,
and the user is prohibited from changing CCSRBAR with a configuration access, thisis not an issue.

The Config Address structure is shown in Figure 4-12.

0 1 2 29 30 31
CNT=0 Address _ |CNT
CNT = 1|EC|DLY — CNT

Figure 4-9. Config Address Fields

defines the Config Address bitswhen CNT = 0 (address mode).
Table 4-36. Config Address Field Description, CNT =0

Bits Name Description

0-29 Address Address bits 0-29. The data in the Config Data field is copied by the €500 core to this
address. The two least significant bits of the address (30:31) are always considered to be
zero, as are the upper 4 bits of the 36-bit address.

30 — Reserved. Must be zero.

31 CNT Control. Select between Address mode and Control mode.
0 Address mode
1 Control mode
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Table 4-37. Config Address Field Description, CNT = 1

Bits Name Description

0 EC End Configuration. Indicates the end of the configuration stage. Valid only if bit CNT is set.

0 Not the last Config Address field.

1 The Last Config Address field. The €500 core will stop the configuration stage and
start to copy the user’s code.

This must be set for Config Address Word N, and not be set for Config Address words
prior to Config Address Word N.

1 DLY Delay. Instruct the €500 core to perform delay according to the number that is specified in
the adjacent Config Data field. The adjacent Config Data field provides the delay measured
in terms of the number of 8 CCB clocks. Valid only if bit CNT is set.

0 No delay.
1 Delay.
2-29 — Reserved. Must be zero.
30 — Reserved. Must be zero.
31 CNT Control. Select between Address mode and Control mode.

(0 Address mode)
1 Control mode
Note: When CNT=1, bits 0—-29 select the control instruction. Only one bit in the range of bits
0—29 can be set at any specific control instruction. A control instruction with bits 0-29
all cleared is also illegal.

Notes on compatibility with FAT12/FAT16/FAT32 Filesystems

Depending upon application, compatibility may be desired between the SD/MMC Card data structure
defined here and the FAT12, FAT16 or FAT 32 filesystems (documented in SD Card Specifications

Part 2—File System Specification v2.0, among other places). This compatibility is possible, but imposes
alimit on the number of Configuration Words that can be parsed by the processor prior to fetching the
user’s code. Compatibility is achieved by ensuring that the entire data structure of Control Words and
Configuration Words is contained within the first 446-byte (Ox1BE) Master Boot Record code area of the
filesystem.

Given that Configuration Words start at address 0x80, and al Configuration Words (except the last one
with EC=1to end the configuration) occupy 8 bytes per Configuration Address/Data pair, thisimposesthe
[imit of a maximum of 40 Configuration Address words. More Configuration Words can be used in
applications for which compatibility with the FAT Master Boot Record is not required. If exactly 40
Configuration Address words are used and FAT12/FAT16/FAT32 compatibility is required, then the final
Configuration Data word must be omitted to ensure that the data structure fits in less than 446 bytes.

Note that FAT12, FAT 16 and FAT32 standards impose additional requirements on the data structures that
must be present on the SD/MMC card, such as Partition Tables and a fixed Signature Word at the end of
the Master Boot Record. These features are not interpreted or required by the eSDHC boot process, and

are outside the scope of this document.

Furthermore, FAT12 and FAT 16 define aboot sector with defined fieldsin the first Ox36 addressabl e bytes
(which does not conflict with the SD/MMC Card Data Structure for boot from SD/MMC defined in this
document). Therefore FAT12 and FAT16 filesystems are completely compatible with the defined data
structure, even if they also contain a FAT boot sector. However, FAT32 defines a boot sector with defined
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fieldsin thefirst 0x52 addressable bytes. Therefore, FAT32 filesystem compatibility is only possible if
used in a system in which this boot sector information is not required.

Also note that the user codeis copied from one sequential areaof SD/MMC card memory space specified
by the Source Address. The boot ROM software does not ook for or parse any File Allocation Table, and
furthermore, the boot ROM software assumes that the User Code is in one contiguous range of memory
addresses.

45114 eSDHC Controller Initial Configuration

The eSDHC controller configuration is used by the boot ROM software. After the boot from eSDHC has
finished, the user can change this configuration for other uses of the eSDHC interface. The boot ROM
software also changes some of this configuration automatically depending upon the features supported by
the SD/MMC card that is connected.

The eSDHC controller isinitially configured to operate in the following configuration:

«  Address Invariant Mode (e€SDHC.PROTCTL[EMODE]=10)

» SDHC_DAT[3] doesnot monitor card insertion. The GPIO4/SDHC_CD pinisused for card detect
(eSDHC.PROTCTL[D3CD]=0 and Global_UtilitiesPMUXCR[SDHC_CD]=1).

«  1-bit mode (€SDHC.PROTCTL[DTW]=00)

» SDCLK at 400 kHz or below, but higher than 100 kHz (for MPC8536E platform frequency up to
66 MHz, and therefore eSDHC base clock frequency up to 333 MHZz). Thisis done with
eSDHC.SY SCTL[SCLKFS]=0x20 and eSDHC.SY SCTL[DV S]=0xC, for adivisor of 832.

» There must be precisely one device connected on the eSDHC bus (and this device must be inserted
prior to boot). Multiple MM C devices sharing the one bus are not supported.

* The bus operates in push-pull mode (MPC8536E pads drive both logic “0” and logic “1” as
appropriate). If aMMC card isto be connected, then weak external pull-ups are required on the
SDHC_CMD and SDHC_DAT]] pinsin order to interface with the MM C open-drain mode during
initialisation.

* The eSDHC DMA engineis not used for Control or Configuration Word accesses; instead, al
eSDHC data transfers are initiated by the processor core polling eSDHC.PRSSTAT[BRR] and
accessing data through the DATPORT register (XFERTY PIDMAEN]=0). The eSDHC DMA
engineis used for User Code accesses.

45115 eSDHC Controller Boot Sequence

The code in the eSDHC Boot ROM configuration performs the following sequence of events:

1. The eSDHC controller is configured as per Section 4.5.1.1.4, “eSDHC Controller Initial
Configuration”.

Card-detect.

The SD/MMC card is reset.

SD/MMC card voltage validation is performed.

SD/MMC card identification.

With CMD9, the CSD (Card-Specific Data) register of the SD/MMC card is read.

o bk wbd
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7. Based on the values returned from the SD/MMC card’'s CSD register, the eSDHC's registers are
updated to reflect the maximum clock frequency jointly supported by the eSDHC controller, and
the SD/MMC card connected to it.

8. The eSDHC begins reading the SD/MMC data structure from the card.

9. The eSDHC begins fetching the user code from the card.

10. If either the BOOT signature is not found at memory offset 0x40, or if when reading the Control
and Configuration Words or the User’s Code aread CRC error is detected, then it may be dueto a
bad block on the SD/MMC memory card. To counteract this and provide error resilience, if this
occurs the eSDHC returnsto step 8, fetching data from an address 0x200 greater than the
previously fetched address. For example, if there have beeni failed attempts, then on thefollowing
try the BOOT signatureis checked at offset 0x40+i* 0x200. If this sequence fails 24 times, then the
system boot is deemed to have failed.

11. The processor core waits until the user code DMA transfer is complete.

12. The processor core jumps to the Execution Starting Address to begin execution of the user’s code.

45.1.1.6 eSDHC Boot Error Handling

If at any stage the boot loader code detects an error and cannot continue, it will disable the eSDHC and
will issue ahardware reset request of the SoC by setting RSTCR[HRESET _REQ)]. Thismay occur in any
of the following scenarios:
» BOOT signature not found at offset 0x40 or CRC error on any of the data read by the eSDHC 24
times.
» Timeout while waiting for the SD/MMC card to respond at any stage.
* Nocard inserted.
* Incorrect type of card inserted that is not supported for boot (such as CE-ATA).
» Thereisno common protocol, voltage or frequency mutually supported by the SD/MMC card and
the eSDHC.

* The eSDHC reads as far as the Source Address (specified by the Control Word of the SD/MMC
data structure) without seeing a EC=1 Configuration Word.

Theboot |oader code supportsredundancy, which alowsboot to succeed even in the presence of SD/MMC
bad blocks. It doesthisby searching for the BOOT signaturein up to 24 locations, and trying the next block
if the BOOT signatureis not found, or if aread CRC error isfound. Each location tried is at afixed offset
of 512 bytes (0x200) from the previous (unsuccessful) offset, irrespective of the actual block size of the
SD/MMC card.

For reference, the following diagram gives an example SD/MMC memory card data structure which can
be used for maximum SD/MMC card data redundancy.

Note that if 0x40+8* (N-1)+4>=0x200 (where N is the number of Configuration Words), then care needs
to be taken to ensure that the configuration words at 0x40+i* 0x200 (for all 2<=i<=24) must not contain
the BOOT signature. Thisensuresthat the boot loader code does not mistakenly detect aBOOT signature.
This aso reduces the number of copies of boot code that can be used on one device.
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Each copy of the Control/Configuration Words would generally be identical except for the pointer to the
Source Address (offset 0x50) of the SD/MMC card, which may be different for each copy. If the User’s
Code section is sufficiently large that 24 copies of it do not fit in the capacity of the SD/MMC card (or if
the SD/MMC card capacity must also be utilised for functional features other than system boot), then it
may still be desirable to still support up to 24 copies of the Control/Configuration Words, but only have
them reference alimited number of User’s Code sections. Thisis also possible.

0x00 Control/Configuration

Words (Copy 1) Source Address 1

Reserved

0x200 Control/Configuration N

Words (Copy 2) Source Address 2

Reserved
2*0x200 .

Control/Configuration
Words (Copy 24)

(24-1)*0x200

Source Address 24

L

Reserved

A

User’'s Code (Copy 1)

Reserved

A

User’'s Code (Copy 2)

Reserved

A

User’'s Code (Copy 24)

Note: User’'s code must begin on 512-byte boundary and its length must
be a multiple of 512 bytes.

Figure 4-10. SD/MMC Card Data Structure for Maximum Redundancy

451.2 eSPI Boot ROM

45.1.2.1 Overview

The MPCB8536E is capable of loading initialization code from amemory device that is connected to the
eSPI controller interface. Thisdevice can be either an EEPROM or a serial flash with an eSPI-compatible
interface. The term EEPROM will be used when referring to the memory device.

The MPCB8536E eSPI controller supports RapidS™ full clock cycle operation and Winbond™ dual-output
read serial interface, but these modes are not enabled for boot by the on-chip ROM.

Boot from eSPI is supported by the MPC8536E using an on-chip ROM which contains the basic eSP
device driver and the code to perform block copy from eSPI EPROM to any target memory. Selecting
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on-chip ROM in boot ROM location (see Table 4-14) causesthe €500 CPU to fetch data from the on-chip
ROM. The on-chip ROM is selected by configuring the POR config pins cfg_rom loc[0:3].

After the device has completed the reset sequence, if the ROM location selects the on-chip ROM eSPI
Boot configuration, the €500 core starts to execute code from the internal on-chip ROM. The €500 core
configures the eSPI controller, enabling it to communicate with the externa EEPROM. The EEPROM
should contain a specific data structure with control words, device configuration information and
initialization code. The on-chip ROM boot code uses the information from the EEPROM content to
configure the device, and to copy the initialization code to atarget memory device (for example, the DDR)
through the eSPI interface. After all the code hasbeen copied, the €500 core starts to execute the code from
the target memory device.

There are several different ways a user may utilise the eSPI boot feature. The ssimplest is for the on-chip
ROM to copy an entire operating system boot image into system memory, and then jump to it to begin
execution. However, this may be many megabytes and in some situations may sub-optimal.

A more advanced option isfor the on-chip ROM to only copy a small user-customised subroutine, which
configures the eSPI in an optimal way. The user-customised subroutine then copies the rest of the boot
code potentially much faster than the on-chip ROM software can achieve. For example, the
user-customised subroutine may utilise Atmel RapidS or Winbond dual output eSPlI modes.

45.1.2.2 Features

* Provides mechanism to load initialization code from externa eSPl EEPROM

» Simple data structure in eSPl EEPROM

» BOOT signature will be checked to validate that the EEPROM contains valid code
» Supports variable code length in EEPROM

» Flexible target memory device

» Supports target memory configuration controlled by the user

» Supports standard eSPI interface EEPROM swith read instruction code 0x03 followed by a 2-byte
address (16-bit addressable EEPROMSs) or 3-byte address (24-bit addressable EEPROMS).

* Initial setting will generate a serial clock below 5 MHz; the control word will allow for user
modification of clock frequency.
45.1.23 EEPROM Data Structure

The EEPROM should contain theinitialization code length in bytes, source addressin the eSPI EEPROM,
destination address in the target memory device, execution starting address, and multiple configuration
words with pairs of target address and its respective data.
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Figure 4-11 shows the required eSPl EEPROM data structure.

0x00

Reserved
Ox3F
0x40

Control Words

0x6B
0x6C

Reserved
Ox7F
0x80

Configuration Words
'guratl Source Address

A

User’s Code

Figure 4-11. eSPI EEPROM Data Structure

Table 4-38. eSPI EEPROM Data Structure

Address Data Bits [0:31]

0x00-0x3F Reserved.

0x40-0x43 BOOQOT signature. This location should contain the value 0x424f_4f54, which is the ascii code for
BOQT. The eSPI loader code will search for this signature, initially in 24-bit addressable mode. If
the value in this location doesn't match the BOOT signature, then the EEPROM is accessed again,
but in 16-bit mode. If the value in this location still doesn’t match the BOOT signature, it means
that the eSPI device doesn't contain a valid user code. In such case the eSPI loader code will
disable the eSPI and will issue a hardware reset request of the SoC by setting
RSTCR[HRESET_REQ].

0x44-0x47 Reserved

0x48-0x4B User’s code length. Number of bytes in the user’s code to be copied.
Must be a multiple of 4.
4<=User’s code length <= 2GBytes.

0x4C—-0x4F Reserved

0x50-0x53 Source Address. Contains the starting address of the user’s code as an offset from the EEPROM
starting address. In 24-bit addressing mode, the 8 most significant bits of this should be written to
as zero, because the EEPROM is accessed with a 3-byte (24-bit) address. In 16-bit addressing
mode, the 16 most significant bits of this should be written to as zero.

0x54-0x57 Reserved

0x58-0x5B Target Address. Contains the target address in the system’s local memory address space in which
the user’s code will be copied to. This is a 32-bit effective address. The core is configured in such
a way that the 36-bit real address is equal to this (with 4 most significant bits zero).

0x5C—0x5F Reserved
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Table 4-38. eSPI EEPROM Data Structure (continued)

Address Data Bits [0:31]

0x60-0x63 Execution Starting Address. Contains the jump address in the system’s local memory address
space into the user’s code first instruction to be executed. This is a 32-bit effective address. The
core is configured in such a way that the 36-bit real address is equal to this (with 4 most significant
bits zero).

0x64—0x67 Reserved

0x68—-0x6B N. Number of Config Address/Data pairs.
Must be <=1024 (but is recommended to be as small as possible).

0x6C—0x7F Reserved.

0x80-0x83 Config Address 1

0x84-0x87 Config Data 1

0x88—-0x8B Config Address 2

0x8C—0x8F Config Data 2

0x80 + 8*(N-1) |Config Address N

0x80 + Config Data N (Final Config Data N optional)
8*(N-1)+4

User’s Code

Configuration Words Section

The configuration words section is comprised of Config Address and Config Data pairs of adjacent 32-bit
fields. These are typically used to configure the local access windows and the target memory controller’s
registers. They are therefore system-dependent, as they need to be aware of the type and configuration of
memory in a particular system.

The Config Addressfield has two modes that are selected by the least significant bit inthefield (CNT). If
the CNT bit is clear, then the 30 most significant bits are used to form the address pointer and the Config
Data contains the data to be written to this address. If the CNT bit is set then the 30 most significant bits
are used for control instruction. This flexible structure alows the user to configure any 4-byte aligned
memory mapped register, perform control instructions, and specify the end of the configuration stage.

Notethat itisillegal to change the content of the CCSRBAR by using this mechanism. Any attempt to do
so will cause the boot process to hang.

The upper 4 most-significant address bits of the 36-bit address are always zero. Consequently the
configuration words can only access memory in the lowest 4 GByte segment of memory. However, since
by default CCSRBAR maps all memory mapped registers within the lowest 4 GByte segment of memory,
and the user is prohibited from changing CCSRBAR with a configuration access, thisis not an issue.
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The Config Address structure is shown in Figure 4-12.

o 1 2 3 29 30 31
CNT =0 Address —|CNT
CNT =1|EC|DLY|CF — —|CNT

Figure 4-12. Config Address Fields

Table 4-39. Config Address Field Description, CNT =0

Bits | Name Description

0—29 | Address | Address bits 0—29. The data in the Config Data field is copied by the e500 core to this address. The two
least significant bits of the address (30:31) are always considered to be zero, as are the upper 4 bits of
the 36-bit address.

30 — Reserved. Must be zero.

31 CNT | Control. Select between Address mode and Control mode.
0 Address mode
1 Control mode

Table 4-40. Config Address Field Description, CNT = 1

Bits | Name Description

0 EC |End Configuration. Indicates the end of the configuration stage. Valid only if bit CNT is set.

0 Not the last Config Address field.

1 The Last Config Address field. The e500 core will stop the configuration stage and start to copy the
user’s code.

This must be set for Config Address Word N, and not be set for Config Address words prior to Config
Address Word N.

1 DLY |Delay. Instruct the e500 core to perform delay according to the number that is specified in the adjacent
Config Data field. The adjacent Config Data field provides the delay measured in terms of the number of
8 CCB clocks. Valid only if bit CNT is set.

0 No delay.

1 Delay.

2 CF | Change frequency. Instruct the €500 core to perform sequence of operations to setup the eSPI CS1 mode
register with the frequency related (PM and DIV 16) bits as defined by the user. The adjacent Config Data
field will be written to the eSPI mode register. Software will use DIV16 and PM bits and mask all other bits
such that they will not change. Software will perform the necessary steps which are required by the eSPI
controller before and after changing the eSPI mode register.

This only takes effect after all of the Configuration and Control words have been read.

3-29 — Reserved. Must be zero.
30 — Reserved. Must be zero.
31 CNT | Control. Select between Address mode and Control mode.

(0 Address mode)

1 Control mode

Note: When CNT=1, bits 0—29 select the control instruction. Only one bit in the range of bits 0-29 can be
set at any specific control instruction. A control instruction with bits 0-29 all cleared is also illegal.

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1

Freescale Semiconductor 4-39



Reset, Clocking, and Initialization

45.1.2.4 eSPI Controller Configuration

The eSPI controller configuration is used by the eSPI boot ROM software. After the boot from eSPI has
finished, the user can change this configuration for other uses of the eSPI interface.

The eSPI controller is configured to operate in master mode. The eSPI chip select 0 (SPI_CS[0]) must be
connected to the EEPROM CS and selectively enables the EEPROM.

Figure 4-13 shows the external signal connection.

MPC8536E EEPROM
SPIMOSI > D (Data In)
SPIMISO = Q (Data Out)

SPI_CLK

SPI_CS[0] %7

Y

C (Serial Clock)

S (Chip Select)
—L’ HOLD

Figure 4-13. External Signal Connection

e
Y

The eSPI controller is configured by the on-chip ROM code. The controller is configured as follows:

» Dataisshifted out dataon SPIMOSI during the falling edge of SPI_CLK. It samples datain from
SPIMISO during the rising edge of SPI_CLK.

e« Theclock islow when thelineisidle.
* |t uses 8-bit length characters.

» The platform clock is divided by 256. For example, when the platform clock is configured to
533 MHz, the SPI_CLK will run at 2.08 MHz. (Note that frequency setting can be changed by
using the CF control word, as explained in the “ Configuration Words Section.”

 TheMSB issent and received first.
Figure 4-14 shows the default eSPI CSO mode register (SPMODEQ) configuration.

0o 1 2 3 4 7| 8 910 11 |12 15(16 19{20 23|24 28 29 31
Field|CI0|CPO|REV0|DIV160 PMO ODDO| — |POLO| LENO CSOBEF | CSOAFT CS0CG —
Value 0 0 1 1 ooo0ot1tj, o o0 0j011100100O01TO00O0O0T1T0O0O0O0

Figure 4-14. eSPI CS0 Mode Register (SPMODEQ) Configuration

The ROM code will initially use the eSPI controller to generate standard read instruction code 0x03
followed by a 3-byte address for every non-sequential read operation (reading from alocation which isnot
sequential to the last byteread). For sequential read operation, toggling the eSPI clock will cause the eSPI
EEPROM to present the content of the next address |ocation. The serial EEPROM must have an eSPI
compatible interface with read instruction code 0x03 followed by a 2- or 3-byte address.

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1

4-40 Freescale Semiconductor



Reset, Clocking, and Initialization

16-bit addressable EEPROM memories are supported and detected automatically by the boot code. This
isaccomplished by the boot code trying 16-bit modeif it failsto find the*BOOT” signaturewhenin 24-bit
mode.

Figure 4-15 shows the read instruction timing diagram for normal (not Atmel RapidS or Winbond Dual
Output) modes of operation with a 24-bit addressable eSPl memory. With 16-bit addressable eSPI
memories, only a 16-bit addressis transmitted, and valid datais received from the EEPROM on the 24th
SPI_CLK cyclerather than the 32nd SPI_CLK cycle for 24-bit addressable memories.

10 | 11 30 31 32 3334 35

SPI_CLK
SPI_CSn \

‘(* 8-bit Instruction >I4 24-bit Address 4>{

MSB

Data from EEPROM

High-Impedance
OOC—

Figure 4-15. Read Instruction Timing Diagram (24-bit addressable eSPl memory)

45.1.3 Default e500 Addressing During System Boot

During boot from the on-chip ROM (for boot targets of either eSPl or SD/MMC), the user specifies 32-bit
addresses for several fields (Target Address for copying the user’s code, and the Execution Starting
Address). This section describes how these 32-bit effective addresses are translated into 36-bit real
addresses and the associated address trand ation and mapping.

The L2 cache remains disabled as per its power-on reset state. The €500 Level 1 and Level 2 MMU
configuration isleft as per defaults, with the exception that the following TLB1 Entry 1 isalso created (in
addition to the default TLB1 Entry 0 4kByte page at 0x0O_FFFF_Fnnnn):

o V=1 (vaid)

* TS=0 (address space 0)

» TID=0x00 (global)

» EPN[32-51]=0x00000

* RPN[32-51]=0x00000

e SIZE[0-3]=1011 (4 Gbyte)

»  SX/SR/SW=111 (Full supervisor mode access allowed)
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*  UX/UR/UW=000 (No user mode access allowed)

*  WIMGE=01110 (Cache-inhibited, Memory coherency required, Guarded)
¢ X0-X1=00

e UO-U3=0

* IPROT=1 (Page is protected from invalidation)

This configuration resultsin a 32-bit byte address with a 0-bit effective page number. Therefore the 36-bit
real addressis equal to the 32-bit effective address, with the 4 M Shits of the 36-bit real address equal to 0.

The on-chip ROM code does not setup any Local Access Windows. Access to CCSR address space (and
therefore by extension, also access to the on-chip ROM) doesn’t require aLocal Access Window. It isthe
user’s responsibility to setup alocal access window through a Control Word address/data pair for the
desired Target Address and Execution Starting Address (which will typically bein either DDR or Local
Bus memory space).

Notethat any such local accesswindow configured at thistime must have the 4 M Shits of the address equal
to 0. Thisis due to the 32-bit addressing enabled by the €500 MMUs as described above.

The user can reconfigure the system in the user code portion based on system requirements.
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Part I
e500 Core Complex and L2 Cache

This part describes the integration of the e500v2 core in the MPC8536E and the interaction between the

core complex and the L2 cache. The following chapters are included:

Chapter 5, “€500 CoreIntegration Details,” provides an overview of the e500v2 core processor and
how it is implemented in the MPC8536E.

Chapter 6, “L2 Look-Aside Cache/SRAM,” describes the L2 cache of the MPC8536E. Note that
the L2 cache can also be addressed directly as memory-mapped SRAM.
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Chapter 5
e500 Core Integration Details

This chapter descibes how the coreisintegrated into the SoC. Section 5.2, “ €500 Core Integration and the
Core Complex Bus (CCB),” describes hardware aspects of that integration and provides links to chapters
that discuss functionality in which core and SoC operationsinteract. Such topics include reset, power
management, interrupt management, and debug.

This chapter also lists SoC-specific details of the core’s programming model. For example, the €500
programming model defines the processor version register (PVR) and system version register (SVR),
special-purpose registers (SPRs) that respectively identify the version and revision of the core and of the
integrated device. These valuesare provided in Section 5.3, “ Summary of Core Integratation Details,” and
additional links are provided to other chapters that provide a context for a discussion of these registers.
The section “Register Model Integration Details” in Table 5-1 describes a few aspects of the core
programming model that have SoC-specific behavior that cannot be fully understood by reading the €500
Reference Manual alone.

General information about €500 core functionality can be found in the following documention:
» Chapter 5, “e500 Core Integration Details,” includes ageneral summary of €500 core features.

* The PowerPC™ €500 Core Family Reference Manual (referrred to here as the e500 Reference
Manual) provides detailed information about the functions and features of the core, and in
particular it describes details of how architecture-defined features are implemented.

The “€500 Core Complex Bus (CCB) and System Integration” chapter in the €500 Reference
Manual describes core-to-SoC integration issues from the perspective of the €500 core.

» TheEREF: AProgrammer’s Reference Manual for Freescale Embedded Processors (Including the
€200 and €500 Families) describesin detail features defined by the Power |SA and Freescale EIS
(referred to generically asthe architecture). Unless otherwise stated in the €500 Reference Manual,
€500 features are implemented as the are defined by the architecture and described in the EREF.

» How theintegrated device implements e500 core features, including specific registers and register
fields, is summarized in Section 5.3, “ Summary of Core Integratation Details.”

5.1 e500 Core Overview

Figure 5-1 isablock diagram of the processor core complex that shows how the functional units operate
independently and in parallel. Note that thisis a conceptual diagram that 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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5.2

e500 Core Integration Details

e500 Core Integration and the Core Complex Bus (CCB)

The CCB is the hardware interface between the core and the SoC, and with afew exceptions, the user
cannot accesstheseinternal signalsdirectly. Figure 5-2 shows aselection of CCB signalsthat are discussed
in various placesin this manual and in the 500 Reference Manual because understanding how they work
helps the reader understand the functionality of the device. Linksto other chaptersin this manual are
provided in Figure 5-2 and in the text that follows.

Selected CCB Signals

— )
Clocking
<~— | t[0:4] pll C%{@cél]( Chapter 4, “Reset, Clocking,
<~ |gbl - _ and Initialization”

<
Addregﬂsagtt?sr < ?_s, tbelk < Time base/watchdog timer
~— |wt toen Chapter 4, “R tgl ki
¢ ol ___tbint |—— ap er : _esf, ocking,
wrs[0:1] |——> and Initialization

—> | rst hreset_req |——>
> ;Ck hr es__e; < External Interrupts
JTAG and TAP > tZ?S c:_’;t ) Chapter 9, “Programmable
Chapter 25, “Debu > — ¥
p g tdo mcp Interrupt Controller (PIC)

Features and

Watchpoint Facility” <—— | tdo_ien  core_fault_in |<——

<— | tImsel

—_—> tap_en doze |———>
_ nap |——>
Test and Debug ~——> | waitr sleep |——> | Power management
Chapter 25, “Debug | ——> | ude halt |<«<—— | Chapter 23, “Global Utilities”
Featuresand | ——> | ckstp_out halted |——>
Watchpoint Facility” ~\<——— | clkout stop |<«——

stopped |—>

pm_event |<€——— ™
pvr[0:31] |—>
svr[0:31] |«——

Miscellaneous
Chapter 23, “Global Utilities”

Figure 5-2. €500 Core Integration

Aspects of the e500-SoC integration are summarized in the following:

Reset. The core directs and coordinates device hard and soft resets and the power-on reset (POR)
sequence, power-on reset configuration, and initialization. Core integration of the reset signals
shown in Figure 5-2 are described Chapter 4, “Reset, Clocking, and Initialization,” and in
Chapter 23, “Global Utilities.”

Clocking and timers. Integration details of the CCB clocking signals are described in Chapter 4,
“Reset, Clocking, and Initialization.” Addition details regarding timer configuration are described
in Section 5.3, “ Summary of Core Integratation Details.”

Cache and memory-mapped SRAM. The €500 cache implementation interacts with the SoC's L2
cache. In particular, the core implements a number of instructions that interact with the L2 cache
implementation, which are described in the e500 Reference Manual and in the EREF. Chapter 6,
“L2 Look-Aside Cache/SRAM,” describesthe SoC’'s L2 cache. Figure 5-2 showsthe €500 signals
that interface with the L2 cache.
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» €500 coherency module (ECM). The ECM, described in Chapter 7, “e€500 Coherency Module,”
facilitates communication between the core, the L2 cache, and the other blocks that comprise the
coherent memory domain of the SoC.

The ECM provides a mechanism for 1/O-initiated transactions to snoop the core complex bus
(CCB) of the core to maintain coherency across cacheablelocal memory. It also providesaflexible,
easily expandable switch-type structure for core- and I/O-initiated transactions to be routed
(dispatched) to target modules on the device. The CCB is described in the “Core Complex Bus
(CCB) and System Integration” chapter of the e500 Reference Manual.

* Interrupts. The €500 core handles the hardware interrupts that are generated from SoC peripheral
logic, typically by error conditions encountered from within blocks on the integrated device.
Chapter 9, “Programmable Interrupt Controller (PIC),” describes the programmable interrupt
controller, which prioritizes interrupt requests to the core. Figure 5-2 shows the €500 signals that
interface with the PIC.

» Power management. The core’s HIDO[NAP, DOZE,SLEEP] can be used to assert nap, doze, and
deep output signalstoinitiate power-saving modes at the integrated devicelevel. Figure 5-2 shows
the 500 signal's, which interact with the SOC level power management logic described in
Chapter 23, “Global Utilities.”

» System debug. The architecture defines many features for software and hardware debug that
interact with the SoC. Chapter 25, “Debug Features and Watchpoint Facility,” describes the debug
features and watchpoint monitor. Figure 5-2 shows the €500 signals that interface with the debug
block. The 500 Reference Manual describes how the architecture-defined debug resources are
implemented on the e500 core.

The “Core Complex Bus (CCB) and System Integration” chapter of the core document describes the
signals that are shown in Figure 5-2 and other aspects of core integration.

5.3 Summary of Core Integratation Details
Table 5-1 summarizes details of the PowerQUICC Il1—specific implementation of the €500 core. It is
organized into two sections:

» “General Feature Integration Details’” summarizes integration-specific details by functionality.

* “Register Model Integration Details’ summarizes how integration-specific details are reflected in
the SoC’s implementation of the core register model.

Table 5-1. Differences Between the €500 Core and the PowerQUICC Ill Core Implementation

Feature PowerQUICC lll Implementation

General Feature Integration Details

Cache protocol |The write-through L2 cache implemented on the SoC does not support MESI cache protocol.

Clocking Internal clock multipliers ranging from 1 to 8 times the bus clock, including integer and half-mode
multipliers.The integrated device supports multipliers of 2, 2.5, 3, and 3.5 See the table entry, HID1

Implementation.
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Table 5-1. Differences Between the e500 Core and the PowerQUICC lil Core Implementation (continued)

Feature

PowerQUICC lll Implementation

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).

R1 and R2 data

R1 and R2 data bus parity are disabled on PowerQUICC Il devices. HID1[R1DPE,R2DPE] are reserved.

bus parity
Dynamic bus The PowerQUICC Il devices do not perform dynamic bus snooping as described here. Thatis, 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.

Device specific
definition for

PowerQUICC Il devices define values for 00, 01, 10, and 11, as described in Register Model Integration
Details in this table.

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.
Note that in the Power ISA, MSR[SPE] and ESR[SPE] are renamed to MSR[SPV] and ESR[SPV].
Register Model Integration Details
PIR value The PIR value is all zeros on PowerQUICC Ill devices.
PVR value The PVR reset value is 0x80nn_nnnn. See Table 5-2 for specific values.
PVR[VERSION] = 0x80nn
PVR[REVISION] = 0xnnnn
SVR value The SVR reset value is 0x80nn_nnnn. See Table 5-2 for specific values.
TCR (timer TCR[WRC] is defined more specifically for the implementation of the core in the integrated device.

control register ()

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

HIDO
implementation

SEL_TBCLK. 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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e500 Core Integration Details

Table 5-1. Differences Between the e500 Core and the PowerQUICC lil Core Implementation (continued)

Feature

PowerQUICC lll Implementation

HID1
Implementation

HID1[PLL_CFG] is implemented as two subfields:

PLL_MODE (HID0[32-33]):

Read-only for integrated devices.

11 Fixed value for this device

PLL_CFG, (HIDO[34—39]): The following clock ratios 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)

NEXEN, R1DPE, R2DPE, MPXTT, MSHARS, SSHAR, ATS, and MID are not implemented.
On PowerQUICC lll devices, ABE must be set to ensure that cache and TLB management instructions operate
properly on the L2 cache.

HID1[RFXE].

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:

* ECM mapping errors: EEER[LAEE] must be set. See Section 7.2.1.6, “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 6.3.1.4, “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 8.4.1,
“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 13.3.1.11, “Transfer Error Interrupt Enable
Register (LTEIR),” and Section 13.3.1.12, “Transfer Error Attributes Register (LTEATR).

5.3.1

Processor Version Register (PVR) and System Version Register
(SVR)

Table 5-2 matches the revision codes in the processor version register (PVR) with the core revision and
the SoC revision; it includes a cross-reference to the section in global utilities that contains the
corresponding SVR values. Note that the SVR and PVR can be accessed both as SPRs through the e500
core (see the €500 Reference Manual) and as memory-mapped registers defined by the integrated device.
(See “Section 23.4.1.20, “Processor Version Register (PVR),” and Section 23.4.1.21, * System Version
Register (SVR),” for further description of the memory-mapped registers.)

Table 5-2. Device Revision Level Cross-Reference

SoC Revision|Core Revision |Processor Version Register (PVR) |System Version Register (SVR)

1.1 3.0 0x8021_0030 23.4.1.21/23-30

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1
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Chapter 6
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.

6.1 L2 Cache Overview

The integrated 512-Kbyte L2 cache is organized as 2048 eight-way sets of 32-byte cache lines based on
36-bit physical addresses, as shown in Figure 6-1.

512-Kbyte €500 Core Complex
L2 Cache/SRAM
"Eg "55 €500 Core
. 32-Kbyte L1 32-Kbyte L1
Eight 6?;3\%5‘; banks Data Cache Instruction Cache
Independently programmable
as L2 cache or SRAM Core Complex Bus
WR IN DOUT RDIN RD1 RD2 WR
A A 7y 7\
64
128
128

A \J
| Coherency Module |

Figure 6-1. 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 6.2, “L2 Cache and SRAM Organization™:
* Full cache mode (512-Kbyte cache).
*  Full memory-mapped SRAM mode (512-Kbyte SRAM mapped as a single 512-Kbyte block or
two 256-K byte 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.
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L2 Look-Aside Cache/SRAM

6.1.1

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)

512-Kbyte array organized as 2048 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 20 tag bits and 1 tag parity bit per line.

Multiple cache locking methods supported

— Individua line locks are set and cleared 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.

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1
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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.

L2 Look-Aside Cache/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 6-1 lists the possible L2 cache/SRAM configurations.
Table 6-1. Available L2 Cache/SRAM Configurations

Cache

Stash-only Region

SRAM Region 1

SRAM Region 2

512 Kbytes (8 ways)

448 Kbytes (7 ways) — 64 Kbytes —

64 Kbytes — —

384 Kbytes (6 ways) — 128 Kbytes —
64 Kbytes 64 Kbytes

64 Kbytes 64 Kbytes —

128 Kbytes — —

320 Kbytes (5 ways) 64 Kbytes 128 Kbytes —
64 Kbytes 64 Kbytes

128 Kbytes 64 Kbytes —

256 Kbytes (4 ways) — 256 Kbytes —
128 Kbytes 128 Kbytes

128 Kbytes 128 Kbytes —
64 Kbytes 64 Kbytes

256 Kbytes — —

192 Kbytes (3 ways) 64 Kbytes 256 Kbytes —
128 Kbytes 128 Kbytes

256 Kbytes 64 Kbytes —

128 Kbytes (2 ways) 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
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L2 Look-Aside Cache/SRAM
6.2 L2 Cache and SRAM Organization

The on-chip memory array has eight banks, each containing 256 sets of eight cache blocks (or ‘ways'), as
shown in Figure 6-2. Each block consists of 32 bytes of data and a tag.

Bank 7 256 Sets hd I I .l I I I I
L J T T hd T T T 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
! ! ! ! ! ! !
} } } } } } }
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
! ! ! ! ! ! !
} } } } } } }
Way 3 Address Tag 3 | T 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] | ]
! ! ! ! ! ! !
} } } } } } }
Way 7 Address Tag 7 | [ Words [0-7] |~
1 1 1 1 1 1 1

l(— 8 Words/Block —)'

Figure 6-2. Cache Organization
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L2 Look-Aside Cache/SRAM

6.2.1 Accessing the On-Chip Array as an L2 Cache
Figure 6-3 shows how physical address bits are used to access the L2 cache.

20 22 28 30
Tag Lookup ADDR

e e

Bank select Set index

(8 bits)
Tags (20 bits)
l |
= Hﬂm 8 Tags per Set
Way Select 0 19
ADDR
\n pare /
Way
20 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 6-3. Physical Address Usage for L2 Cache Accesses

Physical address bits 2030 identify the bank and set of the tag and data. Physical address bits 0-19 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.

6.2.2 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 17—19 in conjunction with the SRAM
mode to select away of the indexed set.
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L2 Look-Aside Cache/SRAM

0 13 15 31
L2SRAM

L2CTL Register

LoSRBAR Registers L '
Base Addr
0 19
ADDR
T~ BARhi compare
17 19
ADDR

Physical Address Bits

20 22,23 30 31 35
|  ADDR | ADDR
Bank select ~ Setindex Way Select Byte select
(8 bits) (3 bits) (5 bits)

Figure 6-4. Physical Address Usage for SRAM Accesses

The mapping of address bitsand SRAM mode to away select isshown below in Table 6-2. SRAM sizeis
reflected in L2CTL[L2SIZ].

Table 6-2. Way Selection for SRAM Accesses

Description L2SRAM BAR 0 Hit BAR 1 Hit Addr[17-19] Way Select

No SRAM 000 — — — —

Entire Array is SRAM 001 1 0 000 0

(single 512-KB SRAM if L2S1Z=512 KB) 001 1
010 2

011 3

100 4

101 5

110 6

111 7
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L2 Look-Aside Cache/SRAM

Table 6-2. Way Selection for SRAM Accesses (continued)

Description L2SRAM BAR 0 Hit BAR 1 Hit Addr[17-19] || Way Select
One half of array is an SRAM 010 1 0 x00 0
(single 256-KB SRAM if L2S1Z=512 KB) o1 ]
X

x10 2

x11 3

Both halves of array are SRAM 011 1 0 x00 0

(two 256-KB SRAM if L2S1Z=512 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 128-KB SRAM if L2S1Z=512 KB)

xx1 1

Two quarters of the array are SRAMs 101 1 0 xx0 0
(single 128-KB SRAM if L2S1Z=512 KB)

xx1 1

0 1 xx0 2

xx1 3

One eighth of the array is an SRAM 110 1 0 — 0
(single 64-KB SRAM if L2SI1Z=512 KB)

Two eighths of the array are SRAM 111 1 0 — 0

(single 64-KB SRAM if L2SIZ=512 KB) 0 ] ]

6.2.3 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 6-5 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 6-5 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 (
€500 Coherency Module
(ECM)

Figure 6-5. Data Bus Connection of CCB

Figure 6-6 shows address connections of the €500 core and L2/SRAM.

L2/SRAM
ADDR_IN

e500 Core

SNOOP MSTR
\

€500 Coherency Module
(ECM)

Figure 6-6. 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.

6.3
Table 6-3 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:

Memory Map/Register Definition

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 fieldsin aregister are cleared by writing onesto them.
Mixed indicates a combination of access types.

Specia isused when no other category applies. In this case theregister figure and field description
table should be read carefully.
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Table 6-3. 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 | 6.3.1.1/6-10
0x2_0010 | L2CEWARO—L2 cache external write address register 0 R/W 0x0000_0000 | 6.3.1.2.1/6-13
0x2_0014 | L2CEWAREAO—L2 cache external write address register extended R/W 0x0000_0000 | 6.3.1.2.2/6-14

address 0
0x2_0018 | L2CEWCRO0—L2 cache external write control register 0 R/W 0x0000_0000 | 6.3.1.2.3/6-14
0x2_0020 | L2CEWAR1—L2 cache external write address register 1 R/W 0x0000_0000 | 6.3.1.2.1/6-13
0x2_0024 | L2CEWAREA1—L2 cache external write address register extended R/W 0x0000_0000 | 6.3.1.2.2/6-14
address 1
0x2_0028 | L2CEWCR1—L2 cache external write control register 1 R/W 0x0000_0000 | 6.3.1.2.3/6-14
0x2_0030 | L2CEWAR2—L2 cache external write address register 2 R/W 0x0000_0000 | 6.3.1.2.1/6-13
0x2_0034 | L2CEWAREA2—L2 cache external write address register extended R/W 0x0000_0000 | 6.3.1.2.2/6-14
address 2
0x2_0038 | L2CEWCR2—L2 cache external write control register 2 R/W 0x0000_0000 | 6.3.1.2.3/6-14
0x2_0040 | L2ZCEWAR3—L2 cache external write address register 3 R/W 0x0000_0000 | 6.3.1.2.1/6-13
0x2_0044 | L2CEWAREA3—L2 cache external write address register extended R/W 0x0000_0000 | 6.3.1.2.2/6-14
address 3
0x2_0048 | L2CEWCR3—L2 cache external write control register 3 R/W 0x0000_0000 | 6.3.1.2.3/6-14
0x2_0100 | L2SRBARO—L2 memory-mapped SRAM base address register 0 R/W 0x0000_0000 | 6.3.1.3.1/6-16
0x2_0104 | L2SRBAREAO—L2 memory-mapped SRAM base address register R/W 0x0000_0000 | 6.3.1.3.2/6-17
extended address 0
0x2_0108 | L2SRBAR1—L2 memory-mapped SRAM base address register 1 R/W 0x0000_0000 | 6.3.1.3.1/6-16
0x2_010C | L2SRBAREA1—L2 memory-mapped SRAM base address register R/W 0x0000_0000 | 6.3.1.3.2/6-17
extended address 1
0x2_0EO00 | L2ZERRINJHI—L2 error injection mask high register R/W 0x0000_0000 | 6.3.1.4.1/6-18
0x2_0EO04 | L2ERRINJLO—L2 error injection mask low register R/W | 0x0000_0000 | 6.3.1.4.1/6-18
0x2_0EO08 | L2ERRINJCTL—L2 error injection tag/ECC control register R/W 0x0000_0000 | 6.3.1.4.1/6-18
0x2_0E20 | L2ZCAPTDATAHI—L2 error data high capture register R 0x0000_0000 | 6.3.1.4.2/6-20
0x2_0E24 | L2CAPTDATALO—L2 error data low capture register R 0x0000_0000 | 6.3.1.4.2/6-20
0x2_0E28 | L2CAPTECC—L2 error syndrome register R 0x0000_0000 | 6.3.1.4.2/6-20
0x2_0E40 | L2ZERRDET—L2 error detect register wic 0x0000_0000 | 6.3.1.4.2/6-20
0x2_0E44 | L2ERRDIS—L2 error disable register R/W 0x0000_0000 | 6.3.1.4.2/6-20
0x2_0E48 | L2ZERRINTEN—L2 error interrupt enable register R/W 0x0000_0000 | 6.3.1.4.2/6-20
0x2_0E4C | L2ZERRATTR—L2 error attributes capture register R/W 0x0000_0000 | 6.3.1.4.2/6-20
0x2_0E50 | L2ZERRADDRL—L2 error address capture register low 0x0000_0000 | 6.3.1.4.2/6-20
0x2_O0E54 | L2ZERRADDRH—L2 error address capture register high 0x0000_0000 | 6.3.1.4.2/6-20
0x2_0E58 | L2ZERRCTL—L2 error control register R/W 0x0000_0000 | 6.3.1.4.2/6-20
MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1
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6.3.1

6.3.1.1

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 6-7, 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 6-7. L2 Control Register (L2CTL)

Table 6-4 describes L2CTL fields.

Table 6-4. 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 Reserved

10 512 Kbyte

11 Reserved
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Table 6-4. 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

L2110 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 512 Kbytes, SRAM can have
sizes from 64 Kbytes to 512 Kbytes.

000 No SRAM. Entire array is cache.

001 Entire array is a single SRAM (512-Kbyte SRAM for L2SIZ = 512 Kbytes)

010 One half of the array is an SRAM (256-Kbyte SRAM for L2SIZ = 512 Kbytes)

011 Both halves of the array are SRAMs (two 256-Kbyte SRAMs for L2SIZ = 512 Kbytes)

100 One quarter of the array is an SRAM (one 128-Kbyte SRAM for L2S1Z = 512 Kbytes)

101 Two quarters of the array are SRAMs (two 128-Kbyte SRAMSs for L2S1Z = 512 Kbytes)

110 One eighth of the array is an SRAM (one 64-Kbyte SRAM for L2SIZ = 512 Kbytes)

111 Two eighths of the array are SRAMs (two 64-Kbyte SRAMSs for L2SIZ = 512 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 are 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, L2I 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 6-4. 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 L2ZCTL[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 allocate lines for global writes that hit in a stash range or that have the stashing
attribute set.
1 The L2 does 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 are updated even if this bit is set.To
change this bit, the L2 must be disabled (L2CTL[L2E] = 0).
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Table 6-4. 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 are not allocated into this region; it can only be populated by stash
writes. Similarly, stash writes are only allocated into this region. This prevents processor and stashed
I/0 data from polluting one another.

00 No stash-only region. Stashed writes are 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.

6.3.1.2 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.

6.3.1.2.1 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 has identical fields, as shown in Figure 6-8.

Offset 0x2_0010 Access: Read/Write
0x2_0020
0x2_0030
0x2_0040
0 23|24 31
R
ADDR —
w
Reset All zeros

Figure 6-8. Cache External Write Address Registers (L2CEWARN)
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Table 6-5 describes L2CEWARN fields.
Table 6-5. L2ZCEWARnN Field Descriptions

Bits Name Description

0-23 ADDR | Contains the lower 24 bits of the 28-bit L2 cache external write base address. Note that the upper 4
bits of the base address are in L2ZCEWAREAN[ADDR].

24-31 — Reserved

6.3.1.2.2 L2 Cache External Write Address Registers Extended Address 0-3
(L2CEWAREAN)

The L2 cache external write address registers extended address (L2CEWAREAN), shown in Figure 6-9,
contain the upper 4 bits of the 28-bit L2 cache external write base address.

Offset 0x2_0014 Access: Read/Write
0x2_0024
0x2_0034
0x2_0044
0 27 | 28 31
R
— ADDR
w
Reset All zeros

Figure 6-9. Cache External Write Address Registers Extended Address (L2CEWAREAN)

Table 6-6 describes the fields of L2ZCEWAREAN.
Table 6-6. L2ZCEWAREAnN Field Descriptions

Bits Name Description
0-27 — Reserved
28-31 ADDR | Contains the upper 4 bits of the L2 cache external write base address. Note that the rest of the base
address is in L2ZCEWARN[ADDR].

6.3.1.2.3 L2 Cache External Write Control Registers 0—-3 (L2CEWCRn)

The L2CEWARN/L2CEWAREAnN address registers work with the L2 cache external write control
registers 0-3 (L2CEWCRn), shown in Figure 6-10, to control cache external write functionality.

Offset 0x2_0018 Access: Read/Write
0x2_0028
0x2_0038
0x2_0048

o 1 2 3|4 31

E |[LOCK| — SIZMASK

Reset All zeros

Figure 6-10. Cache External Write Control Registers (L2CEWCR0-L2CEWCR3)
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The L2ZCEWCRnN registers contain identical fields, which are described in Table 6-7.

Table 6-7. L2ZCEWCRn Field Descriptions

Bits

Name

Description

External write enable. An external write matching the address window defined by
L2CEWARN/L2CEWAREAN/L2CEWCRn is allocated or updated in the L2 cache.
0 External writes for the L2ZCEWARN/L2CEWAREAN/L2CEWCRnN set are disabled.
1 External writes are enabled for the L2ZCEWARn/L2CEWAREAN/L2CEWCRn set.

LOCK

Lock lines in the targeted cache. An external write matching the address window defined by
L2CEWARN/L2CEWAREAN/L2CEWCRn is locked in the L2 cache when it is allocated or updated.

0 The locked bit is not set when a line is allocated unless explicitly specified by transaction attributes.
1 Cache lines are allocated as locked. A hit to a valid, unlocked line sets the lock.

Reserved

4-31

SIZMASK

Mask size. Defines the size of the naturally aligned address region for cache external writes. The
address region must be aligned to a boundary that is a multiple of the mask size. Any value not listed
below is illegal and produces boundedly undefined results.

1111 1111 1111 1111 1111 1111 1111 256 bytes 1111 1111 1111 1000 0000 0000 0000 8 Mbytes
111111111111 1111 1111 1111 1110512 bytes 1111 1111 1111 0000 0000 0000 0000 16 Mbytes
111111111111 1111 1111 1111 1100 1 Kbyte 1111 1111 1110 0000 0000 0000 0000 32 Mbytes
111111111111 1111 1111 1111 1000 2 Kbytes 1111 1111 1100 0000 0000 0000 0000 64 Mbytes
111111111111 1111 1111 1111 0000 4 Kbytes 11111111 1000 0000 0000 0000 0000 128 Mbytes
111111111111 1111 1111 1110 0000 8 Kbytes 11111111 0000 0000 0000 0000 0000 256 Mbytes
11111111 1111 1111 1111 1100 0000 16 Kbytes 1111 1110 0000 0000 0000 0000 0000 512 Mbytes
11111111 1111 1111 1111 1000 0000 32 Kbytes 1111 1100 0000 0000 0000 0000 0000 1 Gbyte
11111111 1111 1111 1111 0000 0000 64 Kbytes 1111 1000 0000 0000 0000 0000 0000 2 Gbytes
11111111 1111 1111 1110 0000 0000 128 Kbytes 1111 0000 0000 0000 0000 0000 0000 4 Gbytes
11111111 1111 1111 1100 0000 0000 256 Kbytes 1110 0000 0000 0000 0000 0000 0000 8 Gbytes
11111111 1111 1111 1000 0000 0000 512 Kbytes 1100 0000 0000 0000 0000 0000 0000 16 Gbytes
111111111111 1111 0000 0000 0000 1 Mbyte 1000 0000 0000 0000 0000 0000 0000 32 Gbytes
11111111 1111 1110 0000 0000 0000 2 Mbytes 0000 0000 0000 0000 0000 0000 0000 64 Gbytes
11111111 1111 1100 0000 0000 0000 4 Mbytes

6.3.1.3

L2 Memory-Mapped SRAM Registers

The registers described in this section, the L2 memory-mapped SRAM base address registers 0-1
(L2SRBARN) and the L2 memory-mapped SRAM base address registers extended address 0-1
(L2SRBAREAN), control the memory-mapped SRAM mode functionality. Together, these two pairs of
registers define memory blocks that can be mapped into the L2 cache.

Specified SRAM base addresses must be aligned to the size of the SRAM region. If L2ZCTL[L2SRAM]
specifies one memory-mapped SRAM block, its base address must be written to the pair L2ZSRBARO and
L2SRBAREAQ; if it specifies two memory-mapped SRAM blocks, L2SRBARO and L2SRBAREAO are
used for the first SRAM block and L2SRBAR1 and L2SRBAREA1 are used for the second block.
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6.3.1.3.1 L2 Memory-Mapped SRAM Base Address Registers 0-1 (L2SRBARN)

The L2 memory-mapped SRAM base address registers (L2SRBARnN), shown in Figure 6-11, contain the
lower 18 bits of the 22-bit SRAM base address.

Offset 0x2_0100 Access: Read/Write
0x2_0108
0 ‘ ‘ ‘ 17 18 31
R
ADDR —
w
Reset All zeros

Figure 6-11. L2 Memory-Mapped SRAM Base Address Registers (L2SRBARn)

L2SRBAR hits are described in Table 6-8.
Table 6-8. L2SRBARnN Field Descriptions

Bits | Name Description

0-17 | ADDR | Contains the lower 18 bits of the 22-bit L2 memory-mapped SRAM base address; the upper 4 bits are
contained in L2SRBAREAN[ADDRY]. (Note that some of these bits may not be needed, depending on how the
L2 cache is partitioned.) The combined base address from L2SRBAREANR[ADDRY] || L2SRBARN[ADDRY] is
used as follows:

SRAM Partition Bits Required for SRAM Offset Bits Used for Actual Base Address

64 Kbytes 16 20 (0-19)
128 Kbytes 17 19 (0-18)
256 Kbytes 18 18 (0-17)
512 Kbytes 19 17 (0-16)

Unused bits of the base address are masked off by the hardware.

18-31 — Reserved

When enabled, the windows defined in L2ZSRBARN and L2SRBAREAN supersede all other mappings of
these addresses for processor and global (snoopable) /O transactions. Therefore, SRAM windows must
never overlap configuration space as defined by CCSRBAR (see Section 4.3.1.1.2, “ Configuration,
Control, and Status Registers Base Address Register (CCSRBAR).”) Overlapping SRAM and local access
windowsis discouraged because processor and snoopable /O transactions would map to the SRAM while
non-snooped I/0 transactions would be mapped by the local access windows. Only if all accesses to the
SRAM address range are snoopable can results be consistent if SRAM and |local access windows overlap.
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6.3.1.3.2 L2 Memory-Mapped SRAM Base Address Registers Extended Address 0-1
(L2SRBAREAN)

The L2 memory-mapped SRAM base address registers extended address (L2SRBAREAN), shown in
Figure 6-12, contain the upper 4 bits of the L2 cache SRAM base address.

Offset 0x2_0104 Access: Read/Write
0x2_010C
0 ‘ ‘ ‘ ‘ ‘ 27 | 28 31
R
— ADDR
w
Reset All zeros
Figure 6-12. L2 Memory-Mapped SRAM Base Address Registers Extended Address 0-1
(L2SRBAREAN)

Table 6-9 describes the fields of L2SRBAREAN.
Table 6-9. L2ZSRBAREAn Field Descriptions

Bits Name Description
0-27 — Reserved
28-31 ADDR | Contains the upper 4 bits of the L2 cache SRAM base address. Note that the 18 low-order bits of the
base address are contained in LZSRBARN[ADDR].

6.3.1.4 L2 Error Registers

L2 error detection, reporting, and injection allow flexible handling of ECC and parity errorsin the L2 data
and tag arrays. When the device detects an L 2 error, the appropriate bit in the error detect register
(L2ERRDET) isset. Error detection isdisabled by setting the corresponding bit in the error disable register
(L2ERRDIS).

The address and attributes of the first detected error are also saved in the error capture registers
(L2ZERRADDR, L2ERRATTR, L2CAPTDATAHI, L2ZCAPTDATALO, and L2CAPTACC). Subsequent
errors set error bitsin the error detection registers, but information is saved only for the first one. Error
reporting (by generating an interrupt) is enabled by setting the corresponding bit in the error interrupt
enableregister (L2ZERRINTEN). Note that the error detect bit is set regardless of the state of the interrupt
enable bit. When an error is detected, if error detection is enabled the L2 cache/SRAM always asserts an
internal error signal with read datato prevent the L1 caches and architectura registers from being loaded
with corrupt data. If error detection is disabled, the detected error bit is not set and no internal signal is
asserted.

The L2 error detect register (L2ERRDET) isimplemented as a bit-reset type register. Reading from this
register occurs normally; however, write operations can clear but not set bits. A bit iscleared whenever the
register iswritten and the datain the corresponding bit location isa 1. For example, to clear bit 6 and not
affect any other bitsin the register, the value 0x0200_0000 is written to the register.

Note that in SRAM mode, if a non—cache-line read or write transaction is not preceded by a cache-line
write, an ECC error occurs; such a non—cache-line write transaction cannot be allocated in the L 2.
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6.3.1.4.1 Error Injection Registers

The L2 cache includes support for injecting errorsinto the L2 data, data ECC, or tag. This may be used to
test error recovery software by deterministically creating error scenarios.

The preferred method for error injectionisto set all datapagesto cache-inhibited (MMU TLB entry | = 1)
except a scratch page, set L2CTL[L2DO] to prevent allocation of instruction accesses, and invalidate the
L2 by setting L2CTL[L2l] = 1. The following code sequence triggers an error, then detectsit (A isan
address in the scratch page):

dcbz A | allocates the line in the L1 in the nodified state
dcbtls_ L2 A | forces the line fromthe L1 and allocates the line in the L2
lwz A

Data or tag errors are injected into the line, according to the error injection settings in L2ERRINJHI,
L2ERRINJLO, and L2ERRINJCTL, at allocation. The final load detects and reports the error (if enabled)
and allows software to examine the offending data, address, and attributes.

Note that error injection enable bitsin LZERRINJCTL must be cleared by software and the L2 must be
invalidated (by setting L2CTL[L2I]) before resuming L2 normal operation. Figure 6-13 showsthe L2
error injection mask high register (L2ERRINJHI).

Offset 0x2_0E00 Access: Read/Write
0 | | | | | | | S
R EIMASKHI
w
Reset All zeros

Figure 6-13. L2 Error Injection Mask High Register (L2ZERRINJHI)

Table 6-10 describes L2ERRINJHI[EIMASKHI].
Table 6-10. L2ZERRINJHI Field Description

Bits Name Description

0-31 | EIMASKHI | Error injection mask/high word. A set bit corresponding to a data path bit causes that bit on the data path
to be inverted on cache/SRAM writes if L2ZERRINJCTL[DERRIEN] = 1.

Figure 6-14 showsthe L2 error injection mask low register (L2ERRINJLO).

Offset 0x2_0E04 Access: Read/Write
0 | | | | | | a
R
EIMASKLO
w
Reset All zeros

Figure 6-14. L2 Error Injection Mask Low Register (L2ZERRINJLO)
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Table 6-11 describes L2ERRINJLO[EIMASKLOQ].

Table 6-11. L2ZERRINJLO Field Description

Bits

Name

Description

0-31

EIMASKLO

Error injection mask/low word. A set bit corresponding to a data path bit causes that bit on the data path
to be inverted on SRAM writes if LZERRINJCTL[DERRIEN] = 1.

Figure 6-15 shows the L2 error injection mask control register (L2ERRINJCTL).

Offset 0x2_0E08

Access: Read/Write

0 ‘ ‘ ‘ 14 15 16 ‘ 21 22 23 24 31
R
W — TERRIEN — ECCMB | DERRIEN ECCERRIM
Reset All zeros

Figure 6-15. L2 Error Injection Mask Control Register (L2ERRINJCTL)
Table 6-12 describes L2ZERRINJCTL fields.

Table 6-12. L2ERRINJCTL Field Descriptions

Name

Description

Reserved

TERRIEN

L2 tag array error injection enable
0 No tag errors are injected.
1 All subsequent entries written to the L2 tag array have the parity bit inverted.

16-21

Reserved

22

ECCMB

ECC mirror byte enable.
0 ECC byte mirroring is disabled
1 The most significant data path byte is mirrored onto the ECC byte if DERRIEN = 1.

23

DERRIEN

L2 data array error injection enable:

0 No data errors are injected.

1 Subsequent entries written to the L2 data array have data or ECC bits inverted as specified in the
data and ECC error injection masks and/or data path byte mirrored onto ECC as specified by ECC
mirror byte enable.

Note: if both ECC mirror byte and data error injection are enabled, ECC mask error injection is

performed on the mirrored ECC.

24-31

ECCERRIM

Error injection mask for the ECC bits. A set bit corresponding to an ECC bit causes that bit to be
inverted on SRAM writes if DERRIEN = 1.
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6.3.1.4.2 Error Control and Capture Registers

The error control and capture registers control detection and reporting of tag parity, ECC and L2
configuration errors. L2 configuration errors areillegal combinations of L2 size and block size and are
detected when the L2 isenabled (L2CTL[L2E] = 1). Figure 6-16 shows the L2 error capture data high
register (L2CAPTDATAHI).

Offset 0x2_0E20 Access: Read Only
0 | | | | | | | 3
R L2DATA
w
Reset All zeros

Figure 6-16. L2 Error Capture Data High Register (L2ZCAPTDATAHI)

Table 6-13 describes L2ZCAPTDATAHI[L2DATA].
Table 6-13. L2CAPTDATAHI Field Description

Bits Name Description

0-31 L2DATA L2 data high word

Figure 6-17 showsthe L2 error capture data low register (L2ZCAPTDATALO).

Offset 0x2_0E24 Access: Read Only
0 | | | | | | 3
R L2DATA
W
Reset All zeros

Figure 6-17. L2 Error Capture Data Low Register (L2CAPTDATALO)

Table 6-14 describes L2ZCAPTDATALO[L2DATA].
Table 6-14. L2CAPTDATALO Field Description

Bits Name Description

0-31 L2DATA L2 data low word

Figure 6-18 shows the L2 error syndrome register (L2CAPTECC).

Offset 0x2_0E28 Access: Read Only
0 ‘ 708 ‘ ‘ ‘ 23 | 24 31
R ECCSYND ECCCHKSUM
W —
Reset All zeros

Figure 6-18. L2 Error Syndrome Register (L2CAPTECC)
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Table 6-15 describes L2CAPTECC fields.

Table 6-15. L2ZCAPTECC Field Descriptions

Bits Name Description

0-7 ECCSYND | The calculated ECC syndrome of the failing double word
8-23 — Reserved
24-31 | ECCCHKSUM | The data path ECC of the failing double word

Figure 6-19 shows the L2 error detect register (L2ERRDET).

Offset 0x2_0E40 Access: Wic
0 1 ‘ ‘ ‘ ‘ ‘ ‘ 26 27 28 29 30 31
R|MULL2ERR TPARERR |MBECCERR|SBECCERR L2CFGDIS
w Wic N wic wic wic N wic
Reset All zeros

Figure 6-19. L2 Error Detect Register (L2ZERRDET)

Table 6-16 describes L2ERRDET fields.

Table 6-16. L2ZERRDET Field Descriptions

Bits

Name

Description

MULL2ERR

Multiple L2 errors (bit reset, write 1 to clear)
0 Multiple L2 errors of the same type were not detected
1 Multiple L2 errors of the same type were detected

1-26

Reserved

27

TPARERR

Tag parity error (bit reset, write 1 to clear)

0 Tag parity error was not detected

1 Tag parity error was detected

Note that if an L2 cache tag parity error occurs on an attempt to write a new line, the L2 cache must
be Flash invalidated. L2 functionality is not guaranteed if Flash invalidation is not performed after a
tag parity error.

28

MBECCERR

Multiple-bit ECC error (bit reset, write 1 to clear)
0 Multiple-bit ECC errors were not detected
1 Multiple-bit ECC errors were detected

29

SBECCERR

Single-bit ECC error (bit reset, write 1 to clear)
0 Single-bit ECC error was not detected
1 Single-bit ECC error was detected.

30

Reserved

31

L2CFGERR

L2 configuration error (bit reset, write 1 to clear)

0 L2 configuration errors were not detected

1 L2 illegal configuration error detected. Reports inconsistencies between the L2SRAM,
L2STASHDIS and L2STASHCTL fields of the L2 control register (L2CTL)
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Figure 6-20 showsthe L2 error disable register (L2ERRDIS).

Offset 0x2_0E44 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ ‘ 26 27 28 29 30 31
R
W — TPARDIS |MBECCDIS0|SBECCDIS | — |L2CFGDIS
Reset All zeros

Figure 6-20. L2 Error Disable Register (L2ERRDIS)

Table 6-17 describes L2ERRDI S fields.
Table 6-17. L2ZERRDIS Field Descriptions

Bits Name Description

0-26 — Reserved

27 TPARDIS | Tag parity error disable
0 Tag parity error detection enabled
1 Tag parity error detection disabled

28 | MBECCDIS | Multiple-bit ECC error disable. Note that uncorrectable read errors may cause the assertion of
core_fault_in, which causes the core to generate a machine check interrupt, unless it is disabled (by
clearing HID1[RFXE]). If RFXE is zero and this error occurs, MBECCDIS must be cleared and
L2ERRINTEN[MBECCINTEN] must be set to ensure that an interrupt is generated. For more information,
see the reference manual for the e500 core.

0 Multiple-bit ECC error detection enabled

1 Multiple-bit ECC error detection disabled

29 | SBECCDIS | Single-bit ECC error disable
0 Single-bit ECC error detection enabled
1 Single-bit ECC error detection disabled

30 — Reserved

31 L2CFGDIS | L2 configuration error disable
0 L2 configuration error detection enabled
1 L2 configuration error detection disabled

Figure 6-21 showsthe L2 error interrupt enable register (L2ERRINTEN). When an enabled error
condition exists, the L2 signals an interrupt to the core through the internal int signal.

Offset 0x2_0E48 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ ‘ 26 27 28 29 30 31
R
W —_ TPARINTEN |[MBECCINTEN |SBECCINTEN | — |L2CFGINTEN
Reset All zeros

Figure 6-21. L2 Error Interrupt Enable Register (L2ERRINTEN)
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Table 6-18 describes L2ZERRINTEN fields.
Table 6-18. L2ZERRINTEN Field Descriptions

Bits Name Description

0-26 — Reserved

27 TPARINTEN | Tag parity error reporting enable
0 Tag parity error reporting disabled
1 Tag parity error reporting enabled

28 MBECCINTEN | Multiple-bit ECC error reporting enable. Note that uncorrectable read errors may cause the
assertion of core_fault_in, which causes the core to generate a machine check interrupt, unless it
is disabled (by clearing HID1[RFXE]). If RFXE is zero and this error occurs,
L2ERRDIS[MBECCDIS] must be cleared and MBECCINTEN must be set to ensure that an
interrupt is generated. For more information, see the reference manual for the €500 core.

0 Multiple-bit ECC error reporting disabled

1 Multiple-bit ECC error reporting enabled

29 SBECCINTEN | Single-bit ECC error reporting enable
0 Single-bit ECC error reporting disabled
1 Single-bit ECC error reporting enabled

30 — Reserved

31 L2CFGINTEN | L2 configuration error reporting enable
0 L2 configuration error reporting disabled
1 L2 configuration error reporting enabled

Figure 6-22 shows the L2 error attributes capture register (L2ERRATTR).

Offset 0x2_0E4C Access: Read/Write
01 2 3 14 5 7 8 9 10 11‘ 15(16 17 18 19 |20 ‘ ‘ 30 31
R
wl™ DWNUM|— |TRANSSIZ |BURST| — | TRANSSRC | — |TRANSTYPE — VALINFO
Reset All zeros

Figure 6-22. L2 Error Attributes Capture Register (L2ZERRATTR)

Table 6-19 describes L2ZERRATTR fields.
Table 6-19. L2ZERRATTR Field Descriptions

Bits Name Description

0-1 — Reserved

2-3 DWNUM Double-word number of the detected error (data ECC errors only)
4 — Reserved

5-7 TRANSSIZ | Transaction size for detected error

Single-beat Burst Single-beat Burst
000 8 bytes Reserved 100 4 bytes Reserved
001 1 byte 16 bytes 101 5 bytes Reserved
010 2 bytes 32 bytes 110 6 bytes Reserved
011 3 bytes Reserved 111 7 bytes Reserved
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Table 6-19. L2ZERRATTR Field Descriptions (continued)

Bits Name Description

8 BURST Burst transaction for detected error
0 Single-beat (< 64 bits) transaction
1 Burst transaction

9-10 — Reserved

11-15 | TRANSSRC | Transaction source for detected error
00000 External (system logic)
10000 Processor (instruction)
10001 Processor (data)

16-17 — Reserved

18-19 | TRANSTYPE | Transaction type for detected error
00 Snoop (tag/status read)

01 Write
10 Read
11 Read-modify-write
20-30 — Reserved
31 VALINFO L2 capture registers valid

0 L2 capture registers contain no valid information or no enabled errors were detected.

1 L2 capture registers contain information of the first detected error which has reporting enabled.
Software must clear this bit to unfreeze error capture so error detection hardware can overwrite
the capture address/data/attributes for a newly detected error.

Figure 6-23 shows the L2 error address capture register low (L2ZERRADDRL).

Offset 0x2_0E50 Access: Read Only
0 | | | | | | 8
R L2ADDRL
w
Reset All zeros

Figure 6-23. L2 Error Address Capture Register (L2ZERRADDRL)

Table 6-20 describes L2ZERRADDRL[L2ADDRL].
Table 6-20. L2ZERRADDRL Field Description

Bits Name Description

0-31 L2ADDRL L2 address bits 4-35 corresponding to detected error
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Figure 6-24 shows the L2 error address capture register high (L2ZERRADDRH).

Offset 0x2_0E54 Access: Read Only
0 ‘ ‘ ‘ ‘ ‘ ‘ 27|28 31
R L2ADDRH
W —
Reset All zeros

Figure 6-24. L2 Error Address Capture Register (L2ZERRADDRH)

Table 6-21 describes L2ZERRADDRH[L2ADDRH].
Table 6-21. L2ZERRADDRH Field Description

Bits Name Description
0-27 — Reserved
28-31 L2ADDRH L2 address bits 0—3 corresponding to detected error

Figure 6-25 shows the L2 error control register (L2ZERRCTL).

Offset 0x2_0E58 Access: Read/Write
0 ‘ 7|8 ‘ 15| 16 ‘ 23|24 31
R
W — L2CTHRESH — L2CCOUNT
Reset All zeros

Figure 6-25. L2 Error Control Register (L2ERRCTL)

Table 6-22 describes L2ZERRCTL fields.
Table 6-22. L2ZERRCTL Field Descriptions

Bits Name Description

07 — Reserved

8-15 |L2CTHRESH | L2 cache threshold. Threshold value for the number of ECC single-bit errors that are detected before
reporting an error condition.

16-23 — Reserved

24-31 L2CCOUNT | L2 count. Counts ECC single-bit errors detected. If L2ZCCOUNT equals the ECC single-bit error
trigger threshold, an error is reported if single-bit error reporting is enabled.

6.4 External Writes to the L2 Cache (Cache Stashing)

Datafrom an 1/O master can be allocated into the L 2 cache while simultaneously being written to memory.
Externa (stashed) writes can be performed from any 1/0 master. For example:

» Ethernet
» PCI/PCI-Express
 DMA
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Stashing is controlled either by an attribute from theinitiator of awrite or by addressrangeregistersin the
L2 cache. New cache lines are allocated for full-cache-linewrites (unlessthelineisalready resident inthe
cache). Sub-cache-line write datais stashed only if the line is already valid in the cache. For these
sub-cache-line writes, aread-modify-write process is used to merge the write data with the valid data
already in the cache.

For information on how to initiate cache stashing from an 1/O master, see the respective chapters for the
I/O masters that support stashing.

For address range based control of stashing, the L2 cache external write address registers 0-3
(L2CEWARN) and the L2 cache external write address registers extended address 0-3 (L2ZCEWAREAN)
are used with the L2 cache external write control registers 0-3 (L2CEWCRN) to control the cache stashing
functionality. Each register set (for example L2ZCEWARO, L2CEWAREAO, and L2CEWCRO) specifiesa
programmed memory range that can be allocated and optionally locked with a global write transaction.
The address register must be naturally aligned to the window size in the corresponding control register.
For more information, see Section 6.3.1.2, “L 2 Cache External Write Registers.”

Note that stashing can occur regardless of whether the L1 cacheis enabled or whether the cache-inhibited
bit in the MMU is set for the page.

6.4.1 Stash-Only Cache Regions

In order to prevent stashed 1/O data from polluting processor datain the L2 cache (and vice versa), it is
possible to create stash-only regions. Thisis controlled by the L2STASHCTL field of L2CTL. See
Section 6.3.1.1, “L2 Control Register (L2CTL).”

If astash-only regionis created, then that region of the cache isonly used for stashed 1/0 data, and stashed
I/O data does not cause the eviction of processor data; they are kept in separate ways of each set. The
processor may allocate data into the ways of the cache that are not allocated to SRAM or stash-only
memory. Replacement within the stash-only region and the processor region isgoverned by apseudo-LRU
algorithm modified by masksthat allow only applicable ways of a cache set to be considered for
replacement.
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6.5 L2 Cache Timing

Table 6-23 shows the timing of back-to-back loads that missin the L1 data cache and hit in the L2 cache,
assuming the coreisrunning at 2 1/2 timesthe L2 cache frequency. The L2 returns the 128 bits containing
the requested data (critical quad word) first. This datais forwarded to the result register before the full
cachelinereloadsthe L1.

Table 6-23. Fastest Read Timing—Hit in L2

Core 1123 |4|5|6|7|8|9|10|11|12| 13|14 |15|16|17 |18 | 19 |20 |21 |22 |23 |24 |25] 26
Clocks
€500 core b
©
load 1 g =
. 2k
2 8 o
o | E mlo o |o
S|e L8 I8 |3
S5 |2 (o 2|0 |2 |2 |5
0|lo |0 |D o2 (2 |2 |2
eld|e |0 2919 |9 |2
€500 core T
©
load 2 g =
. 2k
° Q o | o
S mio|lo|lon
Slo LIg|® |3
ENE SEAHHE
o|lo O D O |@
eld|e|o 221212 |2
CcCB <1 2 3 4 5 6 7 8 9 10 11>
clocks
CCB addr BG TS AACK HIT
bus load 1 DATA-
COMING
CCB addr BG TS AACK HIT
bus load 2 DATA-
COMING
CCB data DATA DATA
bus
load 1
CCB data DATA DATA
bus
load 2

6.6 L2 Cache and SRAM Coherency

This section explains the rules of cache and memory-mapped SRAM coherency. The term ‘ snoop
transaction’ refersto transactions initiated by the system logic or by 1/0O traffic, as opposed to €500
core-initiated transactions.
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6.6.1

L2 Cache Coherency Rules

L2 cache coherency rules are as follows:

The L2 isnon-inclusive of the L1—valid L1 lines may be valid or invalid in the L2.

The L2 cache holds no modified data. Dataisin one of four states—invalid, exclusive, exclusive
locked, and stale.

The L2 allocates entriesfor data cast out or pushed (non-global, non-write-through write with kill)
from the L1 caches.

Lines for e500 core-initiated burst read transactions are allocated as exclusive in the L2.

The L2 supports I/O devices reading data from valid lines in the L 2 cache (data intervention) if
L2CTL[L2INTDIS] = 0. Anoptional unlock attribute causes1/O readsto clear alock whentheread
is performed.

The L2 cache does not respond to cache-inhibited read transactions.

€500 core-initiated, cache-inhibited store transactions invalidate the line when they hit on avalid
L2 line. If thelineislocked, it goesto the stale state. For other write transactions the
cache-inhibited bit isignored.

Non-burst cacheable write transactions from the €500 core (generated by write-through cacheable
stores) update a valid L2 cache line through a read-modify-write operation.

€500 core cast out transactionsthat hit on astale linein the L2 cache cause adata update of theline
and a change to the valid locked state for that line.

An e500 core-initiated, cacheable, non-write-through store that missesin the L1 and hitson aline
inthe L2 invalidates that linein the L2. If the line is marked exclusive locked, the L2 marks the
line as stale.

Transactions that hit astale L2 cache line that would cause an alocate if they miss cause a data
update of the line (when data arrives from memory) and a change to the line’s valid locked state.
Dataisnot supplied by the L2 cache for theread in this case.

The following transactions kill the data and the respective locks when they hit avaid L2 line:
— dcbf
— dcbi

The L2 cache supports mixed cache external writes and core-initiated writesto the same addresses
if the core-initiated writes are marked coherency-required, caching allowed, not write-through
(WIMG = 001x) and the external writes are marked coherency-required, caching-allowed.

The L2 cache supports writes to the L2 cache from peripheral devices or from 1/O controllers
through snoop write transactions with addresses that hit in a programmed memory range. Full
cache line (32-byte) write transactions update the datafor avalid lineinthe L2 and if the lineis
not valid inthe L2, aline is allocated. Sub-cache line write transactions update the data only for
valid L2 cache lines through read-modify-write operations.

The L2 cache supports burst writes that lock an L2 cache line from peripheral devicesor from 1/0
controllers through write transactions with addresses that hit in a programmed memory range that
has the lock attribute set.
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» The L2 cache supports burst writes that allocate and/or lock an L2 cache line from peripheral
devices or 1/0O controllers through a write all ocate transaction. See the system logic programming
model (for example, that of the DMA controller) for details on how to set the transaction type for
cache external writesto the L2.

6.6.2 Memory-Mapped SRAM Coherency Rules

Memory-mapped SRAM coherency rules are asfollows:

» External (non—core-initiated) accesses to memory-mapped SRAM must be marked
coherency-required. External accessesto memory-mapped SRAM marked coherency-not-required
may cause an address unavailable error.

» Accesses to memory-mapped SRAM are cacheable only in the corresponding €500 L 1 caches.
External accesses must be marked cache-inhibited or be performed with non-caching transactions.

6.7 L2 Cache Locking

The caches can be locked and cleared using the following methods:
» Cachelocking methods

— Individua line locks are set and cleared using instructions defined by the €500 cache locking
APU, which is part of the Freescale embedded implementation standards (EIS). These
instructionsinclude 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).
For detailed information about these instructions, see the PowerPC €500 Core Reference
Manual.

— 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
address registers (L2CEWARnN).

— The entire cache can be locked by setting a configuration registers appropriately

» Methodsfor clearing locks
— Individual locks can be cleared by cache locking APU instructions (Instruction Cache Block

Lock Clear (icblc) and Data Cache Block Lock Clear (dcblc)) or by snooped flush unless the
entire cache islocked.

— Hash clearing of all instruction and/or data locks can be done by writes to configuration
registers.
— Anunlock attribute can be attached to I/O read operations.

6.7.1 Locking the Entire L2 Cache

The entire L2 cache can be locked by setting L2CTL[L2DO] =1 and L2CTL[L2IO] = 1. Thishasthe
effect of preventing any further allocation of new lines in the cache by core requests. If there arelinesin
the cache that are not valid, they cannot be used by core requests until the cache is unlocked. While the
cacheislocked, read requests are serviced as normal, and snooping continues as normal to maintain
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coherency. Linesinvalidated to satisfy coherency requirements cannot be reallocated by core requests
while the cache remains locked. The L2 cache can be unlocked by clearing L2CTL[L2IO] and/or
L2CTL[L2DO]. Notethat L2CTL[L2DO] and L2CTL[L2IQ] have no effect on cache external write
allocations or memory-mapped SRAM.

Note that this form of cache locking does not use the lock bits of the cache and cannot be cleared by
resetting the cache or lock bits.

6.7.2 Locking Programmed Memory Ranges

A programmed memory range can be locked with a snoop write transaction that matches a cache external
write address range (specified by L2ZCEWARN/L2CEWAREAN and L2CEWCRnN). There are no clearing
of locks through the programmed address ranges. L ocks can be cleared using clear lock instructions,
flushes, read-and-clear-lock snoop (RWNITC with clear lock attribute), or flash clear locks.

6.7.3 Locking Selected Lines

Individual lines are locked when the L2 receives one of the following burst transactions:
* icbtls (CT = 1)—Instruction Cache Block Touch and Lock Set instruction
* dcbtls (CT = 1)—Data Cache Block Touch and Lock Set instruction
* dcbtstls (CT = 1)—Data Cache Block Touch for Store and Lock Set instruction

*  Snoop burst write—If the address hits on a programmed cache external write space with the lock
attribute set, or if the write allocate transaction typeis used

*  Snoop non-burst write—If the address hits on a programmed cache external write space with the
lock attribute set

Notethat the core complex broadcaststheseinstructionstotheL2if the CT field in theinstruction specifies
the L2 cache (CT = 1). When the L2 cacheis specified, datais not placed intheL1, only theL2. If theL1
cacheis specified (CT = 0), the L2 does not lock the line, and the data is placed in the L1 (and locked).

When the touch lock set L2 instruction (dcbtlsor dcbtstls) hitsare modified in the L1 cache, the modified
datais allocated into the L2 cache (and written back to main memory) and adatalock isset. TheL1 line
state transitions to invalid.

Notethat if the L2 receives arequest to allocate and lock aline, but all linesin the selected way arelocked,
therequested L2 lineis not allocated and the L2 cache lock overflow bit (L2CTL[L2LQ]) is set.

Linesinvalidated to satisfy coherency requirements cannot be reallocated while the cache remains | ocked.

6.7.4 Clearing Locks on Selected Lines

Individual locksinthe L2 are cleared by alock clear (icblc or dcblc, CT = 1) instruction. Thisdirectsthe
L2 cacheto clear alock on that lineif it hitsin the L2 cache. Both data and instruction locks are cleared
by the icblc and dcblc instructions.

Notethat thelock on alineiscleared if thelineisinvalidated by a snooped Flush transaction, and the line
inthe cacheisavailable for allocation of anew line of instruction or data unless the entire cache islocked.
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6.7.5 Flash Clearing of Instruction and Data Locks

Locks for instructions and data are recorded separately in the L2 cache, and they can be flash cleared
separately by writing the appropriate value to the L2 cache control register (L2CTL[L2LFR] and
L2CTL[L2LFRID]). Flash invalidating of the L2 (setting L2CTL[L2I]) clears all locks on both
instructions and data.

Note that flash clearing is the only way to clear data locks without clearing instruction locks, or to clear
instruction locks without clearing datalocks. All instructions and snoop transactions that clear locks clear
both data and instruction locks.

6.7.6 Locks with Stale Data

If dataislocked inthe L2 and either the €500 core performs a cacheable copyback store or adcbtst misses
inthe L1, the L2 invalidates the line; however, the L2 clears the valid bit for the data, the lock remains,
and the line cannot be victimized. If the €500 core casts out modified data or pushesit in response to a
non-flush snoop, the L 2 updates the data and sets the valid bit again, maintaining the lock and keeping the
data in the cache hierarchy.

6.8 PLRU L2 Replacement Policy

Line replacement is determined using a pseudo | east-recently-used (PLRU) algorithm. Thereisavalid bit
(VO-V7)for eachline. To determine the replacement victim (the lineto be cast out), there are seven PLRU
bits (PO—P6) for each set. PLRU bits are updated every time anew line is allocated and every time an
existing line is read by the processor, updated by a write, or invalidated.

Figure 6-26 showsthe binary decision tree used to generate the victim line. The eight ways of the L2 cache
are labeled W0-W?7; the seven PLRU bits are |abeled PO—P6.

Yes No

|P4 = 07] |P5 = 07]

No Yes

Allocate Allocate Allocate Allocate Allocate Allocate Allocate Allocate
0 1 2 3 W4 W5 W6 W7

PO O 0 0 0 1 1 1 1
P1 O 0 1 1 X X X X
P2 x X X X 0 0 1 1
P3 0 1 X X X X X X
P4 x X 0 1 X X X X
P5 x X X X 0 1 X X
P6 x X X X X X 0 1

Figure 6-26. L2 Cache Line Replacement Algorithm
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6.8.1 PLRU Bit Update Considerations

PLRU bit updates depend on which cache way was last accessed, as summarized in Table 6-24.
Table 6-24. PLRU Bit Update Algorithm

Last Way PLRU Bits

Accessed PO|P1|P2|P3|P4|P5|P6
0 11 =1 ]=][=]=
1 11 ]—]o|—|=]=
2 1tlo|l—=|=]1]=|—=
3 1lo|—|—]o|—=|—
4 ol—|1]=]=|1]=
5 o|l—|1|=|=|o0|=
6 o|l—lo|—=|—=|—1|1
7 o|l—lo|—=|=|=]o

When an L2 lineisinvalidated, the PLRU bits are updated, marking the corresponding way as
least-recently used. This causes the invalidated way to be selected as the next victim.

6.8.2 Allocation of Lines

The general PLRU algorithm described above must be modified to take into account special features of
the L2 cache; namely SRAM regions, linelocking, and stash-only regions. Each of these features reserves
wayswithin each cache set such that someways are not eligiblefor allocation/victimization by the general
LRU agorithm.

To preserve the state of the ways that are set aside for other special functions, the PLRU pointers are
modified by a mask that is afunction of the L2 configuration registers, the lock bitsin the cache status
array, and initiator of the transaction. The mask effectively points the PLRU algorithm away from ways
that are not to be considered for replacement.

L2 cache lines are locked through the status array lock bits. There are two lock bits for each way of each
set (1024 sets by eight ways). These bits are set or cleared through special L2 controller commands.There
aretwo setsof lock bits, onefor instructions (10-17) and onefor data (D0-D7) for every line. Thelock bits
act asamask over the PLRU bits to determine victim selection. The PLRU bits are updated regardless of
line locking.

Lock bitsare used at alocate timeto steer the PLRU algorithm away from selecting locked victims. Inthe
following discussion, the eight lock bits for a particular set are called LO-L7.

Where Lock Wy i: Li =D | li, i=0.7 (DI = data lock, Ii = instruction |ock)
An effective value of each PLRU bit is calculated as follows:

PO_eff = f(PO, L0, L1,L2,L3, 14,15 L6,L7) = (LO & L1 & L2 & L3) | (PO & ~(L4 & L5 & L6 & L7))
Pl eff = f(P1,L0,L1,L2,L3) = (LO & L1) | (P1L & ~(L2 & L3))
P2 eff = f(P2,L4,L5 16,L7) = (L4 & L5) | (P2 & ~(L6 & L7))
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P3_eff = f(P3,L0,L1) = LO | (P3 & ~L1)
P4 eff = f(P4,L2,L3) = L2 | (P4 & ~L3)
P5 eff = f(P5,L4,L5) = L4 | (P5 & ~L5)
P6_eff = f(P6,L6,L7) = L6 | (P6 & ~L7)

These effective PLRU bits are used to select a victim, asindicated in Table 6-25.
Table 6-25. PLRU-Based Victim Selection Mechanism

Way Selected Effective.PLRU Re.duced Lo_gic Equati(_m
State (Binary) (using effective PLRU bits)

WO 00x0xxx ~P0 & ~P1 & ~P3

Wi 00x1xxx ~P0 & ~P1 & P3

w2 01xx0xx ~P0 & P1 & ~P4

W3 01xx1xx ~P0 & P1&P4

W4 1x0xx0x PO & ~P2 & ~P5

W5 1x0xx1x PO & ~P2 & P5

) 1x1xxx0 PO & P2 & ~P6

W7 1x1xxx1 PO & P2 & P6

6.9 L2 Cache Operation

This section describesthe behavior of the L1 and L2 cache in response to various operations and in various
configurations.

6.9.1 Initialization

6.9.1.1 L2 Cache Initialization

After power-on reset the valid bitsin the L2 cache status array are in random states. Therefore, itis
necessary to perform aflash invalidate before using the array asan L 2 cache. Thisisdone by writing aone
tothe L2I field of the L2 control register (L2CTL). This can be done before or simultaneously with the
write that enablesthe L2 cache. That is, the L2E and L 21 bits of L2CTL can be set smultaneoudly. The
L2l bit clears automatically, so no further writes are necessary.

6.9.1.2 Memory-Mapped SRAM Initialization

After power-on reset the contents of the data and ECC arrays are random, so all SRAM data must be
initialized beforeit isread. If the cache isinitialized by the processor or any other device that uses
sub-cache-line transactions, ECC error checking should be disabled during the initialization process to
avoid false ECC errors generated during the read-modify-write process used for sub-cache-line writesto
the SRAM array. Thisis done by setting the multi- and single-bit ECC error disable bits of the L2 error
disable register (L2ZERRDISIMBECCDIS, SBECCDIS]). See Section 6.3.1.4.2, “Error Control and
Capture Registers.” If the array isinitialized by aDMA engine using cache-line writes, ECC checking can
remain enabled during the initialization process.
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6.9.2 Flash Invalidation of the L2 Cache

The L2 cache may be completely invalidated by setting the L2I bit of the L2 control register (L2CTL).
Note that no datais lost in this process because the L2 cache is a write-through cache and contains no
modified data. Flash invalidation of the cacheis necessary when the cacheisinitially enabled and may be
necessary to recover from some error conditions such as atag parity error.

Theinvalidation processrequires several cyclesto complete. The L2l bit remains set during this procedure
and is then cleared automatically when the procedure is complete. The L2 cache controller issues retries
for all transactions on the €500 core complex bus while the flash invalidation processisin progress.

Note that the contents of memory-mapped SRAM regions of the data array are unaffected by aflash
invalidation of the L2 cache regions of the array.

6.9.3 Managing Errors

6.9.3.1 ECC Errors

Anindividual soft error that causes a single- or multi-bit ECC error can be cleared from the L2 array
simply by performing a dcbf instruction on the address captured in the L2ZERRADDR register. This
invalidates thelinein the L2 cache. When the load that caused the ECC error is performed again, the data
isreallocated into the L2 with ECC bits set properly again.

If the threshold for single bit errors set in the L2ERRCTL register is exceeded, then the L2 cache should
be flash invalidated to clear out all single-bit errors.

Notethat no dataislost by dcbfs or flash invalidates, since the L2 cacheis write-through and contains no
modified data.

6.9.3.2 Tag Parity Errors

A tag parity error must be fixed by flash invalidating the L2 cache. Note that a dcbf operation to the
address that caused the error to be reported is not sufficient since atag parity error isseen asan L2 miss
and does not cause invalidation of the bad tag. Proper L2 operation cannot be guaranteed if an L2 tag parity
error is not repaired by aflash invalidation of the entire array.

6.9.4 L2 Cache States
The L2 status array uses four bitsfor each line to determine the status of the line. Different combinations
of these bitsresult in different L2 states. The status bits are as follows:

o Vdid (V)

* Instruction locked (IL)

» Datalocked (DL)

o« Stae(T)
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Table 6-26 shows L 2 cache states. Note that these conventions are a'so used in Table 6-27.
Table 6-26. L2 Cache States

\" T | IL | DL L2 states

0 X X x |Invalid (1)

0 |Exclusive (E)

o | ©

1 | Exclusive data locked (EDL)

1 0 | Exclusive instruction locked (EIL)

1 1 | Exclusive instruction and data locked (EL)

0 |Stale (data invalid, locks invalid) (T)

1 | Stale (data invalid, dlock valid) (TDL)

1 1 1 0 |Stale (data invalid, ilock valid) (TIL)

1 1 1 1 | Stale (data invalid, locks valid) (TL)

6.9.5 L2 State Transitions

Table 6-27 lists state transitions for all €500 core-initiated transactions that change the L2 cache state.
Core-initiated transactions caused when the core executes msync, mbar, tIbivax, or tibsync do not change
the L2 cache state. Thetable does not list initial L1 states for transactions that hit inthe L1 (iL1 or dL1)
and are not sent to the L 2.

In thetable, the heading ‘L2 hit’ indicates that the L2 provides (on aread) or captures (on awrite) datafor
an existing line. Some entrieslist two final L1 states. L2 touch instructions never allocateintoilL1 or dL 1.

Notethat if the L2 SRAM isdisabled, the L2 initial and final states are always | and the L2 never hits.
Similarly, if the L2 SRAM isin full memory-mapped SRAM mode, the L2 initial and final states are
always | and the L2 never hits for addresses not in the memory-mapped SRAM address range. The L2
always hits for addresses in the enabled memory-mapped SRAM address ranges.

Table 6-27. State Transitions Due to Core-Initiated Transactions

Initial States L2 Final States
Source of Transaction Hit Comments

L1 L2 T L2
Cacheabile instruction fetch iL1 /T No I’V | same |L2CTL[L2DO] = 1. L2 touch instructions not
icbtls_LA1 | allocated in L1

| No A% E L2CTL[L2DO]=0

icbt_L2 dL1 E/EL | Yes A% same

LE T |No| W | EL |L2CTL[L2DO]= 0. Restore locked line in L2 with

valid data from bus

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1

Freescale Semiconductor 6-35



L2 Look-Aside Cache/SRAM

Table 6-27. State Transitions Due to Core-Initiated Transactions (continued)

Initial States L2 Final States

Source of Transaction Hit Comments
L1 L2 L1 L2
icbtls_L2 dL1 T No | same |L2CTL[L2DO] =1
LE E Yes | | L2CTL[L2DO] = 1
EL Yes | T |L2CTL[L2DO] =1
| No | EL |L2CTL[L2DO]=0
E Yes | EL |L2CTL[L2DO]=0
EL Yes | same |L2CTL[L2DO] =0
T No | EL |L2CTL[L2DO] = 0. Restore locked line in L2 with
valid data from bus
Cache-inhibited instruction N/A N/A No | N/A N/A | No L1/L2 effect
fetch
Cacheable load (4-state) dL1 /T No E same |L2CTL[L210] =1
g:gile_?b('j_'s"t";g (4-state) ! E |Yes| E | |L2CTLL210] = 1
dcbtls_L1 (4-state) EL Yes E T |L2CTL[L2I0] =1
| No E E |L2CTL[L2I0]=0
E/EL | Yes E same |L2CTL[L2I0]=0

T No EL EL |L2CTL[L2IO] = 0. Restore locked line in L2 with
valid data from bus

Cache-inhibited load N/A N/A No | N/A N/A |No L1/L2 effect
Cache-inhibited Iwarx N/A N/A No | N/A N/A | No L2 effect
Writeback Store dL1 T No M same |L2 allocates when a line is cast out of L1.
! E Yes M |
EL Yes M T
Writeback stwex dL1 T No M same
! E Yes M |
EL Yes M T
Cacheable load (3-state) dL1 | No E/l | L2CTL[L2IO] =1
g:t;'i‘i‘?l‘b('g's"t";g (3-state) ' No | EN | T |L2CTL[L2I0]=1
dcbtls_L1 (3-state) E Yes | E/ I L2CTL[L2I0] =1
EL Yes E/l T L2CTL[L2IO] =1
| No E/I E L2CTL[L2IO0] =0
dcbt_L2 dL1 E/EL | Yes E/l same [L2CTL[L2I10] =0
dobtst_L.2 LE T | No| EN | EL [L2CTL[L210] = 0. Restore locked line with valid
data from bus
dcbtst_L1 dL1 T No E same
dcbtstls_L1 | E Yes E |
EL Yes E T
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Table 6-27. State Transitions Due to Core-Initiated Transactions (continued)

Initial States L2 Final States
Source of Transaction Hit Comments
L1 L2 T L L2
dcbtls_L2 dL1 | No | | L2CTL[L2I0] =1
debtstls_L2 LE No | | T [L2CTLL210] = 1
E Yes | | L2CTL[L2I0] =1
EL Yes | T L2CTL[L2I0] =1
| No | EL |L2CTL[L2I0]=0
E/EL | Yes | EL |L2CTL[L2I0]=0
T No | EL |L2CTL[L2IO] = 0. Restore locked line with valid
data from bus
Write-through store dL1 T No | same |
LEM E/EL | Yes | same | same | Read-modify-write
Cache-inhibited store N/A I/E No | N/A | Invalidate line
EL/T | No | N/A T Invalidate data, keep lock
Cache-inhibited stwex N/A I/E No | N/A | Invalidate line
EL/T | No | N/A T Invalidate data, keep lock
dcblc_L2 dL1 I/E No | same | same
icblc_L2 I,LE,M EL No | same E
T No | same |
Victim castout dL1 T No | same |L2CTL[L210] = 1. If software sharing cache lines
dcbt_L2 M between instructions and data wishes to capture
icbt_L2 instruction lines in L2 with L2CTL[L210] = 1, it must
dcbtst_L2 perform dcbst to flush the line out of the dL1 before
Snoop push fetching it into L2.
| No | E L2CTL[L2I0]1 =0
E/EL |[No | I/T |L2CTL[L2I0] = 1.
Yes | Same |L2CTL[L2I0] = 0.
T Yes | EL |L2CTL[L2IO = 0.
dcbtls_L2 dL1 | No | EL |Anicbtls_L2 that hits modified in L1 cannot be
icbtls_L2 M distinguished from dcbtls_L2 and sets the L2 dlock
dcbtstls_L2 bit. If software shares cache lines between
instructions and data and wishes to set hillocks in
L2, it must perform dcbst to flush the line out of the
dL1 before locking it in L2.
E/EL/T | Yes | EL
dcbf dL1 I/E/EL | No | |
dcbst M
dcbz dL1 I/E No M |
dcba ' EL | No| M T
dcbi dL1 I/ No | |
ILE,M | E/EL/T
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Table 6-27. State Transitions Due to Core-Initiated Transactions (continued)

Initial States L2 Final States
Source of Transaction Hit Comments
L1 L2 T oL L2
dcbf dL1 I/ No | |
dcbst ILE E/EL/T
icbi iL1 I/ No | |
L,V E/EL/T

Table 6-28 lists L2 cache state transitions for all system-initiated (non-core) transactions that change the
L2. The transaction types and attributes listed follow MPX bus nomenclature, with the addition of write
allocate (burst write with L2 cache alocation). Table 6-28 accounts for changes caused by L1 snoop
pushes triggered by snoops, listed in Table 6-27.

Table 6-28. State Transitions Due to System-Initiated Transactions

Transaction Type Imst,'tzlté'z Fg‘tzlt:_;z Comments
Read, snoop local processor /T Same —
E E —
EL EL —
Read, unlock L2 cache line T | —
E/EL E —
Write 32-byte I/E/EL/T | Miss in cache external write (CEW) windows
| E Hit in CEW window
E/EL Same
T EL
I/E/EL/T EL Hit in CEW window (CEW lock attribute set)
Write < 32-byte I/E | Miss in CEW windows
EL/T T
T Same Hit in CEW window (no data is written)
(regardless of CEW lock attribute)
E/EL Same Hit in CEW window
E/EL EL Hit in CEW window (CEW lock attribute set)
Write, allocate L2 cache line 32-byte | I/E E Allocate regardless of CEW window
EL/T EL
Write, allocate L2 cache line < 32-byte | I/T Same No data is written
E/EL Same —
Write, allocate and lock L2 cache line |I/E/EL/T EL Allocate and lock regardless of CEW window
32-byte
Write, allocate and lock L2 cache line |I/T Same No data is written
< 32-byte E/EL EL —
ATOMIC increment, decrement, set, I/E | Invalidate line
and clear EL/T T Invalidate data, keep lock
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6.9.6 Error Checking and Correcting (ECC)

L2 Look-Aside Cache/SRAM

The L2 cache supports error checking and correcting (ECC) for the data path between the core master and
system memory. It detects all double-bit errors, detects all multi-bit errors within a nibble, and corrects all

single-bit errors. Other errors may be detected, but are not guaranteed to be corrected or detected.

Multiple-bit errors are always reported when error reporting is enabled. When asingle-bit error occurs, the
single-bit error counter register isincremented, and itsval ue compared to the single-bit error trigger register.
Anerror isreported when these values are equal . The single-bit error registers can be programmed such that

minor memory faults are corrected and ignored, but double- or multi-bit errors generate an interrupt.

The syndrome encodings for the ECC code are shown in Table 6-29 and Table 6-30.
Table 6-29. L2 Cache ECC Syndrome Encoding

Data
Bit

Syndrome Bit

2 13|45

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

Data Syndrome Bit
Bit Tol1]2[3[a]s
0 . .

1 . .

2 . .

3 . .

4 . . .
5 . . .
6 . . .
7 . . .
8 . .

9 . .

10 . .

11 . .
12 . . .
13 . . .
14 . . .
15 . . .
16 . .

17 . .

18 . .
19 . . .
20 . . .
21 . . .
22 . o | o
23 . . . .
24 o | o

55

56
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L2 Look-Aside Cache/SRAM

Table 6-29. L2 Cache ECC Syndrome Encoding (continued)

Data
Bit

Syndrome Bit

1 2

3

4|5

25

26

27

28

29

30

31

Data Syndrome Bit

Bit 234|567
57 . o | o
58 . . .
59 . .
60 o | o .

61 o | o o | o
62 . . . .
63 o | o | o o | o

Table 6-30. L2 Cache ECC Syndrome Encoding (Check Bits)

Check
Bit

Syndrome Bit

2

3

4

5

N O~ W N =IO
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Part lli
Memory, Security, and I/O Interfaces

Part I11 defines the memory, security and 1/O interfaces of the MPC8536E and it describes how these
blocksinteract with one another and with other blocks on the device. The following chapters areincluded:

Chapter 7, “e500 Coherency Module,” definesthe e500v2 coherency module and how it facilitates
communication between the é500v2 core complex, the L2 cache, and the other blocks that
comprise the coherent memory domain of the MPC8536E.

The ECM permits I/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 I/O-initiated transactions to be routed
(dispatched) to target modules on the MPC8536E.

Chapter 8, “DDR Memory Controller,” describesthe DDR2/DDR3 SDRAM memory controller of
the MPCB8536E. 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 9, “Programmable Interrupt Controller (PIC),” describes the programmable interrupt
controller (PIC) of the MPC8536E. The PIC is an OpenPIC-compliant interrupt controller that
provides interrupt management and is responsible for receiving hardware-generated interrupts
from different sources (both internal and external), prioritizing them and delivering them to the
CPU for servicing.

Chapter 10, “ Security Engine (SEC) 3.0,” describesthe security controller of the MPC8536E. The
SEC 3.0 off-loads computationally intensive security functions, such as key generation and
exchange, authentication, and bulk encryption from the processor cores of the MPC8536E. It is
optimized to process all cryptographic algorithms associated with 1Psec, IKE, SSL/TLS, iSCSI,
SRTP, 802.11i, 3G, A5/3 for GSM and EDGE, and GEA3 for GPRS.

Chapter 11, “12C Interfaces,” describestheinter-IC (lCorl 2C) bus controllers of the M PC8536E.
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
MPCB8536E 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, “ Enhanced Local BusController,” describesthe enhanced local buscontroller (eLBC).
The main component of the enhanced local bus controller isits memory controller, which provides
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a seamless interface to many types of memory devices and peripherals. The memory controller
controls eight memory banks shared by a general-purpose chip-select machine (GPCM), aNAND
flash control machine (FCM), and up to three user-programmable machines (UPMs). As such, it
supports aminimal glue logic interface to 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 two enhanced
three-speed Ethernet controllers. These controllers support 10/100/1Gb Ethernet with a complete
set of media-independent interface optionsincluding MIl, RMI1, GMII, RGMII, SGMII, TBI, and
RTBI. Each controller provides very high throughput using a captive DMA channel and direct
connection to the memory coherency module. The controllers provide two full-duplex FIFO
interface modes and quality of service support and are backward compatiblewith PowerQUICC |11
TSEC controllers.

Chapter 15, “DMA Controller,” describesthe four-channel general-purpose DMA controller of the
MPCB8536E. 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.

Chapter 16, “PCI Bus Interface,” describes the PCI interface, which complies with the PCI Local
Bus Specification, Rev. 2.3. This chapter provides a basic description of PCI bus operations. The
specific emphasisis directed at how this device implements the PCI specification.

Chapter 17, “PCI Express Interface Controller,” describesthe three PCl Express controllers of the
MPCB8536E. Each controller is compliant with the PCI Express Base Specification Revision 1.0a.
The physical layer of these controllers operate at 2.5 Gbaud per lane. Configuration options allow
multiple width configurations among the three controllers.

Chapter 18, “Enhanced Serial Peripheral Interface,” describesthe serial peripheral interface (SPI),
which allows data exchange between M PC85xx family devices. It can a so be used to communicate
with peripheral devices such as EEPROMS, real-time clocks, A/D converters, and ISDN devices.
Chapter 19, “SATA Controller,” describes the serial ATA controllers of the MPC8536E.

Chapter 20, “Enhanced Secure Digital Host Controller,” describes the enhanced SD Host
Controller, which provides an interface between the host system and SD and MMC cards. It
provides a functional description of the major system blocks and includes command information
for the host.

Chapter 21, “Universal Serial Bus Interfaces,” describes the three universal serial bus (USB)
interfaces. The USB moduleis a USB 2.0-compliant serial interface engine for implementing a
USB interface. The registers and data structures are based on the Enhanced Host Controller
Interface Specification for Universal Serial Bus (EHCI) from Intel Corporation. The USB
dual-role modules can act as a host or as a device on the USB bus.

Chapter 22, “ General Purpose|/O (GPIO),” describesthe general-purposeinput and output signals
of the MPC8536E.
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Chapter 7

€500 Coherency Module

71 Introduction

The €500 coherency module (ECM) provides aflexible switching structure for routing €500- and
I/O-initiated transactions to target modules on the device. Figure 7-1 shows ahigh-level block diagram of

the ECM.

Configuration

Bus
@
Q
Request g
Buses s
Qo

B Global Data Bus

Core Complex Bus (to/from €500)

Y

A

i

CCB Interface

Config
Reg’s

|

A

Port Data
Bus (internal)

.| Transaction

cCB
Arbiter
1/0 Arbiter

Queue

Dispatch Bus

Global
Data Bus
Arbiter

Data Bus
Internal Global

" (to OCeaN, DDR,
LBC,...)

(to OCeaN,
DDR, LBC...)

<—
x
>
= =«
S8 .
8 . Port Data Buses
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o) ®* DDR,LBC...)
Ke] .
(5 -l

Figure 7-1. €500 Coherency Module Block Diagram

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1

Freescale Semiconductor

7-1



€500 Coherency Module

711

Overview

The ECM routes transactions initiated by the €500 core to the appropriate target interface on the device.
In a manner analogous to a bridging router in alocal area network, the ECM forwards I/O-initiated
transactionsthat are tagged with the global attribute onto the core complex bus (CCB). Thisallows on-chip
cachesto snoop these transactions as if they were locally initiated and to take actions to maintain
coherency across cacheable memory.

7.1.2

Features

The ECM includes these distinctive features:

Support for the €500 core and an L2/SRAM on the CCB, including a CCB arbiter.

It sources a64-bit databusfor returning read datafrom the ECM to the €500 core and routing write
data from the ECM to the L2/SRAM. It sinks a 128-bit data bus for receiving data from the
L2/SRAM and a 128-bit write data bus from the €500 core.

Four connection pointsfor /O initiating (mastering into the device) interfaces. The ECM supports
five connection points for 1/0 targets. The DDR memory controller, enhanced local bus, OCeaN
targets, and configuration register access block all have atarget port connection to the ECM.

Split transaction support—separate address and data tenures allow for pipelining of transactions
and out-of -order data tenures between initiators and targets.

Proper ordering of 1/O-initiated transactions.
Speculative read bus for low-latency dispatch of reads to the DDR controller.
Low-latency path for returning read data from DDR to the €500 core.

Error registers trap transactions with invalid addresses. Errors can be programmed to generate
interrupts to the e500 core, as described in the following sections:

— Section 7.2.1.5, “ECM Error Detect Register (EEDR)”

— Section 7.2.1.6, “ECM Error Enable Register (EEER)”

— Section 7.2.1.7, “ECM Error Attributes Capture Register (EEATR)”

— Section 7.2.1.8, “ECM Error Low Address Capture Register (EELADR)”
— Section 7.2.1.9, “ECM Error High Address Capture Register (EEHADR)”

Errors from reading 1/0O devices terminate with data sent to the master with a corrupt attribute. 1f
the master is the €500 core, the ECM asserts core fault_in to the core, which causes the core to
generate a machine check interrupt, unlessit is disabled (by clearing HID1[RFXE]). If RFXEis
zero and one of these errors occurs, appropriate interrupts must be enabled to ensure that an
interrupt isgenerated. See Section 5.2, “ €500 Core Integration and the Core Complex Bus(CCB),”
and the PowerPC™ €500 Core Family Reference Manual.
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e500 Coherency Module

7.2 Memory Map/Register Definition

Table 7-1 shows the ECM’s memory map. Undefined 4-byte address spaces within offset Ox000—-OxFFF
arereserved.
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 7-1. ECM Memory Map

Local Memory Offset Register Access Reset Section/page
0x0_1000 EEBACR—ECM CCB address configuration register R/W 0x0000_0003 7.2.1.1/7-3
0x0_1010 EEBPCR—ECM CCB port configuration register R/W 0x0n00_0000 7.2.1.2/7-4
0x0_1BF8 ECM IP Block Revision Register 1 R 0x0001_0000 7.2.1.3/7-5
0x0_1BFC ECM IP Block Revision Register 2 R 0x0000_0000 7.2.1.4/7-5
0x0_1EOQ0 EEDR—ECM error detect register wic 0x0000_0000 7.2.1.5/7-6
0x0_1EO08 EEER—ECM error enable register R/W 0x0000_0000 7.2.1.6/7-7
0x0_1EOC EEATR—ECM error attributes capture register R 0x0000_0000 7.21.7/7-7
0x0_1E10 EELADR—ECM error low address capture register R 0x0000_0000 7.2.1.8/7-8
Ox0_1E14 EEHADR—ECM error high address capture register R 0x0000_0000 7.2.1.9/7-9

7.2.1 Register Descriptions

This section consists of detailed descriptions of those registers summarized in Table 7-1. Note that these
registers are shown in big-endian format.

7.21.1 ECM CCB Address Configuration Register (EEBACR)

The ECM CCB address configuration register, shown in Figure 7-2, controls arbitration and streaming
policies for the CCB.

Offset 0x0_1000 Access: Read/Write
0 ‘ ‘ ‘ ‘ ‘ ‘ 27 28 29 30 31

\Z — A_STRM_DIS |CORE_STRM_DIS|A_STRM_CNT
Resetooo0\000o\ooo0\0000\0000\0000\000o 0 0 1 1

Figure 7-2. ECM CCB Address Configuration Register (EEBACR)
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€500 Coherency Module

Table 7-2 describes the EEBACR fields.

Table 7-2. EEBACR Field Descriptions

Bits Name Description
0-27 — Reserved
28 A_STRM_DIS Controls whether the ECM allows any streaming to occur.

0 Streaming is enabled.
1 Streaming is disabled.

29 CORE_STRM_DIS | With A_STRM_DIS, controls whether the e500 core can stream commands onto the CCB.

A_STRM_DIS and CORE_STRM_DIS must both be cleared for the €500 core to be enabled
to stream address tenures that it masters.

0 Stream address tenures initiated by the €500 core, provided A_STRM_DIS is cleared.

1 Streaming of address tenures initiated by the €500 core not allowed.

30-31

A_STRM_CNT

Stream count. Specifies the maximum number of transactions that any master can stream
(issue sequentially without preemption) on the CCB following an initial transaction.

00 Reserved

01 One transaction can be streamed with the initial transaction.

10 Two transactions can be streamed with the initial transaction.

11 Three transactions can be streamed with the initial transaction. Default.

7.21.2

ECM CCB Port Configuration Register (EEBPCR)

The ECM CCB port configuration register (EEBPCR) is shown in Figure 7-3.

Offset 0x0_1010

Access: Read/Write

0 ‘ 7 8 ‘ ‘ ‘ ‘ ‘28 29 30 31
\Z — CPU_EN — CPU_RD_HI_DIS|CPU_PRI
Resetoooo\ooo n oooo\oooo\oooo\oooo\oooo\o 0 0 O

Figure 7-3. ECM CCB Port Configuration Register (EEBPCR)

Table 7-3 describes EEBPCR fields.

Table 7-3. EEBPCR Field Descriptions

Bits Name

Description

0-6 —

Reserved

7 CPU_EN

CPU port enable. Controls boot holdoff mode when the device is an agent of an external host.
Specifies whether the €500 core (CPU) port is enabled to run transactions on the CCB. The CPU
boot configuration power-on reset pin (cfg_cpu_boot) determines the initial value of this bit. If the
pin is sampled as a logic 1 at the negation of reset, the CPU is enabled to boot at the end of the
POR sequence. Otherwise, the CPU cannot fetch its boot vector until an external host sets the
CPU_EN bit.

0 Boot holdoff mode. CPU arbitration is disabled on the CCB and no bus grants are issued.

1 CPU is enabled and receives bus grants in response to bus requests for the boot vector.
After this bit is set, it should not be cleared by software. It is not intended to dynamically enable
and disable CPU operation. It is only intended to end boot holdoff mode. See Section 4.4.3.10,
“CPU Boot Configuration,” for more information.

8-28 —

Reserved

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1

Freescale Semiconductor



e500 Coherency Module

Table 7-3. EEBPCR Field Descriptions (continued)

Bits Name Description

29 | CPU_RD_HI_DIS |ldentifies which read queue of DDR targets is assigned to the e500 core (CPU) port’s read

transactions (in understressed system).

0 Read high queue (higher bandwidth DDR queue) is assigned for the €500 core’s read
transactions

1 Read low queue (lower bandwidth DDR queue) is assigned for the €500 core’s read
transactions

30-31 CPU_PRI Specifies the priority level of the e500 core 0 (CPU) port. This priority level is used to determine

whether a particular port’s bus request can cause the CCB arbiter to terminate another port’s
streaming of address tenures.

00 Lowest priority level

01 Second lowest priority level
10 Highest priority level

11 Reserved

7.21.3 ECM IP Block Revision Register 1 (EIPBRR1)
The ECM IP block revision register 1 is shown in Figure 7-4.

Offset 0x0_1BF8 Access: Read only

0 ‘ ‘ ‘ 15| 16 ‘ 23 | 24 ‘ 31

R IP_ID IP_MJ IP_MN
w

Resetoooo\oooo\oooo\ooo1oooo\oooo

0 000/0000
Figure 7-4. ECM IP Block Revision Register 1 (EIPBRR1)

Table 7-4 describes EIPBRR1 fields.

Table 7-4. EIPBRR1 Field Descriptions

Bits Name Description

0-15 IP_ID IP block ID

16-23 IP_MJ Major revision

24-31 IP_MN Minor revision

7.21.4 ECM IP Block Revision Register 2 (EIPBRR2)
The ECM IP block revision register 2 is shown in Figure 7-5.

Offset 0x0_1BFC Access: Read only

0 ‘ 78 ‘ 15|16 ‘ 23|24 31
R IP_INT IP_CFG
W _ _
Reset All zeros

Figure 7-5. ECM IP Block Revision Register 2 (EIPBRR2)
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Table 7-5 describes EIPBRR2 fields.

Table 7-5. EIPBRR2 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
7215 ECM Error Detect Register (EEDR)

The ECM error detect register (EEDR) is shown in Figure 7-6.

Offset 0x0_1E00 Access: wic
0 1 ‘ ‘ ‘ ‘ ‘ 30 31
R|MULT_ERR LAE
w|  wic N wic
Reset All zeros

Figure 7-6. ECM Error Detect Register (EEDR)

Table 7-6 describes EEDR fields.

Table 7-6. EEDR Field Descriptions

Bits Name Description
0 | MULT_ERR | Multiple error. Indicates the occurrence of multiple errors of the same type. Write 1 to clear.
0 Multiple errors of the same type were not detected.
1 Multiple errors of the same type were detected.
1-30 — Reserved
31 LAE Local access error. Write 1 to clear. Two cases can generate LAEs:

» Transaction does not map to any target. In this case the ECM injects read responses (with the
corrupt attribute set) and write data is dropped. Note that a read that attempts to access an
unmapped target causes the assertion of core_fault_in, which causes the core to generate a
machine check interrupt, unless it is disabled (by clearing HID1[RFXE]). If RFXE is zero and
this error occurs, EEER[LAEE] must be set to ensure that an interrupt is generated. For more
information, see Section 5.2, “e500 Core Integration and the Core Complex Bus (CCB),” and
the PowerPC™ e500 Core Family Reference Manual.

* Source and target IDs indicate that an OCN port initiated a transaction that targets an OCN
port. This loopback behavior can result from programming errors where inbound ATMU window
targets are inconsistent with targets configured in the local access windows for a given address
range. For this type of LAE, the dispatch (to OCN target in this case) is not screened off; the
LAE error is reported, but the transaction is still sent to its OCN target.

0 Local access error has not occurred.

1 Local access error occurred.
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7.2.1.6 ECM Error Enable Register (EEER)

The ECM error enable register (EEER) shown in Figure 7-7 enables the reporting of error conditions to
the €500 core through the internal int interrupt signal.

Offset Ox0_1E08 Access: Read/Write
0 | | | | | | %
R
— LAEE
w
Reset All zeros

Figure 7-7. ECM Error Enable Register (EEER)

Table 7-7 describes EEER fields.
Table 7-7. EEER Field Descriptions

Bits | Name Description

0-30| — |Reserved

31 | LAEE | Local access error enable. Note that a read that attempts to access an unmapped target causes the
assertion of core_fault_in, which causes the core to generate a machine check interrupt, unless it is
disabled (by clearing HID1[RFXE]). If HID1[RFXE] is zero and this error occurs, LAEE must be set to
ensure that an interrupt is generated. For more information, see Section 5.2, “e500 Core Integration and
the Core Complex Bus (CCB),” and the PowerPC™ e500 Core Family Reference Manual”

0 Disable reporting local access errors as interrupts.

1 Enable reporting local access errors as interrupts.

7.21.7 ECM Error Attributes Capture Register (EEATR)
The ECM error attributes capture register (EEATR) is shown in Figure 7-8.

Offset 0x0_1EOC Access: Read only
0 2 3‘ 7 |8 10 11‘ 15|16 17 ‘20 21 ‘ 30 31
R BYTE_CNT SRC_ID TTYPE VAL
wl — — — —
Reset All zeros

Figure 7-8. ECM Error Attributes Capture Register (EEATR)

Table 7-8 describes EEATR fields.
Table 7-8. EEATR Field Descriptions

Bits Name Description

0-2 — Reserved

3-7 |BYTE_CNT |Byte count. Specifies the transaction byte count.
00000 32 bytes 00100 4 bytes
00001 1 byte 01000 8 bytes
00010 2 bytes 10000 16 bytes

8-10 — Reserved
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Table 7-8. EEATR Field Descriptions (continued)

Bits Name Description

11-15| SRC_ID |Source ID. Specifies the source device mastering the transaction.

00000 PCl interface 01110 Reserved

00001 PCI Express 2 01111 DDR controller
00010 PCI Express 1 10000 Processor (instruction)
00011 PCI Express 3 10001 Processor (data)
00100 Enhanced local bus 10010-10011 Reserved
00101 USB1 10100 USB2

00110 Reserved 10101 DMA

00111  Security 10110 Reserved

01000 SATA2 10111 SAP

01001 USB3 11000 eTSECH

01010 Boot sequencer 11001 Reserved

01011 eSDHC 11010 eTSEC3

01100 Reserved 11010-11111 Reserved

01101 SATA1

16 — Reserved

17-20| TTYPE |Transaction type. Defined as follows:

0000 Write 1001 Read with unlock
0001 Reserved 101x Reserved
0010 Write with allocate 1100 Read with clear atomic
0011 Write with allocate with lock 1101 Read with set atomic
0100 Address only transaction 1110 Read with decrement atomic
0101-0111Reserved 1111 Read with increment atomic
1000 Read

21-30 — Reserved

31 VAL Register data valid.

0 ECM error attribute capture register does not contain valid information.
1 ECM error attribute capture register contains valid information.

7.2.1.8 ECM Error Low Address Capture Register (EELADR)
The ECM error low address capture register (EELADR) is shown in Figure 7-9.

Offset 0x0_1E10 Access: Read only
0 | | | | | | S
R ADDR
w
Reset All zeros

Figure 7-9. ECM Error Low Address Capture Register (EELADR)

Table 7-9 describes EELADR fields.
Table 7-9. EELADR Field Descriptions

Bits Name Description

0-31 ADDR Address. Specifies the lower-order 32 bits of the 36-bit address of the transaction.
Qualified by EEATR[VAL].
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7.21.9 ECM Error High Address Capture Register (EEHADR)
The ECM error high address capture register (EEHADR) is shown in Figure 7-10.

Offset 0x0_1E14 Access: Read only
0 ‘ ‘ ‘ ‘ ‘ ‘ 27|28 31
R ADDR
W —
Reset All zeros

Figure 7-10. ECM Error High Address Capture Register (EEHADR)

Table 7-10 describes EEHADR fields.
Table 7-10. EEHADR Field Descriptions

Bits Name Description
0-27 — Reserved
28-31 ADDR Address. Specifies the high-order 4 bits of the 36-bit address of the transaction.
Qualified by EEATR[VAL].

7.3 Functional Description

The following isavery general discussion of ECM operation.

7.3.1 I/O Arbiter

Figure 7-1 shows the I/O arbiter block that manages I/O-initiated address tenure requests arriving on the
request buses. Four request buses compete for access to the ECM, which can only process one request at
atime. The ECM uses two factors to select the winning request bus: the primary factor is requested
bandwidth and the secondary factor islongest waiting/least recently granted status. By default all
requesters start requesting low levels of bandwidth. A starvation avoidance algorithm ensures that low
bandwidth requesters make forward progressin the presence of high bandwidth requesters. The transaction
from the winning request bus competes with €500 core requests for the CCB and entry into the transaction
queue.

7.3.2 CCB Arbiter

Figure 7-1 shows the CCB arbiter block coordinating the entry of new transactionsinto the ECM’s
transaction queue. It handles arbitration for requests to use the CCB from the €500 core and the winning
request bus and consequently controls when these new transactions can enter the transaction queue.

Because the CCB bus operates most efficiently when it streams commands from one initiator, the CCB
arbiter alternates grants between streams of transactions from the €500 core and from the winner of the |/O
arbiter. The length of a stream (number of back-to-back transactions) islimited by the A_STRM_CNT
fieldinthe EEBACR register. However, the arbiter al so usesthe priority of the requeststo limit streaming.
If the priority of anew request is higher than that of a stream in progress, then the higher priority
transaction interrupts the other stream. The priority of €500 transactionsis set by the CPU_PRI field in
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EEBPCR register. Depending how the CPU_RD_HI_DISfield in EEBPCR register is set, read
transactionsfrom the €500 core areinitially assigned to either the higher- or lower-bandwidth queue of the
DDR target.

7.3.3 Transaction Queue

The ECM’s transaction queue performs four basic functions: arbitration across the €500 core and I/0
masters, target mapping and dispatching, enforcement of ordering, and enforcement of coherency. The
address of each transaction is compared against each local access window, and the transaction is then
routed to the appropriate target interface associated with the local access window that the address hits
within. Even though the CCB and ECM allow the pipelining of transactions, the address tenures of all
transactions issued from 1/0O masters (masters other than the €500 core) may still be ordered. For those
transactions accessing address space marked as snoopable, or space that may be cached by the €500 core,
the ECM enforces coherency, snooping those transactions on the CCB, and taking castouts from the €500
core asis necessary.

7.3.4 Global Data Multiplexor

Figure 7-1 shows how the global data multiplexor takes data bus connections and multiplexes them onto
one 128-bit global data bus. The global data mux allows initiators of write transactions to route data to
their targets and read targets to return data to the initiators.

7.3.5 CCB Interface

Figure 7-1 shows the CCB interface for both CCB address and data tenures. This interface formats CCB
address tenures for the ECM transaction queue. It also contains the queueing and buffering needed to
manage outstanding CCB datatenures. The buffersreceive €500 core-initiated write and 1/O-initiated read
data (that hit in the L2/SRAM module) from the €500 write (128-bit wide) and read (128-bit wide) data
buses and route them through the global data mux to the global data bus. The buffers also receive €500
core-initiated read and 1/O-initiated write data (that hit in the L2/SRAM module) from the global data bus
and forward them onto the CCB data bus (64 bits).

7.4 Initialization/Application Information

If the €500 core is used to initialize the device, the CPU boot configuration power-on reset pin should be
pulled high to initially set EEBPCR[CPU_EN]. See Chapter 4, “Reset, Clocking, and Initiaization,” for
more information on power-up reset initiaization.

If any device other than the €500 core (such as PCl Express) isused to initialize the device, the CPU boot
configuration power-on reset pin should be pulled low toinitially clear EEBPCR[CPU_EN]. Thisprevents
the €500 core from accessing any configuration registers or local memory space during initialization.
However, in any such system, one step near the end of the initialization routine must set
EEBPCR[CPU_EN] to re-enable the €500 core. Note that for basic functionality, EEBPCR[CPU_EN] is
the only field that must be written (provided a device other than the €500 core is used to initialize the
device) inthe ECM.
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EEBPCR[CPU_PRI] specifiesthe priority level associated with all €500 core initiated transactions. This
value allows users running time-critical applicationsto adjust the average response latency of transactions
initiated by the core compared to those initiated by 1/0O masters. This priority level affects whether €500
core reguests can interrupt the streaming of address tenuresinitiated by (the ECM on behalf of) 1/0
masters. Only transactionswith apriority greater than the current CCB transaction caninterrupt streaming.
The higher the core’s priority, the lower the average latency needed for it to obtain bus grants from the
ECM, because it can interrupt lower priority streaming. The default value of zero gives al core-initiated
transactions the lowest priority, which prevents the core from interrupting 1/0 master transaction streams.

EEBACR[A_STRM_CNT] allows users to balance response latency with throughput and should prove
useful in tuning systems with multiple time-critical tasks. The default value of Ob11 causes the ECM to
attempt to stream as many as four transactions initiated from the same CCB master. Increasing this value
increases the maximum number of transactions that may be streamed together from any one CCB master.
Raising this value can increase throughput for high priority transactions, but may increase latency for
lower priority transactions from another CCB master. Note that the €500 core must aso have streaming
enabled (through HID1[ASTME]) for the CCB to stream.
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Chapter 8
DDR Memory Controller

8.1 Introduction

The fully programmable DDR SDRAM controller supports most JEDEC standard x8, x16, or x32 DDR2
and DDR3 memories available. In addition, unbuffered and registered DIMMs are supported. However,
mixing different memory types or unbuffered and registered DIMMsin the same system isnot supported.
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. A
large set of special features, including ECC error injection, support rapid system debug.

NOTE

In this chapter, theword ‘ bank’ refersto a physical bank specified by achip
select; ‘logical bank’ refersto one of the four or eight sub-banks in each
SDRAM chip. A sub-bank is specified by the 2 or 3 bits on the bank address
(MBA) pins during a memory access.
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DDR Memory Controller

Figure 8-1 isahigh-level block diagram of the DDR memory controller with its associated interfaces.
Section 8.5, “Functional Description,” contains detailed figures of the controller.

8.2

Request from = I\D/IDR SDRAM
master > Address ow Address emory Array
Decod > Open > Control {>—> MA[15:0]
Address from »| Decode Table ontro MBA[2:0]
master
DDR SDRAM
Memory Control
MCSI[0:3]
MCAS
MRAS
ECM _| sDrRAM MWE
“| Control MDM][0:8]
MCKE[0:3]
MODTI0:3]
EN MDICJ[0:1]
To error ¢ | I_Error ata Qualifiers
management Signals Delay chain MDQS[0:8]
r MDQSI[0:8]
Dastgggm < FIFO |= Data Signals
“— MDQ 0:63]
MECC[0:7
EN
RMW @ SDRAM
Data from - >/ Control

master Clocks
Clock > MCK]|0:5]
Control : MCK]|0:5]

Figure 8-1. DDR Memory Controller Simplified Block Diagram

Features

The DDR memory controller includes these distinctive features:

Support for DDR2 and DDR3 SDRAM

64-/72-bit SDRAM data bus. 32-/40-bit SDRAM for DDR2 and DDR3

Programmable settings for meeting all SDRAM timing parameters

The following SDRAM configurations are supported:

— Asmany as four physical banks (chip selects), each bank independently addressable

— 64-Mbit to 4-Gbit devices depending oninternal device configuration with x8/x16/x32 data
ports (no direct x4 support)

— Unbuffered and registered DIMMs
Chip select interleaving support
Partia array self refresh support

Support for data mask signals and read-modify-write for sub-double-word writes. Note that a
read-modify-write sequence is only necessary when ECC is enabled.
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DDR Memory Controller

Support for double-bit error detection and single-bit error correction ECC (8-bit check word across
64-bit data)

Support for address parity for registered DIMMs

Open page management (dedicated entry for each logical bank)

Automatic DRAM initiaization sequence or software-controlled initialization sequence
Automatic DRAM datainitialization

Write leveling supported for DDR3 memories

Support for up to eight posted refreshes

Memory controller clock frequency of two or four times the SDRAM clock with support for Seep
power management

Support for error injection

Modes of Operation

The DDR memory controller supports the following modes:

8.3

Dynamic power management mode. The DDR memory controller can reduce power consumption
by negating the SDRAM CKE signal when no transactions are pending to the SDRAM.
Auto-precharge mode. Clearing DDR_SDRAM_INTERVAL[BSTOPRE] causes the memory
controller to issue an auto-precharge command with every read or write transaction.
Auto-precharge mode can be enabled for separate chip selects by setting
CSn_CONFIG[AP_n_EN].

External Signal Descriptions

This section provides descriptions of the DDR memory controller’s external signals. It describes each
signal’s behavior when the signal is asserted or negated and when the signal is an input or an output.

8.3.1

Signals Overview

Memory controller signals are grouped as follows:

Memory interface signals
Clock signals
Debug signals
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Table 8-1 shows how DDR memory controller external signals are grouped. The device hardware
specification has a pinout diagram showing pin numbers. It also lists all electrical and mechanical

specifications.
Table 8-1. DDR Memory Interface Signal Summary
Name Function/Description Reset Pins /0
MAPAR_ERR | Address parity error One 1 I
MAPAR_OUT | Address parity out Zero 1 (0]
MDQ[0:63] Data bus All zeros 64 /0
MDQS[0:8] Data strobes All zeros 9 /0
MDQSJ[0:8] Complement data strobes All ones 9 /0
MECCI0:7] Error checking and correcting All zeros 8 I/0
MCAS Column address strobe One 1 0
MA[15:0] Address bus All zeros 16 0]
MBA[2:0] Logical bank address All zeros 3 (0]
MCS[0:3] Chip selects All ones 4 0
MWE Write enable One 1 0
MRAS Row address strobe One 1 0
MDM[0:8] Data mask All zeros 9 0]
MCK]J0:5] DRAM clock outputs All zeros 6 (0]
MCK]0:5] DRAM clock outputs (complement) All zeros 6 O
MCKE[0:3] DRAM clock enable All zeros 4 (0]
MODTI[0:3] DRAM on-die termination external control. All zeros 4 0]
MDVAL Memory debug data valid Zero 1 (0]
MSRCIDI[0:4] Memory debug source ID All zeros 5 (0]
MDIC[0:1] Driver impedance calibration b10 2 /0
MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1
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Table 8-2 shows the memory address signal mappings.

MPC8536E PowerQUICC lll Integrated Processor Reference Manual, Rev. 1

Table 8-2. Memory Address Signal Mappings

Signal Name (Outputs)

JEDEC DDR DIMM Signals (Inputs)

msb MA15 A15
MA14 Al4
MA13 A13
MA12 A12
MA11 A11
MA10 A10 (AP for DDR)'
MA9 A9
MAS A8 (alternate AP for DDR)?
MA7 A7
MA6 A6
MA5 A5
MA4 A4
MA3 A3
MA2 A2
MA1 A1
Isb MAO AO
msb MBA2 MBA2
MBA1 MBA1
Isb MBAO MBAO

1 Auto-precharge for DDR signaled on A10 when
DDR_SDRAM_CFG[PCHB8] =0

2 Auto-precharge for DDR signaled on A8 when
DDR_SDRAM_CFG[PCHBS8] = 1

DDR Memory Controller
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8.3.2 Detailed Signal Descriptions

Thefollowing sectionsdescribethe DDR SDRAM controller input and output signal's, the meaning of their
different states, and relative timing information for assertion and negation.

8.3.2.1

Memory Interface Signals

Table 8-3 describes the DDR controller memory interface signals.

Table 8-3. Memory Interface Signals—Detailed Signal Descriptions

Signal

Te}

Description

MDQ[0:63]

I/0

Data bus. Both input and output signals on the DDR memory controller.

As outputs for the bidirectional data bus, these signals operate as described below.

State
Meaning

Asserted/Negated—Represent the value of data being driven by the DDR memory controller.

Timing

Assertion/Negation—Driven coincident with corresponding data strobes (MDQS) signal.
High impedance—No READ or WRITE command is in progress; data is not being driven by
the memory controller or the DRAM.

As inputs

for the bidirectional data bus, these signals operate as described below.

State
Meaning

Asserted/Negated—Represents the state of data being driven by the external DDR
SDRAMs.

Timing

Assertion/Negation—The DDR SDRAM drives data during a READ transaction.
High impedance—No READ or WRITE command in progress; data is not being driven by the
memory controller or the DRAM.

MDQS[0:8)/
MDQSJ[0:8]

I/0

Data strobes. Inputs with read data, outputs with write data.

As outputs, the data strobes are driven by the DDR memory controller during a write transaction. The
memory controller always drives these signals low unless a read has been issued and incoming data

strobes are expected. This keeps the data strobes from floating high when there are no transactions on
the DRAM interface.

State
Meaning

Asserted/Negated—Driven high when positive capture data is transmitted and driven low
when negative capture data is transmitted. Centered in the data “eye” for writes;
coincident with the data eye for reads. Treated as a clock. Data is valid when signals
toggle. See Table 8-50 for byte lane assignments.

Timing

Assertion/Negation—If a WRITE command is registered at clock edge n, data strobes at the
DRAM assert centered in the data eye on clock edge n + 1. See the JEDEC DDR
SDRAM specification for more information.

As inputs, the data strobes are driven by the external DDR SDRAMs during a read transaction. The data
strobes are used by the memory controller to synchronize data latching.

State
Meaning

Asserted/Negated—Driven high when positive capture data is received and driven low when
negative capture data is received. Centered in the data eye for writes; coincident with
the data eye for reads. Treated as a clock. Data is valid when signals toggle. See
Table 8-50 for byte lane assignments.

Timing

Assertion/Negation—If a READ command is registered at clock edge n, and the latency is
programmed in TIMING_CFG_1[CASLAT] to be m clocks, data strobes at the DRAM
assert coincident with the data on clock edge n + m. See the JEDEC DDR SDRAM
specification for more information.
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Table 8-3. Memory Interface Signals—Detailed Signal Descriptions (continued)

Signal

/0

Description

MECCI[0:7]

I/0

Error checking and correcting codes. Input and output signals for the DDR controller’s bidirectional ECC
bus. MECCJ0:5] function in both normal and debug modes.

0]

As normal mode outputs the ECC signals represent the state of ECC driven by the DDR controller on
writes. As debug mode outputs MECCJ[0:5] provide source ID and data-valid information. See
Section 8.5.11, “Error Checking and Correcting (ECC),” and Section 25.4.2.2, “Debug Information on
ECC Pins,” for more details.

State | Asserted/Negated—Represents the state of ECC being driven by the DDR controller on
Meaning writes.

Timing|Assertion/Negation—Same timing as MDQ
High impedance—Same timing as MDQ

As inputs, the ECC signals represent the state of ECC driven by the SDRAM devices on reads.

State | Asserted/Negated—Represents the state of ECC being driven by the DDR SDRAMSs on
Meaning reads.

Timing|Assertion/Negation—Same timing as MDQ
High impedance—Same timing as MDQ

MA[15:0]

Address bus. Memory controller outputs for the address to the DRAM. MA[15:0] carry 16 of the address
bits for the DDR memory interface corresponding to the row and column address bits. MAO is the Isb of
the address output from the memory controller.

State | Asserted/Negated—Represents the address driven by the DDR memory controller. Contains
Meaning different portions of the address depending on the memory size and the DRAM
command being issued by the memory controller. See Table 8-55 for a complete
description of the mapping of these signals.

Timing|Assertion/Negation—The address lines are only driven when the controller has a command
scheduled to issue on the address/CMD bus; otherwise they will be at high-Z. It is valid
when a transaction is driven to DRAM (when MCSn is active).

High impedance—When the memory controller is disabled

MBA[2:0]

Logical bank address. Outputs that drive the logical (or internal) bank address pins of the SDRAM. Each
SDRAM supports four or eight addressable logical sub-banks. Bit zero of the memory controller’s output
bank address must be connected to bit zero of the SDRAM’s input bank address. MBAO, the
least-significant bit of the three bank address signals, is asserted during the mode register set command
to specify the extended mode register.

State | Asserted/Negated—Selects the DDR SDRAM logical (or internal) bank to be activated during
Meaning the row address phase and selects the SDRAM internal bank for the read or write
operation during the column address phase of the memory access. Table 8-55
describes the mapping of these signals in all cases.

Timing|Assertion/Negation—Same timing as MAn
High impedance—Same timing as MAn
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Table 8-3. Memory Interface Signals—Detailed Signal Descriptions (continued)

Signal

/0

Description

MCAS

0]

Column address strobe. Active-low SDRAM address multiplexing signal. MCAS is asserted for read or
write transactions and for mode register set, refresh, and precharge commands.

State
Meaning

Asserted—Indicates that a valid SDRAM column address is on the address bus for read and
write transactions. See Table 8-61 for more information on the states required on MCAS
for various other SDRAM commands.

Negated—The column address is not guaranteed to be valid.

Timing

Assertion/Negation—Assertion and negation timing is directed by the values described in
Section 8.4.1.5, “DDR SDRAM Timing Configuration 0 (TIMING_CFG_0),
Section 8.4.1.6, “DDR SDRAM Timing Configuration 1 (TIMING_CFG_1),”
Section 8.4.1.7, “DDR SDRAM Timing Configuration 2 (TIMING_CFG_2),” and
Section 8.4.1.4, “DDR SDRAM Timing Configuration 3 (TIMING_CFG_3)”

High impedance—MCAS is always driven unless the memory controller is disabled.

MRAS

Row address strobe. Active-low SDRAM address multiplexing signal. Asserted for activate commands.

In addition

; used for mode register set commands and refresh commands.

State
Meaning

Asserted—Indicates that a valid SDRAM row address is on the address bus for read and
write transactions. See Table 8-61 for more information on the states required on MRAS
for various other SDRAM commands.

Negated—The row address is not guaranteed to be valid.

Timing

Assertion/Negation—Assertion and negation timing is directed by the values described in
Section 8.4.1.5, “DDR SDRAM Timing Configuration 0 (TIMING_CFG_0),
Section 8.4.1.6, “DDR SDRAM Timing Configuration 1 (TIMING_CFG_1),”
Section 8.4.1.7, “DDR SDRAM Timing Configuration 2 (TIMING_CFG_2),” and
Section 8.4.1.4, “DDR SDRAM Timing Configuration 3 (TIMING_CFG_3)”

High impedance—MRAS is always driven unless the memory controller is disabled.

MCSJ[0:3]

Chip selec

ts. Four chip selects supported by the memory controller.

State
Meaning

Asserted—Selects a physical SDRAM bank to perform a memory operation as described in
Section 8.4.1.1, “Chip Select Memory Bounds (CSn_BNDS),” and Section 8.4.1.2,
“Chip Select Configuration (CSn_CONFIG).” The DDR controller asserts one of the
MCS]|0:3] signals to begin a memory cycle.

Negated—Indicates no SDRAM action during the current cycle.

Timing

Assertion/Negation—Asserted to signal any new transaction to the SDRAM. The transaction
must adhere to the timing constraints set in TIMING_CFG_0-TIMING_CFG_3.
High impedance—Always driven unless the memory controller is disabled.

Write enable. Asserted when a write transaction is issued to the SDRAM. This is also used for mode

registers s

et commands and precharge commands.

State
Meaning

Asserted—Indicates a memory write operation. See Table 8-61 for more information on the
states required on MWE for various other SDRAM commands.
Negated—Indicates a memory read operation.

Timing

Assertion/Negation—Similar timing as MRAS and MCAS. Used for write commands.
High impedance—MWE is always driven unless the memory controller is disabled.
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Table 8-3. Memory Interface Signals—Detailed Signal Descriptions (continued)

Signal

/0

Description

MDM][0:8]

0]

DDR SDRAM data output mask. Masks unwanted bytes of data transferred during a write. They are
needed to support sub-burst-size transactions (such as single-byte writes) on SDRAM where all I/O
occurs in multi-byte bursts. MDMO corresponds to the most significant byte (MSB) and MDM7
corresponds to the LSB, while MDM8 corresponds to the ECC byte. Table 8-50 shows byte lane
encodings.

State | Asserted—Prevents writing to DDR SDRAM. Asserted when data is written to DRAM if the
Meaning corresponding byte(s) should be masked for the write. Note that the MDMn signals are
active-high for the DDR controller. MDMn is part of the DDR command encoding.

Negated—Allows the corresponding byte to be read from or written to the SDRAM.

Ti