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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 wireless infrastructure 
applications. The e500v2 processor core is 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 is intended as a companion to the PowerPC e500 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 I, “Overview,” 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 
MPC8536E integrated host processor. It describes the MPC8536E, its interfaces, and its 
programming model. The functional operation of the MPC8536E with emphasis on peripheral 
functions is also described.

• Chapter 2, “Memory Map,” describes the memory map of the MPC8536E. An overview of the 
local address map is followed 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,” provides a listing of all the external signals, cross-references for 
signals that serve multiple functions, output signal states at reset, and reset configuration signals 
(and the modes they define).

• Chapter 4, “Reset, Clocking, and Initialization,” describes the hard and soft resets, the power-on 
reset (POR) sequence, power-on reset configuration, clocking, and initialization of the 
MPC8536E.
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Part II, “e500 Core Complex and L2 Cache,” 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, “e500 Core Integration 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 III, “Memory, Security, and I/O Interfaces,” defines the memory, security, and I/O interfaces of the
MPC8536E and how these blocks interact with one another and with other blocks on the device. The
following chapters are included:

• Chapter 7, “e500 Coherency Module,” defines the e500v2 coherency module and how it facilitates 
communication between the e500v2 core complex, the L2 cache, and the other blocks that 
comprise the coherent memory domain of the MPC8536E. 
The ECM provides a mechanism for I/O-initiated transactions to snoop the core complex bus 
(CCB) of the e500v2 core in order to maintain coherency across cacheable local memory. It also 
provides a flexible, 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,” describes the two DDR2/DDR3 SDRAM memory 
controllers of the MPC8536E. These fully programmable 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 simplify 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 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,” 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 IPsec, IKE, SSL/TLS, iSCSI, 
SRTP, 802.11i, 3G, A5/3 for GSM and EDGE, and GEA3 for GPRS.

• Chapter 11, “I2C Interfaces,” describes the inter-IC (IIC or I2C) bus controllers of the MPC8536E. 
This synchronous, serial, 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 I2C1 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,” describes the enhanced local bus controller (eLBC) 
of the MPC8536E. The main component of the enhanced local bus controller is its 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). As such, it supports a minimal 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 on the MPC8536E. These controllers provide 10/100/1Gb 
Ethernet support with a complete set of media-independent interface options including MII, 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 III TSEC controllers.

• Chapter 15, “DMA Controller,” describes the four-channel general-purpose DMA controller of the 
MPC8536E. The DMA controller transfers blocks of data independent of the e500v2 core or 
external hosts. Data movement occurs among the local address space. The DMA controller has four 
high-speed channels. Both the e500 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 emphasis is directed at how this device implements the PCI specification.

• Chapter 17, “PCI 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 Peripheral 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 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 module is 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 I/O (GPIO),” describes the general-purpose input and output signals 
of the MPC8536E.
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Part IV, “Global Functions and Debug,” defines other global blocks of the MPC8536E. The following
chapters are included:

• Chapter 23, “Global Utilities,” defines the global utilities of the MPC8536E. These include power 
management, I/O device enabling, power-on-reset (POR) configuration monitoring, 
general-purpose I/O signal use, and multiplexing for the interrupt and local bus chip select signals.

• Chapter 24, “Device Performance Monitor,” describes the performance monitor of the 
MPC8536E. 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 a list of major differences since the last revision of the 
document.

• Appendix C, “MPC8535E,” details differences between the MPC8536E and MPC8535E 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 as well as
general 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:

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

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

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

Related Documentation
Freescale 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 e500 Core (EREF)—This book provides a 
higher-level view of the programming model as it is defined by Book E, the Freescale Book E 
implementation standards, and the e500 microprocessor. 
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• PowerPC™ e500 Core Family Reference Manual (E500CORERM)—This book provides detailed 
information about the functions and features of the e500 v1 and v2 cores.

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

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

• Hardware specifications—Hardware specifications provide specific data regarding bus timing, 
signal behavior, and AC, DC, and thermal characteristics, as well as other design considerations. 

• Product Briefs—Each device has a technical summary that provides an overview of its features. 
• Application notes—These short documents address specific design issues useful to programmers 

and engineers working with Freescale processors. 

Additional literature is published as new processors become available. For a current list of documentation,
refer to http://www.freescale.com.

Conventions
This document uses the following notational conventions:

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

mnemonics Instruction mnemonics are shown in lowercase bold. 

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

Book titles in text are set in italics

Internal signals are set in lowercase italics, for example, core_int

0x0 Prefix to denote hexadecimal number

0b0 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] refers to the little-endian mode 
enable bit in the machine state register.

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

x An italicized x indicates an alphanumeric variable. 

n An italicized n indicates a numeric variable.

¬ NOT logical operator

& AND logical operator

| OR logical operator
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|| Concatenation, for example TCR[WP]||TCR[WPEXT]

Indicates a reserved bit field in a memory-mapped or an e500 register. 

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

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

Signal Conventions
OVERBAR An overbar indicates that a signal is active-low.

lowercase_italics Lowercase italics is used to indicate internal signals.

lowercase_plaintext Lowercase plain text is used to indicate signals that are used for configuration. For 
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 fields in a 

register have the same access type. 
• w1c indicates that all of the non-reserved fields in a register are cleared by writing ones to them. 
• Mixed indicates a combination of access types. 
• Special is used when no other category applies. In this case the register figure and field description 

table should be read carefully.

Acronyms and Abbreviations
Table i 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

R
—

W

R FIELDNAME

W

R

W FIELDNAME
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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 e500 coherency module

EHPI Enhanced host port interface

EPROM Erasable programmable read-only memory

FCS Frame-check sequence

GCI General circuit interface 

GMII Gigabit media independent interface

GPCM General-purpose chip-select machine 

GPIO General-purpose I/O

GPR General-purpose register

GUI Graphical user interface

I2C Inter-integrated circuit 

IDL Inter-chip digital link

IEEE Institute of Electrical and Electronics Engineers

IPG Interpacket gap

ITLB Instruction translation lookaside buffer

IU Integer unit

JTAG Joint Test Action Group

LAE Local access error

Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
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LAW Local access window

LBC Local bus controller

LIFO Last-in-first-out

LRU Least recently used

LSB Least-significant byte

lsb Least-significant bit

LSU 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

OSI 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

Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
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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

Table i. Acronyms and Abbreviated Terms (continued)

Term Meaning
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Part I
Overview
Part I 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 
MPC8536E integrated host processor. It describes the MPC8536E, its interfaces, and its 
programming model. The functional operation of the MPC8536E with emphasis on peripheral 
functions is also described.

• Chapter 2, “Memory Map,” describes the memory map of the MPC8536E. An overview of the 
local address map is followed 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,” provides a listing of all the external signals, cross-references for 
signals that serve multiple functions, output signal states at reset, and reset configuration signals 
(and the modes they define).

• Chapter 4, “Reset, Clocking, and Initialization,” describes the hard and soft resets, the power-on 
reset (POR) sequence, power-on reset configuration, clocking, and initialization of the 
MPC8536E.
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Chapter 1 
Overview
The MPC8536E integrates a PowerPC™ processor core with system logic required for imaging, 
networking, and communications applications. The MPC8536E is a member of the PowerQUICC III™ 
family of devices that 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 applies to 
the MPC8535E as well. For information on differences between the MPC8535E and the MPC8536E, see 
Appendix C, “MPC8535E.”

1.1 Introduction

The MPC8536E uses the e500 core and high-speed interconnect technology to balance processor 
performance with I/O system throughput. The e500 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), 
512Kbytes of level-2 cache, two integrated 10/100/1Gb enhanced three-speed Ethernet controllers 
(eTSECs) with TCP/IP acceleration and classification capabilities and SGMII interface capabilities, a 
DDR2/DDR3 SDRAM memory controller, a 32-bit PCI controller, a programmable interrupt controller, 
an enhanced serial peripheral interface (eSPI), an enhanced secure digital host controller (eSDHC), three 
USB dual-role controllers (host/device), two I2C controllers, a four-channel DMA controller, an enhanced 
local bus controller (eLBC), an integrated security engine with XOR acceleration, a general-purpose I/O 
port, and dual universal asynchronous receiver/transmitters (DUART). For high speed interconnect, the 
MPC8536E 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 simplify board design and offers 
significant bandwidth and performance.

The MPC8536E is also available without a security engine, in a configuration known as the 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. 

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)
• Two integrated 10/100/1000 Mb 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
• Two serial ATA interfaces
• DDR2/DDR3 SDRAM memory controller
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• Programmable interrupt controller (PIC)
• Enhanced serial peripheral interface (eSPI)
• Enhanced secure digital host controller (eSDHC)
• Four-channel DMA controller
• Two I2C controllers
• DUART
• Enhanced local bus controller (eLBC)
• 16 general-purpose I/O signals (independently configurable)
• Package pinout for low-cost PCB

1.3 MPC8536E Architecture Overview

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

1.3.1 e500 Core and Memory Unit

The MPC8536E 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 e500 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 MPC8536E contains a 512-Kbyte L2 cache/SRAM, as follows:

• 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 masters can force data to be allocated into the cache through programmed memory ranges 

or special transaction types (stashing).
• SRAM:

— I/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 e500 Coherency Module (ECM) and Address Map

The e500 coherency module (ECM) provides a mechanism for I/O-initiated transactions to snoop the bus 
between the e500 core and the integrated L2 cache in order to maintain coherency across local cacheable 
memory. It also provides a flexible switch-type structure for core- and I/O-initiated transactions to be 
routed or dispatched to target modules on the device.
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The MPC8536E 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 MPC8536E can be made part of a larger system address space through the mapping of translation 
windows. This functionality is included in the address translation and mapping units (ATMUs). Both 
inbound and outbound translation windows are provided. The ATMUs 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 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 IPsec, IKE, SSL/TLS, iSCSI, SRTP, 802.11i, 3G, A5/3 for 
GSM and EDGE, and GEA3 for GPRS. The SEC 3.0 derives from integrated security cores in other 
members of the PowerQUICC family, including the SEC 2.1 Rev2 in the MPC8548E and the SEC 1.0 in 
the MPC8272E. 

Components of the SEC are as follows:

• XOR engine for parity checking in RAID storage applications. Also, the exclusive OR (XOR) 
operation to generate parity data in RAID applications can be accelerated. XOR operations use 
SEC descriptors and offload both parity generation and data movement from the e500 core.

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

— Advanced 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 SerDes interface blocks. These blocks are connected to the SGMII, 
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 configurations in 
Table 1-1 can be selected during power-on reset as described in Section 4.4.3.8, “SerDes1 I/O Port 
Selection.”

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 (eTSECs) incorporate a media access 
control (MAC) sublayer that supports 10 and 100 Mbps and 1 Gbps Ethernet/802.3 networks with MII, 
RMII, GMII, RGMII, TBI, and RTBI physical interfaces as well as SGMII interfaces through a dedicated 
SerDes. The eTSECs include 2 Kbyte receive and 10 Kbyte transmit FIFOs and DMA functions.

The MPC8536E 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 IEEE Std. 
802.3®, 802.3u®, 802.3x®, 802.3z®, 802.3ac®, 802.3ab®. The BDs are based on the MPC8260 and 
MPC860T 10/100 Ethernet programming models. Each eTSEC provides hardware support for 
accelerating TCP/IP packet transmission and reception. By default, TCP/IP acceleration is not enabled and 
the eTSEC processes frames as pure Ethernet frames, emulating a PowerQUICC III TSEC and allowing 
existing driver software to be re-used with minimal change. Key features of these controllers include:

• Flexible configuration for multiple PHY interface configurations. The SGMII interface is available 
for any combination of eTSECs, regardless of the configuration of any other eTSEC. 
Table 1-2 lists available configurations for eTSEC1 and 3.

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

PCI Express Signal/Lane

0/A 1/B 2/C 3/D 4/E 5/F 6/G 7/H

PEX1 x81

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

PEX1 x4 PEX2 x4

PEX1 x4 PEX2 x2 PEX3 x2

Table 1-2. Supported eTSEC1 and eTSEC3 Configurations

Mode Option eTSEC1 eTSEC3

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

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

FIFO interface 8-bit FIFO 8-bit FIFO
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• TCP/IP acceleration and QoS features:
— IP v4 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 (queue in queue) VLAN, 802.2, PPPoE session, MPLS 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 Std. 802.3 
full-duplex flow control (automatic PAUSE frame generation or software-programmed PAUSE 
frame generation and recognition)

• IEEE Std. 802.1® virtual local area network (VLAN) tags and priority
• VLAN insertion and deletion

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

• Programmable Ethernet preamble insertion and extraction of up to 7 bytes
• MAC address recognition
• Can force allocation of header information and buffer descriptors into L2 cache
• Supports IEEE 1588 precision time protocol for network synchronization over Ethernet

1.3.6 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 a direct connection to a high-speed device without an external hub
• Support external PHY with UTMI+ low-pin interface (ULPI)

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 
Gbit, 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 MPC8536E can be configured to retain the currently active SDRAM page for 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 3 to 4 
clock cycles for subsequent burst accesses that hit in an active page.

Using ECC, the MPC8536E detects and corrects all single-bit errors and detects all double-bit errors and 
all errors within a nibble.

The MPC8536E can invoke a level of system power management by asserting the Dn_MCKE SDRAM 
signal on-the-fly to put the memory into a low-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 designers to 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 e500 core frequency can be adjusted 
dynamically while the platform frequency remains unchanged, resulting in optimal device temperature and 
power dissipation.

The power management controller (PMC) is responsible 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 sleep mode for static power management
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• PMC wake on: LAN activity, USB connection or GPIO, internal timer, or external interrupt event

1.3.9 PCI Express Controller

The MPC8536E 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 PCI 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 PCI Express interface include:

• x8, x4, x2, and x1 link widths supported. x8 PCI Express is only 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-bit decode with 36-bit wide windows

1.3.10 Programmable Interrupt Controller (PIC)

The MPC8536E PIC implements the logic and programming structures of the OpenPIC 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 (eSDHC)

The enhanced secure digital host controller (eSDHC) provides an interface between the host system and 
SD/MMC cards. The eSDHC acts as a bridge, passing host bus transactions to SD/MMC cards by sending 
commands and performing data accesses to or from the cards. Under SD protocol, it can be categorized as 
a memory 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 peripheral interface (eSPI) allows the device to operate as an SPI master to exchange 
data between other PowerQUICC family chips, Ethernet PHYs for configuration, and peripheral devices 
such as EEPROMs, real-time clocks, A/D converters, and ISDN devices.

The eSPI is a full-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 bytes to support RapidS™ for Atmel™ devices. 
The eSPI also supports Winbond™ dual-output read commands; in this mode the eSPI uses two bits in 
parallel for read.

1.3.13 Serial ATA (SATA) Controllers

The SATA controllers have the following features:

• Support host SATA I per spec Rev 1.0a
— OOB
— Port multipliers
— ATAPI 6+
— Spread spectrum clocking on receive

• Support for SATA II 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 I and II data rates
— 1.5 & 3.0 Gbaud

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

— SError, SControl, SStatus
• Interrupt driven
• Power management support
• Error handling and diagnostic features 

— Far end/near end loopback
— Failed CRC error reporting
— Increased ALIGN insertion rates
— Scrambling and CONT override

1.3.14 DMA Controller, I 2C, DUART, eLBC

Two integrated four-channel DMA controllers can transfer data between any I/O 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 L2 write stashing.
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There are two I2C 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 bus controller (eLBC) port connects to a wide 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 accesses to 
asynchronous devices using a simple 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 as follows:

• Multiplexed 32-bit address and data bus operating at up to 133 MHz
• Eight chip selects for eight external slaves
• Up to eight-beat burst transfers
• 32-, 16-, and 8-bit 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 bits)
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1.4 MPC8536E Application Examples

1.4.1 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 
MPC8536E 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 MPC8536E in order to manipulate large, high-quality images at high speeds. MPC8536E implements 
advanced power management methods to minimize the power consumption. 

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 
iSCSI applications. The platform also supports battery back-up for data protection in the event of power 
loss. 

Figure 1-3. Network Attached Storage Application
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1.4.3 Gaming Kiosk

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. 
MPC8536E PCI Express provides the high bandwidth interface to transfer graphics image data and control 
to the Graphics Processor. Gaming systems are mechanically secure and require low power operation. 
MPC8536E GHz performance in low power envelopes provides the mechanism for the designer to create 
high performance in a fanless system.

Figure 1-4. Gaming Kiosk Application
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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 IEEE 1588 for network synchronization.

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 is followed 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.

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 I/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 as the DDR SDRAM controller or the PCI 
controller. Note that the local access windows do not perform any address translation. The size of each 
window can be configured from 4 Kbytes to 32 Gbytes. 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.

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 0b1111 (DDR SDRAM)

1 0x0_8000_0000 1 Mbyte 0b0100 (Enhanced local bus)

2 0x0_A000_0000 256 Mbytes 0b0000 (PCI)

3 0x0_C000_0000 256 Mbytes 0b0100 (Enhanced local bus)

4 0x8_0000_0000 32 Gbytes 0b0100 (PCI Express)
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In this example, it is not necessary to use a local access window to specify the range of memory used for 
memory-mapped registers because this is a fixed 1-Mbyte space pointed to by CCSRBAR. See 
Section 4.3.1.1.2, “Configuration, Control, and Status Registers Base Address Register (CCSRBAR).” 
Neither is it required to define a local access window to describe the location of the boot ROM because it 
is in 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 e500 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 e500 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 as follows:

• Mapping a local address to a target interface
• Assigning attributes to transactions
• Translating the local 36-bit address to an external address space
• Translating 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 translation 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 translation 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 
transaction to a given local address and a given target, a local access window must also map that same local 
address to the same target.

All of the configuration registers that define translation and mapping functions use the concept of 
translation or mapping windows, and all follow the same register format. Table 2-3 summarizes the general 
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 a translation 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 a window, 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 translated.

2.2.1 SRAM Windows

The on-chip memory array of the MPC8536 can be configured as a memory-mapped SRAM ranging from 
64 Kbytes to 256 Kbytes. Configuration registers in the L2 cache controller set the base addresses and 
sizes for these windows. When enabled, these windows supersede all other mappings of these addresses 
for processor and global (snoopable) I/O transactions. Therefore, SRAM windows must never overlap 
configuration space as defined by CCSRBAR. It is possible to have SRAM windows overlap local access 
windows, but this is discouraged because processor and snoopable I/O transactions would map to the 
SRAM while non-snooped I/O 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 the SRAM window overlaps 
a local access window.

See Section 6.3.1.3.1, “L2 Memory-Mapped SRAM Base Address Registers 0–1 (L2SRBARn),” for 
information about configuring SRAM windows. 

2.2.2 Window into Configuration Space

CCSRBAR defines a window used to access all memory-mapped configuration, control, and status 
registers. No address translation is done, so there are no associated translation address registers. The 
window is always enabled with a fixed size of 1 Mbyte; no other attributes are attached, so there is no 
associated size/attribute register. This window always takes precedence over all local access windows. 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 access windows associate a range of the local 36-bit address space with a particular target 
interface. This allows the internal interconnections of the MPC8536 to route a transaction from its source 
to the proper target. No address translation is performed. The base address defines the high order address 
bits that 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 a local 
access window. This includes 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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registers is given in the following sections. Note that the minimum size of a window 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 shows the memory map for the local access 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 fields in a 

register have the same access type. 
• w1c indicates that all of the non-reserved fields in a register are cleared by writing ones to them. 
• Mixed indicates a combination of access types. 
• Special is used when no other category applies. In this case the register figure and field description 

table should be read carefully.

Table 2-4. Local Access Register Memory Map

Local Memory
Offset (Hex)

Register Access Reset Section/Page

0x0_0BF8 LAIPBRR1—Local access IP block revision register 1 R 0x0000_0000 2.2.3.2/2-6

0x0_0BFC LAIPBRR2—Local access IP block revision register 2 R 0x0000_0000 2.2.3.3/2-6

0x0_0C08 LAWBAR0—Local access window 0 base address register R/W 0x0000_0000 2.2.3.4/2-7

0x0_0C10 LAWAR0—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 LAWAR3—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_0CB0 LAWAR5—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_0CD0 LAWAR6—Local access window 6 attribute register R/W 0x0000_0000 2.2.3.5/2-7

0x0_0CE8 LAWBAR7—Local access window 7 base address register R/W 0x0000_0000 2.2.3.4/2-7

0x0_0CF0 LAWAR7—Local access window 7 attribute register R/W 0x0000_0000 2.2.3.5/2-7

0x0_0D08 LAWBAR8—Local access window 8 base address register R/W 0x0000_0000 2.2.3.4/2-7

0x0_0D10 LAWAR8—Local access window 8 attribute register R/W 0x0000_0000 2.2.3.5/2-7

0x0_0D28 LAWBAR9—Local access window 9 base address register R/W 0x0000_0000 2.2.3.4/2-7

0x0_0D30 LAWAR9—Local access window 9 attribute register R/W 0x0000_0000 2.2.3.5/2-7
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2.2.3.2 Local Access IP Block Revision Register 1 (LAIPBRR1)

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

Table 2-5 describes LAIPBRR1 fields.

2.2.3.3 Local Access IP Block Revision Register 2 (LAIPBRR2)

The local access IP block revision register 2 is shown in Figure 2-3.

Table 2-6 describes LAIPBRR2 fields.

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

Offset 0x0_0BF8 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. 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

Offset 0x0_0BFC 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. LAIPBRR2 Field Descriptions

Bits Name Description

0–7 — Reserved

8–15 IP_INT IP block integration options

Table 2-4. Local Access Register Memory Map (continued)

Local Memory
Offset (Hex)

Register Access Reset Section/Page
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2.2.3.4 Local Access Window n Base Address Registers 
(LAWBAR0–LAWBAR9)

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

Table 2-7 describes LAWBARn fields.

2.2.3.5 Local Access Window n Attributes Registers (LAWAR0–LAWAR9)

Figure 2-5 shows the fields of the LAWARn registers.

16–23 — Reserved

24–31 IP_CFG IP block configuration options

Offset LAWBAR0: 0x0_0C08
LAWBAR1: 0x0_0C28
LAWBAR2: 0x0_0C48
LAWBAR3: 0x0_0C68
LAWBAR4: 0x0_0C88
LAWBAR5: 0x0_0CA8

LAWBAR6: 0x0_0CC8
LAWBAR7: 0x0_0CE8
LAWBAR8: 0x0_0D08
LAWBAR9: 0x0_0D28
LAWBAR10: 0x0_0D48
LAWBAR11: 0x0_0D68

Access: Read/Write

0 7 8 31

R
— BASE_ADDR

W

Reset All zeros

Figure 2-4. Local Access Window n Base Address Registers (LAWBAR0–LAWBAR7)

Table 2-7. LAWBAR n 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].

Offset LAWSR0: 0x0_0C10
LAWSR1: 0x0_0C30
LAWSR2: 0x0_0C50
LAWSR3: 0x0_0C70
LAWSR4: 0x0_0C90
LAWSR5: 0x0_0CB0

LAWSR6: 0x0_0CD0
LAWSR7: 0x0_0CF0
LAWSR8: 0x0_0D10
LAWSR9: 0x0_0D30
LAWSR10: 0x0_0D50
LAWSR11: 0x0_0D70

Access: Read/Write

0 1 6 7 11 12 25 26 31

R
EN — TRGT_ID — SIZE

W

Reset All zeros

Figure 2-5. Local Access Window n Attributes Registers (LAWAR0–LAWAR7)

Table 2-6. LAIPBRR2 Field Descriptions (continued)

Bits Name Description
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Table 2-8 describes LAWARn fields.

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 0x0_7FFF_FFF, even though the window described in local access 
window 2 also encompasses that memory region.

2.2.3.7 Configuring Local Access Windows

Once a local 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 a read of the last local 

Table 2-8. LAWAR n Field Descriptions

Bits Name Description

0 EN 0 The local access window n (and all other LAWARn and LAWBARn fields) are disabled.
1 The local access window n is enabled and other LAWARn and LAWBARn 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(SIZE+1) bytes.
000000–001010 Reserved
001011 4 Kbytes
001100 8 Kbytes
001101 16 Kbytes
. . . . . . 2(SIZE+1) bytes
100010 32 Gbytes
100011–111111 Reserved

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)
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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 LAWAR3) should be followed by a read of LAWAR3 before any devices try to use any of these 
windows. If the configuration is being done by the local e500 processor, the read of LAWAR3 should be 
followed by an isync instruction.

2.2.3.8 Distinguishing Local Access Windows from Other Mapping Functions

It is important to distinguish between the mapping function performed by the local access windows and 
the additional mapping functions that happen at the target interface. The local access windows define how 
a transaction is routed through the MPC8536 internal interconnects from the transactions source to its 
target. After the transaction has arrived at its target interface, that interface controller may perform 
additional mapping. For instance, the DDR SDRAM controller has chip select registers that map a memory 
request to a particular external device. Similarly, the local bus controller has base registers that perform a 
similar function. The PCI and PCI Express interfaces have outbound address translation 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 Illegal Interaction Between Local Access Windows and DDR
SDRAM Chip Selects

If a local access window maps an address to an interface other than the DDR SDRAM controller, then there 
should not be a valid chip select configured for the same address in 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. 

2.2.4 Outbound Address Translation and Mapping Windows

Outbound address translation and mapping refers to the translation of addresses from the local 36-bit 
address space to the external address space and attributes of a particular I/O interface. On the MPC8536, 
the following blocks have outbound address translation and mapping units (ATMUs): 

• PCI
• PCI Express

The PCI controller has four outbound ATMU windows plus a default window. The PCI outbound ATMU 
registers include extended translation address registers so that up to 64 bits of external address space can 
be supported. See Section 16.3.1.2, “PCI 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, “PCI Express Outbound ATMU Registers” for a 
detailed description of the PCI Express outbound ATMU windows.

2.2.5 Inbound Address Translation and Mapping Windows

Inbound address translation and mapping refers to the translation of an address from the external address 
space of an I/O interface (such as PCI 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 address registers in the PCI programming model. Updating one automatically updates the other. There 
is no default inbound window; if a PCI address does not match one of the inbound ATMU windows, the 
device does not respond with an assertion of PCI_DEVSEL. See Section 16.3.1.3, “PCI ATMU Inbound 
Registers,” for a detailed description of the PCI inbound ATMU windows.

2.2.5.2 PCI Express Inbound ATMU

The PCI Express controller has three inbound ATMU windows plus a default. See Section 17.3.5.1, “PCI 
Express Outbound ATMU Registers,” for a description of the PCI Express inbound ATMU windows.

2.2.5.3 Illegal Interaction Between Inbound ATMUs and Local Access Windows

Since both local access windows and inbound ATMUs map transactions to a target interface, it is essential 
that they not contradict one another. For instance, it is a programming error to have an inbound ATMU map 
a transaction to the DDR SDRAM memory controller (target interface 0b1111) if the resulting translated local 
address is mapped to PCI (target interface 0b0000) by a local access window. Such a programming error may 
result in unpredictable system deadlocks. 

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 allow 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 address register (CCSRBAR), see Section 4.3.1.1.2, 
“Configuration, Control, and Status Registers Base Address Register (CCSRBAR).” The default value for 
CCSRBAR is 4 Gbytes–9 Mbytes, or 0x0_FF70_0000.

NOTE
The configuration, control, and status window must not overlap a local 
access window that maps to the DDR controller. Otherwise, undefined 
behavior occurs. 
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2.3.1 Accessing CCSR Memory from the Local Processor

When the local e500 processor is used to configure CCSR space, the CCSR memory space should typically 
be marked as cache-inhibited and guarded.

In addition, many configuration registers affect accesses to other memory regions; therefore writes to 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 writes to configuration registers are in effect, the final 
configuration register write should be chased by a read of the same register, and that should be followed 
by a SYNC instruction. Then accesses can safely be made to memory regions affected by the configuration 
register write.

2.3.2 Accessing CCSR Memory from External Masters

In addition to being accessible by the e500 processor, the configuration, control, and status registers are 
accessible from external interfaces, allowing external masters on the I/O ports to configure the MPC8536. 

External masters do not need to know the location of the CCSR memory in the local address map. Rather, they 
access this region of the local memory map through a window defined by a register in the interface 
programming model 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 PCI master sets this register by running a PCI configuration cycle 
to the MPC8536. Subsequent memory accesses by a PCI master to the PCI address range indicated by 
PCSRBAR are translated to the local address indicated 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-Kbyte address space for registers. Registers that fall into this category are referred 
to as general utilities registers. These registers occupy the first 256 Kbytes of CCSR memory.

Registers controlling functions that are not particular to a functional unit but to the device as a whole occupy 
the highest 256 Kbytes of CCSR memory and are referred to as device-specific registers.

Some functional units such as the OpenPIC-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

0xE_0000–0xF_FFFF Device-specific utilities



Memory Map

MPC8536E PowerQUICC III Integrated Processor Reference Manual, Rev. 1

2-12 Freescale Semiconductor
 

2.3.4 General Utilities Registers

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

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

Figure 2-6 also 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 a unit has error management registers, they are typically placed starting at offset 0xE00 
from the beginning of the block’s 4-Kbyte space, and any debug registers are typically placed in the final 
256 bytes of the unit’s register space starting at offset 0xF00.
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General utilities registers are accessed as 32-bit quantities except for the DUART and I2C 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.

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 bits in the following register descriptions are not guaranteed to have predictable values. Software 
must preserve the values of reserved bits when writing to a register. Also, when reading from a register, 
software should not rely on the value of any reserved bit remaining consistent.
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0x7 FFFF

PIC Registers

0x6 0000

0x5 0000

Internal IRQs
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0x0 0000

Device-Specific

PIC

0xE 0000

0xF FFFF

CCSR Register Memory Block

0x4 0000

0x8 0000

General

Utilities

Utilities

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

2.4 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 fields in a 

register have the same access type. 
• w1c indicates that all of the non-reserved fields in a register are cleared by writing ones to them. 
• Mixed indicates a combination of access types. 
• Special is used when no other category applies. In this case the register figure and field description 

table should be read carefully.

Global Utilities
0xE 1000

Device-Specific 

0xE 0000

0xE 2000

Registers

0xF FFFC

Perf. Monitor

Device-Specific
Utilities0xF FFFF

0xE 0000

0x8 0000

0x4 0000

0x0 0000

Reserved

PIC

 
General
Utilities

Watchpoint/Debug
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Table 2-11. CCSR Block Base Address Map

Block Base Address
(Hex)

Block Section/Page Comments

General Utilities (0x0_0000–0x3_FFFF)

0x0_0000

Local access registers 4.3.1/4-4 0x0_0000: Configuration, control, 
and status registers
0x0_0BF8: Local access window 
base and size registers

0x0_1000 e500 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
I2C controller 2: 0x0_3100

0x0_4000 DUART 12.3/12-3 UART0: 0x0_4500
UART1: 0x0_4600

0x0_5000 Enhanced local bus controller (eLBC) 13.3/13-9 —

0x0_6000–
0x0_6FFF

Reserved — —

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–
0x0_EFFF

Reserved — —

0x0_F000 General-purpose I/O 22.3/22-2 —

0x1_0000–
0x1_7FFF

Reserved — —

0x1_8000 Serial ATA controller 1 19.3.1/19-4 —

0x1_9000 Serial ATA controller 2 19.3.1/19-4 —

0x1_A000–
0x1_FFFF

Reserved — —

0x2_0000 L2/SRAM memory-mapped configuration 6.3/6-8 —

0x2_1000 DMA controller 15.3/15-5 DMA0: 0x2_1100
DMA1: 0x2_1180
DMA2: 0x2_1200
DMA3: 0x2_1280
General Status: 0x2_1300

0x2_2000 USB controller 1 21.3/21-4 USB3 is at 0x2_B000

0x2_3000 USB controller 2 21.3/21-4 —

0x2_4000 eTSEC1 14.5/14-14 —

0x2_5000 Reserved — —
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0x2_6000 eTSEC3 14.5/14-14 —

0x2_7000–
0x3_AFFF

Reserved — —

0x2_B000 USB controller 3 21.3/21-4 USB1 is at 0x2_2000;
USB2 is at 0x2_3000;

0x2_C000–
0x2_DFFF

Reserved — —

0x2_E000 Enhanced secure digital controller 20.4/20-5 —

0x2_F000–
0x3_1004

Reserved — —

0x3_0000 Integrated security engine 10.2/10-11 —

Programmable Interrupt Controller (PIC) (0x4_0000–0x7_FFFF)

0x4_0000 PIC—Global 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–
0xD_FFFF

Reserved — —

Device Specific Utilities (0xE_0000–0xF_FFFF)

0xE_0000 Global Utilities 23.4/23-3 —

0xE_1000 Performance Monitor 24.3/24-3 —

0xE_2000 Watchpoint Monitor and Trace Buffer 25.3/25-9 —

0xE_3000 SerDes1 (8-lane) control 23.4/23-3 —

0xE_3100 SerDes2 (2-lane) control 23.4/23-3 —

0xE_3200–
0xE_FFFF

Reserved — —

0xF_0000 Internal Bootrom1 — —

1 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 0xF_E000 to 0xF_FFFF.

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

Block Base Address
(Hex)

Block Section/Page Comments
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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
• List of output signal states at reset

NOTE
A bar over a signal name indicates that the signal is active low, such as 
IRQ_OUT (interrupt out). Active-low signals are referred to as asserted 
(active) when they are low and negated when they are high. Signals that are 
not active low, such as IRQ (interrupt input), are referred 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_clk is an internal signal. These are discussed 
only as necessary for understanding the external functionality of the device.

3.1 Signals Overview

The MPC8536E signals are grouped as follows:

• DDR memory interface signals
• PCI interface signals
• eTSEC 1 and 3 interface signals
• 1588 signals
• Enhanced local bus controller signals
• DMA interface signals
• PIC interface signals
• DUART interface signals
• I2C interface signals
• PCI Express 1, 2, and 3 interface signals
• SATA and SGMII signals
• System control, power management, and debug signals
• Test, JTAG, configuration, and clock signals
• USB interface signals
• eSDHC signals
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• SPI signals
• Configuration signals
• General-purpose input/output signals

Note that individual chapters of this document provide details for each signal, describing each signal’s 
behavior when the signal is asserted or negated and when the signal is an input or an output.

The following tables provide summaries of signal functions. Table 3-1 lists the signals grouped by 
function, and Table 3-2 lists the signals alphabetically. 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). Finally, 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 
Functional

Block
Alternate Function(s)

No. of
Signals

I/O
Table/
Page

MDQ[0:63] DDR data DDR memory — 64 I/O 8-3/8-6

MECC[0:7] DDR error correcting code DDR memory — 8 I/O 8-3/8-6

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

MDM8 DDR ECC data mask DDR memory — 1 O 8-3/8-6

MDQS[0:7] DDR data strobe DDR memory — 8 I/O 8-3/8-6

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

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

MDQS8 DDR ECC data strobe 
(complement)

DDR memory — 1 I/O 8-3/8-6

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

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

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

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

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

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

MCKE[0:3] DDR clock enable DDR memory — 4 O 8-3/8-6

MCK[0:5],
MCK[0:5]

DDR differential clocks (3 
pairs/DIMM)

DDR memory — 12 O 8-3/8-6

MODT[0:3] DRAM On-Die Termination DDR memory — 4 O 8-3/8-6

MDIC[0:1] Driver impedance calibration Debug/
DDR memory

— 2 I/O 8-3/8-6

MAPAR_ERR DDR address parity in DDR memory — 1 I 8-3/8-6

MAPAR_OUT DDR address parity out DDR memory — 1 O 8-3/8-6

PCI_AD[31:0] PCI address/data PCI — 32 I/O 16-2/16-6
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PCI_C/BE[3:0] PCI command/byte enable PCI — 4 I/O 16-2/16-6

PCI_PAR PCI parity PCI — 1 I/O 16-2/16-6

PCI_FRAME PCI frame PCI — 1 I/O 16-2/16-6

PCI_TRDY PCI target ready PCI — 1 I/O 16-2/16-6

PCI_IRDY PCI initiator ready PCI — 1 I/O 16-2/16-6

PCI_STOP PCI stop PCI — 1 I/O 16-2/16-6

PCI_DEVSEL PCI device select PCI — 1 I/O 16-2/16-6

PCI_IDSEL PCI initial device select PCI — 1 I 16-2/16-6

PCI_PERR PCI parity error PCI — 1 I/O 16-2/16-6

PCI_SERR PCI system error PCI — 1 I/O 16-2/16-6

PCI_REQ0 PCI request 0 PCI — 1 I/O 16-2/16-6

PCI_REQ[1:2] PCI request 1–2 PCI — 2 I 16-2/16-6

PCI_REQ[3:4] PCI request 3–4 PCI GPIO[0:1] 2 I 16-2/16-6

PCI_GNT0 PCI grant 0 PCI — 1 I/O 16-2/16-6

PCI_GNT1 PCI grant 1 PCI cfg_pci_impd 1 O 16-2/16-6

PCI_GNT2 PCI grant 2 PCI cfg_pci_arb 1 O 16-2/16-6

PCI_GNT[3:4] PCI grant 3 PCI GPIO[2:3] 1 O 16-2/16-6

PCI_CLK PCI clock PCI — 1 I 16-2/16-6

EC_GTX_CLK125 Gigabit reference clock Gigabit clock — 1 I 16-2/16-6

EC_MDC Ethernet management data 
clock

Ethernet 
management

cfg_eng_use0 1 O 16-2/16-6

EC_MDIO Ethernet management data 
in/out

Ethernet 
management

— 1 I/O 16-2/16-6

TSEC1_TXD[7:4] TSEC1 transmit data 7–4 eTSEC1 FIFO1_TXD[7:4]/
cfg_rom_loc[0:3]

4 O 14-2/14-10

TSEC1_TXD3 TSEC1 transmit data 3 eTSEC1 FIFO1_TXD3/
cfg_eng_use1

1 O 14-2/14-10

TSEC1_TXD2 TSEC1 transmit data 2 eTSEC1 FIFO1_TXD2/
cfg_srds2_prtcl0

1 O 14-2/14-10

TSEC1_TXD[1:0] TSEC1 transmit data 1 eTSEC1 FIFO1_TXD1/
cfg_tsec1_prtcl[1:0]

2 O 14-2/14-10

TSEC1_TX_EN TSEC1 transmit enable eTSEC1 FIFO1_TX_EN 1 O 14-2/14-10

TSEC1_TX_ER TSEC1 transmit error eTSEC1 FIFO1_TX_ER/
cfg_tsec1_reduce

1 O 14-2/14-10

TSEC1_TX_CLK TSEC1 transmit clock in eTSEC1 FIFO1_TX_CLK 1 I 14-2/14-10

TSEC1_GTX_CLK TSEC1 transmit clock out eTSEC1 — 1 O 14-2/14-10

TSEC1_CRS TSEC1 carrier sense eTSEC1 FIFO1_RX_FC 1 I/O 14-2/14-10

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

Name Description 
Functional

Block
Alternate Function(s)

No. of
Signals

I/O
Table/
Page
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TSEC1_COL TSEC1 collision detect eTSEC1 FIFO1_TX_FC 1 I 14-2/14-10

TSEC1_RXD[7:0] TSEC1 receive data eTSEC1 FIFO1_RXD[7:0] 8 I 14-2/14-10

TSEC1_RX_DV TSEC1 receive data valid eTSEC1 FIFO1_RX_DV 1 I 14-2/14-10

TSEC1_RX_ER TSEC1 receiver error eTSEC1 FIFO1_RX_ER 1 I 14-2/14-10

TSEC1_RX_CLK TSEC1 receive clock eTSEC1 FIFO1_RX_CLK 1 I 14-2/14-10

TSEC3_TXD7 TSEC3 transmit data 7 eTSEC3 FIFO3_TXD7/
cfg_eng_use2

1 O 14-2/14-10

TSEC3_TXD[6:4] TSEC3 transmit data [6:4] eTSEC3 FIFO3_TXD[6:4]/
cfg_io_ports[0:2]

3 O 14-2/14-10

TSEC3_TXD3 TSEC3 transmit data 3 eTSEC3 FIFO3_TXD3/
cfg_srds2_ref_clk0

1 O 14-2/14-10

TSEC3_TXD2 TSEC3 transmit data 2 eTSEC3 FIFO3_TXD2/
cfg_srds2_prtcl1

1 O 14-2/14-10

TSEC3_TXD[1:0] TSEC3 transmit data 1–0 eTSEC3 FIFO3_TXD[1:0]/
cfg_tsec3_prtcl[1:0]

2 O 14-2/14-10

TSEC3_TX_EN TSEC3 transmit enable eTSEC3 FIFO3_TX_EN 1 O 14-2/14-10

TSEC3_TX_ER TSEC3 transmit error eTSEC3 FIFO3_TX_ER/
cfg_tsec3_reduce

1 O 14-2/14-10

TSEC3_TX_CLK TSEC3 transmit clock in eTSEC3 FIFO3_TX_CLK 1 I 14-2/14-10

TSEC3_GTX_CLK TSEC3 transmit clock out eTSEC3 — 1 O 14-2/14-10

TSEC3_CRS TSEC3 carrier sense eTSEC3 FIFO3_RX_FC 1 I/O 14-2/14-10

TSEC3_COL TSEC3 collision detect eTSEC3 FIFO3_TX_FC 1 I 14-2/14-10

TSEC3_RXD[7:0] TSEC3 receive data 7–0 eTSEC3 FIFO3_RXD[7:0] 8 I 14-2/14-10

TSEC3_RX_DV TSEC3 receive data valid eTSEC3 FIFO3_RX_DV 1 I 14-2/14-10

TSEC3_RX_ER TSEC3 receive error eTSEC3 FIFO3_RX_ER 1 I 14-2/14-10

TSEC3_RX_CLK TSEC3 receive clock eTSEC3 FIFO3_RX_CLK 1 I 14-2/14-10

TSEC_1588_CLK IEEE 1588 clock IEEE 1588 — 1 I 14-2/14-10

TSEC_1588_
CLK_OUT

IEEE 1588 clock out IEEE 1588 cfg_ddr_pll2 1 O 14-2/14-10

TSEC_1588_
TRIG_IN[0:1]

IEEE 1588 trigger in IEEE 1588 2 I 14-2/14-10

TSEC_1588_
PULSE_OUT1

IEEE 1588 pulse out 1 IEEE 1588 cfg_srds2_prtcl2 1 O 14-2/14-10

TSEC_1588_
PULSE_OUT2

IEEE 1588 pulse out 2 IEEE 1588 cfg_srds2_ref_clk1 1 O 14-2/14-10

TSEC_1588_
TRIG_OUT[0:1]

IEEE 1588 alarm out IEEE 1588 cfg_ddr_pll[0:1] 2 O 14-2/14-10

LAD[0:31] Local bus address/data eLBC cfg_gpinput[0:31] 32 I/O 13-2/13-5

LDP[0:3] Local bus data parity eLBC — 4 I/O 13-2/13-5

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

Name Description 
Functional

Block
Alternate Function(s)

No. of
Signals

I/O
Table/
Page
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LA27 Local bus burst address eLBC cfg_cpu_boot 1 O 13-2/13-5

LA[28:31] Local bus port address eLBC cfg_sys_pll[0:3] 4 O 13-2/13-5

LCS[0:4] Local bus chip select 0–4 eLBC — 5 O 13-2/13-5

LCS5 Local bus chip select 5 eLBC DMA_DREQ2 1 I/O 13-2/13-5

LCS6 Local bus chip select 6 eLBC DMA_DACK2 1 O 13-2/13-5

LCS7 Local bus chip select 7 eLBC DMA_DDONE2 1 O 13-2/13-5

LWE0/
LBS0/LFWE

Local bus write enable
/byte select 0

eLBC cfg_core_speed 1 O 13-2/13-5

LWE[1:3]/
LBS[1:3]

Local bus write enable
/byte select 1–3

eLBC cfg_host_agt[0:2] 3 O 13-2/13-5

LBCTL Local bus data buffer control eLBC cfg_core_pll0 1 O 13-2/13-5

LALE Local bus address latch enable eLBC cfg_core_pll1 1 O 13-2/13-5

LGPL0/LFCLE Local bus UPM general purpose 
line 0

eLBC cfg_dram_type 1 O 13-2/13-5

LGPL1/LFALE Local bus GP line 1 eLBC cfg_sys_speed 1 O 13-2/13-5

LGPL2/
LOE/LFRE

Local bus GP line 2
/output enable

eLBC cfg_core_pll2 1 O 13-2/13-5

LGPL3/LFWP Local bus GP line 3 eLBC cfg_boot_seq0 1 O 13-2/13-5

LGPL4/LGTA/
LFRB/LUPWAIT/

LPBSE

Local bus GP line 4/GPCM 
terminate access/UPM wait

eLBC — 1 I/O 13-2/13-5

LGPL5 Local bus GP line 5 address eLBC cfg_boot_seq1 1 O 13-2/13-5

LCLK[0:2] Local bus clock eLBC — 3 O 13-2/13-5

LSYNC_IN Local bus PLL synchronization eLBC — 1 I 13-2/13-5

LSYNC_OUT Local bus PLL synchronization eLBC — 1 O 13-2/13-5

DMA_DREQ[0:1] DMA request 0–1 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 O 15-3/15-5

DMA_DACK3 DMA acknowledge 3 DMA IRQ10 1 O 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 O 15-3/15-5

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

UDE Unconditional debug event PIC — 1 I 9-3/9-8

IRQ[0:8] External interrupt 0–8 PIC — 9 I 9-3/9-8

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

Name Description 
Functional

Block
Alternate Function(s)

No. of
Signals

I/O
Table/
Page
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IRQ9 External interrupt 9 PIC DMA_DREQ3 1 I 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

IRQ_OUT Interrupt output PIC — 1 O 9-3/9-8

UART_SIN[0:1] DUART serial data in Dual UART — 2 I 12-1/12-3

UART_SOUT[0:1] DUART serial data out Dual UART — 2 O 12-1/12-3

UART_CTS[0:1] DUART clear to send Dual UART — 2 I 12-1/12-3

UART_RTS[0:1] DUART ready to send Dual UART — 2 O 12-1/12-3

IIC1_SDA I2C serial data I2C — 1 I/O 11-2/11-4

IIC1_SCL I2C serial clock I2C — 1 I/O 11-2/11-4

IIC2_SDA I2C serial data I2C — 1 I/O 11-2/11-4

IIC2_SCL I2C serial clock I2C — 1 I/O 11-2/11-4

SD1_RX[7:6],
SD1_RX[7:6]

PCI Express receive data,
receive data complement

PCI Express 1/
PCI Express 2/
PCI Express 3

— 2 I 17-2/17-5

SD1_RX[5:4],
SD1_RX[5:4]

PCI Express receive data,
receive data complement

PCI Express 1/
PCI Express 2

— 2 I 17-2/17-5

SD1_RX[3:0],
SD1_RX[3:0]

PCI Express receive data,
receive data complement

PCI Express 1 — 4 I 17-2/17-5

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

PCI Express transmit data,
transmit data complement

PCI Express 1/
PCI Express 2/
PCI Express 3

— 2 O 17-2/17-5

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

PCI Express transmit data,
transmit data complement

PCI Express 1/
PCI Express 2

— 2 O 17-2/17-5

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

PCI Express transmit data,
transmit data complement

PCI Express 1 — 4 O 17-2/17-5

SD1_REF_CLK,
SD1_REF_CLK

SerDes1 reference clock,
SerDes1 reference clock 
complement

PCI Express 1,
PCI Express 2,
PCI Express 3

— 2 I

SD2_RX[1:0],
SD2_RX[1:0]

Receive data,
receive data complement

SATA, SGMII — 4 I

SD2_TX[1:0],
SD2_TX[1:0]

Transmit data,
transmit data complement

SATA, SGMII — 4 O

SD2_REF_CLK,
SD2_REF_CLK

SerDes2 reference clock,
SerDes2 reference clock 
complement

SATA, SGMII — 2 I

HRESET Hard reset System control — 1 I 4-2/4-2

HRESET_REQ Hard reset request System control — 1 O 4-2/4-2

SRESET Soft reset System control — 1 I 4-2/4-2

CKSTP_IN Checkstop in System control — 1 I 23-2/23-2
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CKSTP_OUT Checkstop out System control — 1 O 23-2/23-2

READY Device ready System control TRIG_OUT 1 O 4-2/4-2

ASLEEP Asleep Power mgmt — 1 O 23-2/23-2

POWER_OK Stable power Power mgmt — 1 I 23-2/23-2

POWER_EN Power enable Power mgmt — 1 O 23-2/23-2

TRIG_IN Watchpoint trigger in Debug — 1 I 25-4/25-7

TRIG_OUT Watchpoint trigger out Debug READY 1 O 25-4/25-7

MSRCID0 Memory debug source port ID 0 Debug cfg_mem_debug 1 O 25-3/25-6

MSRCID1 Memory debug source port ID 1 Debug cfg_ddr_debug 1 O 25-3/25-6

MSRCID[2:4] Memory debug source port ID 
2–4

Debug — 3 O 25-3/25-6

MDVAL Memory debug data valid Debug — 1 O 25-3/25-6

LSSD_MODE LSSD mode Test — 1 I 25-5/25-8

L1_TSTCLK L1 test clock Test — 1 I 25-5/25-8

L2_TSTCLK L2 test clock Test — 1 I 25-5/25-8

TEST_SEL Test select Test — 1 I 25-5/25-8

TEMP_ANODE Thermal diode access Test — 2 I 25-5/25-8

TEMP_CATHODE Thermal diode access Test — 2 I 25-5/25-8

TCK Test clock JTAG — 1 I 25-5/25-8

TDI Test data in JTAG — 1 I 25-5/25-8

TDO Test data out JTAG — 1 O 25-5/25-8

TMS Test mode select JTAG — 1 I 25-5/25-8

TRST Test reset JTAG — 1 I 25-5/25-8

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

RTC Real time clock Clock — 1 I 4-3/4-3

CLK_OUT Clock out Clock — 1 O 23-2/23-2

USB1_D[7:0] USB1 data USB1 — 8 I/O 21-1/21-3

USB1_NXT USB1 next data USB1 — 1 I 21-1/21-3

USB1_DIR USB1 data USB1 — 1 I 21-1/21-3

USB1_STP USB1 stop USB1 cfg_pci_clk 1 O 21-1/21-3

USB1_PWRFAULT USB1 power fault USB1 — 1 I 21-1/21-3

USB1_PCTL0 USB1 port control 0 USB1 GPIO6 1 O 21-1/21-3

USB1_PCTL1 USB1 port control 1 USB1 GPIO7 1 O 21-1/21-3

USB1_CLK USB1 clock USB1 — 1 I 21-1/21-3

USB2_D[7:0] USB2 data USB2 — 8 I/O 21-1/21-3
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USB2_NXT USB2 next data USB2 — 1 I 21-1/21-3

USB2_DIR USB2 data USB2 — 1 I 21-1/21-3

USB2_STP USB2 stop USB2 cfg_pci_speed 1 O 21-1/21-3

USB2_PWRFAULT USB2 power fault USB2 — 1 I 21-1/21-3

USB2_PCTL0 USB2 port control 0 USB2 GPIO8 1 O 21-1/21-3

USB2_PCTL1 USB2 port control 1 USB2 GPIO9 1 O 21-1/21-3

USB2_CLK USB2 clock USB2 — 1 I 21-1/21-3

USB3_D[7:0] USB3 data USB3 — 8 I/O 21-1/21-3

USB3_NXT USB3 next data USB3 — 1 I 21-1/21-3

USB3_DIR USB3 data USB3 — 1 I 21-1/21-3

USB3_STP USB3 stop USB3 — 1 O 21-1/21-3

USB3_CLK USB3 clock USB3 — 1 I 21-1/21-3

SDHC_CMD eSDHC command eSDHC — 1 I/O 20-1/20-4

SDHC_CD eSDHC eSDHC GPIO4 1 I 20-1/20-4

SDHC_DAT[0:3] eSDHC data eSDHC — 1 I/O 20-1/20-4

SDHC_DAT[4:7] eSDHC data eSDHC SPI_CS[0:3] 4 I/O 20-1/20-4

SDHC_CLK eSDHC clock eSDHC — 1 O 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 I/O 18-1/18-4

SPI_MISO SPI master in slave out SPI — 1 I 18-1/18-4

SPI_CLK SPI clock SPI — 1 O 18-1/18-4

SPI_CS[0:3] SPI chip select 0–3 SPI SDHC_DAT[4:7] 4 I/O 18-1/18-4

GPIO[0:1] General-purpose I/O GPIO PCI_REQ[3:4] 2 I/O 22-1/22-2

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

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

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

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

GPIO6 General-purpose I/O GPIO USB1_PCTL0 1 I/O 22-1/22-2

GPIO7 General-purpose I/O GPIO USB1_PCTL1 1 I/O 22-1/22-2

GPIO8 General-purpose I/O GPIO USB2_PCTL0 1 I/O 22-1/22-2

GPIO9 General-purpose I/O GPIO USB2_PCTL1 1 I/O 22-1/22-2

GPIO[10:11] General-purpose I/O GPIO DMA_DACK[0:1] 2 I/O 22-1/22-2

GPIO[12:13] General-purpose I/O GPIO DMA_DDONE[0:1] 2 I/O 22-1/22-2

GPIO[14:15] General-purpose I/O GPIO DMA_DREQ[0:1] 2 I/O 22-1/22-2
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Table 3-2 provides the alphabetical summary list of signals. 

Table 3-2. MPC8536E Alphabetical Signal Reference

Name Description 
Functional

Block
Alternate Function(s)

No. of
Signals

I/O
Table/
Page

ASLEEP Asleep Power mgmt — 1 O 23-2/23-2

CKSTP_IN Checkstop in System control — 1 I 23-2/23-2

CKSTP_OUT Checkstop out System control — 1 O 23-2/23-2

CLK_OUT Clock out Clock — 1 O 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 O 15-3/15-5

DMA_DACK3 DMA acknowledge 3 DMA IRQ10 1 O 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 O 15-3/15-5

DMA_DREQ[0:1] DMA request 0–1 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 
clock

Ethernet 
management

cfg_eng_use0 1 O 16-2/16-6

EC_MDIO Ethernet management data 
in/out

Ethernet 
management

— 1 I/O 16-2/16-6

GPIO[0:1] General-purpose I/O GPIO PCI_REQ[3:4] 2 I/O 22-1/22-2

GPIO[10:11] General-purpose I/O GPIO DMA_DACK[0:1] 2 I/O 22-1/22-2

GPIO[12:13] General-purpose I/O GPIO DMA_DDONE[0:1] 2 I/O 22-1/22-2

GPIO[14:15] General-purpose I/O GPIO DMA_DREQ[0:1] 2 I/O 22-1/22-2

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

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

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

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

GPIO6 General-purpose I/O GPIO USB1_PCTL0 1 I/O 22-1/22-2

GPIO7 General-purpose I/O GPIO USB1_PCTL1 1 I/O 22-1/22-2

GPIO8 General-purpose I/O GPIO USB2_PCTL0 1 I/O 22-1/22-2

GPIO9 General-purpose I/O GPIO USB2_PCTL1 1 I/O 22-1/22-2

HRESET Hard reset System control — 1 I 4-2/4-2

HRESET_REQ Hard reset request System control — 1 O 4-2/4-2

IIC1_SCL I2C serial clock I2C — 1 I/O 11-2/11-4

IIC1_SDA I2C serial data I2C — 1 I/O 11-2/11-4

IIC2_SCL I2C serial clock I2C — 1 I/O 11-2/11-4
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IIC2_SDA I2C serial data I2C — 1 I/O 11-2/11-4

IRQ[0:8] External interrupt 0–8 PIC — 9 I 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 I 25-5/25-8

L2_TSTCLK L2 test clock Test — 1 I 25-5/25-8

LA[28:31] Local bus port address eLBC cfg_sys_pll[0:3] 4 O 13-2/13-5

LA27 Local bus burst address eLBC cfg_cpu_boot 1 O 13-2/13-5

LAD[0:31] Local bus address/data eLBC cfg_gpinput[0:31] 32 I/O 13-2/13-5

LALE Local bus address latch enable eLBC cfg_core_pll1 1 O 13-2/13-5

LBCTL Local bus data buffer control eLBC cfg_core_pll0 1 O 13-2/13-5

LCLK[0:2] Local bus clock eLBC — 3 O 13-2/13-5

LCS[0:4] Local bus chip select 0–4 eLBC — 5 O 13-2/13-5

LCS5 Local bus chip select 5 eLBC DMA_DREQ2 1 I/O 13-2/13-5

LCS6 Local bus chip select 6 eLBC DMA_DACK2 1 O 13-2/13-5

LCS7 Local bus chip select 7 eLBC DMA_DDONE2 1 O 13-2/13-5

LDP[0:3] Local bus data parity eLBC — 4 I/O 13-2/13-5

LGPL0/LFCLE Local bus UPM general purpose 
line 0

eLBC cfg_dram_type 1 O 13-2/13-5

LGPL1/LFALE Local bus GP line 1 eLBC cfg_sys_speed 1 O 13-2/13-5

LGPL2/
LOE/LFRE

Local bus GP line 2
/output enable

eLBC cfg_core_pll2 1 O 13-2/13-5

LGPL3/LFWP Local bus GP line 3 eLBC cfg_boot_seq0 1 O 13-2/13-5

LGPL4/LGTA/
LFRB/LUPWAIT/

LPBSE

Local bus GP line 4/GPCM 
terminate access/UPM wait

eLBC — 1 I/O 13-2/13-5

LGPL5 Local bus GP line 5 address eLBC cfg_boot_seq1 1 O 13-2/13-5

LSSD_MODE LSSD mode Test — 1 I 25-5/25-8

LSYNC_IN Local bus PLL synchronization eLBC — 1 I 13-2/13-5

LSYNC_OUT Local bus PLL synchronization eLBC — 1 O 13-2/13-5

LWE[1:3]/
LBS[1:3]

Local bus write enable
/byte select 1–3

eLBC cfg_host_agt[0:2] 3 O 13-2/13-5

LWE0/
LBS0/LFWE

Local bus write enable
/byte select 0

eLBC cfg_core_speed 1 O 13-2/13-5

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

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

Name Description 
Functional

Block
Alternate Function(s)

No. of
Signals

I/O
Table/
Page



Signal Descriptions

MPC8536E PowerQUICC III Integrated Processor Reference Manual, Rev. 1

Freescale Semiconductor 3-11
 

MAPAR_ERR DDR address parity in DDR memory — 1 I 8-3/8-6

MAPAR_OUT DDR address parity out DDR memory — 1 O 8-3/8-6

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

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

MCK[0:5],
MCK[0:5]

DDR differential clocks (3 
pairs/DIMM)

DDR memory — 12 O 8-3/8-6

MCKE[0:3] DDR clock enable DDR memory — 4 O 8-3/8-6

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

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

MDIC[0:1] Driver impedance calibration Debug/
DDR memory

— 2 I/O 8-3/8-6

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

MDM8 DDR ECC data mask DDR memory — 1 O 8-3/8-6

MDQ[0:63] DDR data DDR memory — 64 I/O 8-3/8-6

MDQS[0:7] DDR data strobe DDR memory — 8 I/O 8-3/8-6

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

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

MDQS8 DDR ECC data strobe 
(complement)

DDR memory — 1 I/O 8-3/8-6

MDVAL Memory debug data valid Debug — 1 O 25-3/25-6

MECC[0:7] DDR error correcting code DDR memory — 8 I/O 8-3/8-6

MODT[0:3] DRAM On-Die Termination DDR memory — 4 O 8-3/8-6

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

MSRCID[2:4] Memory debug source port ID 
2–4

Debug — 3 O 25-3/25-6

MSRCID0 Memory debug source port ID 0 Debug cfg_mem_debug 1 O 25-3/25-6

MSRCID1 Memory debug source port ID 1 Debug cfg_ddr_debug 1 O 25-3/25-6

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

PCI_AD[31:0] PCI address/data PCI — 32 I/O 16-2/16-6

PCI_C/BE[3:0] PCI command/byte enable PCI — 4 I/O 16-2/16-6

PCI_CLK PCI clock PCI — 1 I 16-2/16-6

PCI_DEVSEL PCI device select PCI — 1 I/O 16-2/16-6

PCI_FRAME PCI frame PCI — 1 I/O 16-2/16-6

PCI_GNT[3:4] PCI grant 3 PCI GPIO[2:3] 1 O 16-2/16-6

PCI_GNT0 PCI grant 0 PCI — 1 I/O 16-2/16-6

PCI_GNT1 PCI grant 1 PCI cfg_pci_impd 1 O 16-2/16-6
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PCI_GNT2 PCI grant 2 PCI cfg_pci_arb 1 O 16-2/16-6

PCI_IDSEL PCI initial device select PCI — 1 I 16-2/16-6

PCI_IRDY PCI initiator ready PCI — 1 I/O 16-2/16-6

PCI_PAR PCI parity PCI — 1 I/O 16-2/16-6

PCI_PERR PCI parity error PCI — 1 I/O 16-2/16-6

PCI_REQ[1:2] PCI request 1–2 PCI — 2 I 16-2/16-6

PCI_REQ[3:4] PCI request 3–4 PCI GPIO[0:1] 2 I 16-2/16-6

PCI_REQ0 PCI request 0 PCI — 1 I/O 16-2/16-6

PCI_SERR PCI system error PCI — 1 I/O 16-2/16-6

PCI_STOP PCI stop PCI — 1 I/O 16-2/16-6

PCI_TRDY PCI target ready PCI — 1 I/O 16-2/16-6

POWER_EN Power enable Power mgmt — 1 O 23-2/23-2

POWER_OK Stable power Power mgmt — 1 I 23-2/23-2

READY Device ready System control TRIG_OUT 1 O 4-2/4-2

RTC Real time clock Clock — 1 I 4-3/4-3

SD1_REF_CLK,
SD1_REF_CLK

SerDes1 reference clock,
SerDes1 reference clock 
complement

PCI Express 1,
PCI Express 2,
PCI Express 3

— 2 I

SD1_RX[3:0],
SD1_RX[3:0]

PCI Express receive data,
receive data complement

PCI Express 1 — 4 I 17-2/17-5

SD1_RX[5:4],
SD1_RX[5:4]

PCI Express receive data,
receive data complement

PCI Express 1/
PCI Express 2

— 2 I 17-2/17-5

SD1_RX[7:6],
SD1_RX[7:6]

PCI Express receive data,
receive data complement

PCI Express 1/
PCI Express 2/
PCI Express 3

— 2 I 17-2/17-5

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

PCI Express transmit data,
transmit data complement

PCI Express 1 — 4 O 17-2/17-5

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

PCI Express transmit data,
transmit data complement

PCI Express 1/
PCI Express 2

— 2 O 17-2/17-5

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

PCI Express transmit data,
transmit data complement

PCI Express 1/
PCI Express 2/
PCI Express 3

— 2 O 17-2/17-5

SD2_REF_CLK,
SD2_REF_CLK

SerDes2 reference clock,
SerDes2 reference clock 
complement

SATA, SGMII — 2 I

SD2_RX[1:0],
SD2_RX[1:0]

Receive data,
receive data complement

SATA, SGMII — 4 I

SD2_TX[1:0],
SD2_TX[1:0]

Transmit data,
transmit data complement

SATA, SGMII — 4 O

SDHC_CD eSDHC eSDHC GPIO4 1 I 20-1/20-4
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SDHC_CLK eSDHC clock eSDHC — 1 O 20-1/20-4

SDHC_CMD eSDHC command eSDHC — 1 I/O 20-1/20-4

SDHC_DAT[0:3] eSDHC data eSDHC — 1 I/O 20-1/20-4

SDHC_DAT[4:7] eSDHC data eSDHC SPI_CS[0:3] 4 I/O 20-1/20-4

SDHC_WP eSDHC write protect eSDHC GPIO5 1 I 20-1/20-4

SPI_CLK SPI clock SPI — 1 O 18-1/18-4

SPI_CS[0:3] SPI chip select 0–3 SPI SDHC_DAT[4:7] 4 I/O 18-1/18-4

SPI_MISO SPI master in slave out SPI — 1 I 18-1/18-4

SPI_MOSI SPI master out slave in SPI — 1 I/O 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 I 25-5/25-8

TDI Test data in JTAG — 1 I 25-5/25-8

TDO Test data out JTAG — 1 O 25-5/25-8

TEMP_ANODE Thermal diode access Test — 2 I 25-5/25-8

TEMP_CATHODE Thermal diode access Test — 2 I 25-5/25-8

TEST_SEL Test select Test — 1 I 25-5/25-8

TMS Test mode select JTAG — 1 I 25-5/25-8

TRIG_IN Watchpoint trigger in Debug — 1 I 25-4/25-7

TRIG_OUT Watchpoint trigger out Debug READY 1 O 25-4/25-7

TRST Test reset JTAG — 1 I 25-5/25-8

TSEC_1588_CLK IEEE 1588 clock IEEE 1588 — 1 I 14-2/14-10

TSEC_1588_
CLK_OUT

IEEE 1588 clock out IEEE 1588 cfg_ddr_pll2 1 O 14-2/14-10

TSEC_1588_
PULSE_OUT1

IEEE 1588 pulse out 1 IEEE 1588 cfg_srds2_prtcl2 1 O 14-2/14-10

TSEC_1588_
PULSE_OUT2

IEEE 1588 pulse out 2 IEEE 1588 cfg_srds2_ref_clk1 1 O 14-2/14-10

TSEC_1588_
TRIG_IN[0:1]

IEEE 1588 trigger in IEEE 1588 2 I 14-2/14-10

TSEC_1588_
TRIG_OUT[0:1]

IEEE 1588 alarm out IEEE 1588 cfg_ddr_pll[0:1] 2 O 14-2/14-10

TSEC1_COL TSEC1 collision detect eTSEC1 FIFO1_TX_FC 1 I 14-2/14-10

TSEC1_CRS TSEC1 carrier sense eTSEC1 FIFO1_RX_FC 1 I/O 14-2/14-10

TSEC1_GTX_CLK TSEC1 transmit clock out eTSEC1 — 1 O 14-2/14-10

TSEC1_RX_CLK TSEC1 receive clock eTSEC1 FIFO1_RX_CLK 1 I 14-2/14-10

TSEC1_RX_DV TSEC1 receive data valid eTSEC1 FIFO1_RX_DV 1 I 14-2/14-10
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TSEC1_RX_ER TSEC1 receiver error eTSEC1 FIFO1_RX_ER 1 I 14-2/14-10

TSEC1_RXD[7:0] TSEC1 receive data eTSEC1 FIFO1_RXD[7:0] 8 I 14-2/14-10

TSEC1_TX_CLK TSEC1 transmit clock in eTSEC1 FIFO1_TX_CLK 1 I 14-2/14-10

TSEC1_TX_EN TSEC1 transmit enable eTSEC1 FIFO1_TX_EN 1 O 14-2/14-10

TSEC1_TX_ER TSEC1 transmit error eTSEC1 FIFO1_TX_ER/
cfg_tsec1_reduce

1 O 14-2/14-10

TSEC1_TXD[1:0] TSEC1 transmit data 1 eTSEC1 FIFO1_TXD1/
cfg_tsec1_prtcl[1:0]

2 O 14-2/14-10

TSEC1_TXD[7:4] TSEC1 transmit data 7–4 eTSEC1 FIFO1_TXD[7:4]/
cfg_rom_loc[0:3]

4 O 14-2/14-10

TSEC1_TXD2 TSEC1 transmit data 2 eTSEC1 FIFO1_TXD2/
cfg_srds2_prtcl0

1 O 14-2/14-10

TSEC1_TXD3 TSEC1 transmit data 3 eTSEC1 FIFO1_TXD3/
cfg_eng_use1

1 O 14-2/14-10

TSEC3_COL TSEC3 collision detect eTSEC3 FIFO3_TX_FC 1 I 14-2/14-10

TSEC3_CRS TSEC3 carrier sense eTSEC3 FIFO3_RX_FC 1 I/O 14-2/14-10

TSEC3_GTX_CLK TSEC3 transmit clock out eTSEC3 — 1 O 14-2/14-10

TSEC3_RX_CLK TSEC3 receive clock eTSEC3 FIFO3_RX_CLK 1 I 14-2/14-10

TSEC3_RX_DV TSEC3 receive data valid eTSEC3 FIFO3_RX_DV 1 I 14-2/14-10

TSEC3_RX_ER TSEC3 receive error eTSEC3 FIFO3_RX_ER 1 I 14-2/14-10

TSEC3_RXD[7:0] TSEC3 receive data 7–0 eTSEC3 FIFO3_RXD[7:0] 8 I 14-2/14-10

TSEC3_TX_CLK TSEC3 transmit clock in eTSEC3 FIFO3_TX_CLK 1 I 14-2/14-10

TSEC3_TX_EN TSEC3 transmit enable eTSEC3 FIFO3_TX_EN 1 O 14-2/14-10

TSEC3_TX_ER TSEC3 transmit error eTSEC3 FIFO3_TX_ER/
cfg_tsec3_reduce

1 O 14-2/14-10

TSEC3_TXD[1:0] TSEC3 transmit data 1–0 eTSEC3 FIFO3_TXD[1:0]/
cfg_tsec3_prtcl[1:0]

2 O 14-2/14-10

TSEC3_TXD[6:4] TSEC3 transmit data [6:4] eTSEC3 FIFO3_TXD[6:4]/
cfg_io_ports[0:2]

3 O 14-2/14-10

TSEC3_TXD2 TSEC3 transmit data 2 eTSEC3 FIFO3_TXD2/
cfg_srds2_prtcl1

1 O 14-2/14-10

TSEC3_TXD3 TSEC3 transmit data 3 eTSEC3 FIFO3_TXD3/
cfg_srds2_ref_clk0

1 O 14-2/14-10

TSEC3_TXD7 TSEC3 transmit data 7 eTSEC3 FIFO3_TXD7/
cfg_eng_use2

1 O 14-2/14-10

UART_CTS[0:1] DUART clear to send Dual UART — 2 I 12-1/12-3

UART_RTS[0:1] DUART ready to send Dual UART — 2 O 12-1/12-3

UART_SIN[0:1] DUART serial data in Dual UART — 2 I 12-1/12-3

UART_SOUT[0:1] DUART serial data out Dual UART — 2 O 12-1/12-3

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

Name Description 
Functional

Block
Alternate Function(s)

No. of
Signals

I/O
Table/
Page
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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 the rising 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 functional signal name is 
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 

UDE Unconditional debug event PIC — 1 I 9-3/9-8

USB1_CLK USB1 clock USB1 — 1 I 21-1/21-3

USB1_D[7:0] USB1 data USB1 — 8 I/O 21-1/21-3

USB1_DIR USB1 data USB1 — 1 I 21-1/21-3

USB1_NXT USB1 next data USB1 — 1 I 21-1/21-3

USB1_PCTL0 USB1 port control 0 USB1 GPIO6 1 O 21-1/21-3

USB1_PCTL1 USB1 port control 1 USB1 GPIO7 1 O 21-1/21-3

USB1_PWRFAULT USB1 power fault USB1 — 1 I 21-1/21-3

USB1_STP USB1 stop USB1 cfg_pci_clk 1 O 21-1/21-3

USB2_CLK USB2 clock USB2 — 1 I 21-1/21-3

USB2_D[7:0] USB2 data USB2 — 8 I/O 21-1/21-3

USB2_DIR USB2 data USB2 — 1 I 21-1/21-3

USB2_NXT USB2 next data USB2 — 1 I 21-1/21-3

USB2_PCTL0 USB2 port control 0 USB2 GPIO8 1 O 21-1/21-3

USB2_PCTL1 USB2 port control 1 USB2 GPIO9 1 O 21-1/21-3

USB2_PWRFAULT USB2 power fault USB2 — 1 I 21-1/21-3

USB2_STP USB2 stop USB2 cfg_pci_speed 1 O 21-1/21-3

USB3_CLK USB3 clock USB3 — 1 I 21-1/21-3

USB3_D[7:0] USB3 data USB3 — 8 I/O 21-1/21-3

USB3_DIR USB3 data USB3 — 1 I 21-1/21-3

USB3_NXT USB3 next data USB3 — 1 I 21-1/21-3

USB3_STP USB3 stop USB3 — 1 O 21-1/21-3

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

Name Description 
Functional

Block
Alternate Function(s)

No. of
Signals

I/O
Table/
Page
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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 Integrated 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 

Name
Default

PCI PCI_GNT1 cfg_pci_impd 1

PCI_GNT2 cfg_pci_arb 1

Ethernet Management EC_MDC cfg_eng_use0 1

eTSEC1 TSEC1_TXD[7:4] cfg_rom_loc[0:3] 1111

TSEC1_TXD3 cfg_eng_use1 1

TSEC1_TXD2 cfg_srds2_prtcl0

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_clk0

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_OUT[0:1] cfg_ddr_pll[0:1]

TSEC_1588_CLK_OUT cfg_ddr_pll2

TSEC_1588_PULSE_OUT1 cfg_srds2_prtcl2

TSEC_1588_PULSE_OUT2 cfg_srds2_ref_clk1
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3.3 Output Signal States During Reset

When a system reset is recognized (HRESET is asserted), the MPC8536E aborts all current internal and 
external transactions and releases all bidirectional I/O 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 signals (except for reset configuration signals) and drives 
most output-only signals to 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).

eLBC LAD[0:31] cfg_gpinput[0:31] Indeterminate if not 
driven (no default)

LA27 cfg_cpu_boot 1

LA[28:31] cfg_sys_pll[0:3] Must be driven

LWE0/LBS0/LFWE cfg_core_speed 1

LWE[1:3]/LBS[1:3] cfg_host_agt[0:2] 111

LBCTL cfg_core_pll0 Must be driven

LALE cfg_core_pll1 Must be driven

LGPL0/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 MSRCID0 cfg_mem_debug 1

MSRCID1 cfg_ddr_debug 1

USB1 USB1_STP cfg_pci_clk 1

USB2 USB2_STP cfg_pci_speed 1

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 MCK[0:5] Driven Low

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

Functional Interface Functional Signal Name
Reset Configuration 

Name
Default
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DDR Memory  MCK[0:5] Driven High

DDR Memory MCKE[0:3] Driven Low

DDR Memory MCS[0:3] High-Z

DDR Memory MDM[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

TSEC1 TSEC1_GTX_CLK High-Z

TSEC1 TSEC1_TX_EN High-Z

TSEC3 TSEC3_GTX_CLK High-Z

TSEC3 TSEC3_TX_EN High-Z

eLBC 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

eLBC 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)

Table 3-4. Output Signal States During System Reset (continued)

Interface Signal State During Reset
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Power management POWER_EN Driven High

System Control CKSTP_OUT High-Z

System Control HRESET_REQ Input—reset config (test only)

Table 3-4. Output Signal States During System Reset (continued)

Interface Signal State During Reset
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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 summarizes the 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 sections that contain more information.

The following sections describe the reset and clock signals in detail.

Table 4-1. Signal Summary

Signal I/O Description
References 

(Section/Page)

HRESET I Hard reset input. Causes a power-on reset (POR) sequence. 4.4.1.2/4-8

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

SRESET I Soft reset input. Causes mcp assertion to the core 4.4.1.1/4-8

READY O The MPC8536E has completed the reset operation and is not in a power-down 
(nap, doze or sleep) or debug state.

4.4.2/4-9

SYSCLK I 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 I Real time clock input 4.4.4.4/4-26

SD_REF_CLK/
SD_REF_CLK

I SERDES high-speed interface reference clock 4.4.4.2/4-25

SD2_REF_CLK/
SD2_REF_CLK

I Second SERDES high-speed interface reference clock 4.4.4.2/4-25
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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 also 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 I/O Description

HRESET I 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
Meaning

Asserted/Negated—See Chapter 3, “Signal Descriptions,” and Section 4.4.3, “Power-On 
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
Meaning

Asserted—A watchdog timer or a boot sequencer failure (see Section 11.4.5, “Boot 
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 e500 core. Note that if the e500 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
Meaning

Asserted—Asserting SRESET causes a machine check interrupt (edge sensitive) to the 
e500 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
Meaning

Asserted—Indicates that the MPC8536E has completed the reset operation and is not in a 
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 describes the overall clock signals. Note that some clock signals are specific to blocks within the 
device, and although some of their functionality is described in Section 4.4.4, “Clocking,” they are defined 
in detail in their respective chapters. 

Note that there is also 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).”

4.3 Memory Map/Register Definition

This section describes the configuration and control registers that control access to 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.

Table 4-3. Clock Signals—Detailed Signal Descriptions

Signal I/O Description

SYSCLK I System clock/PCI clock (SYSCLK/PCI_CLK). SYSCLK is the primary clock input to the MPC8536E. It is the clock 
source for the e500 core and for all devices and interfaces that operate synchronously with the core. It is multiplied 
up with a phased-lock loop (PLL) to create the core complex bus (CCB) clock (also called the platform clock), which 
is used by virtually all of the synchronous system logic, including the L2 cache, the DDR SDRAM and local bus 
memory controllers, and other internal blocks such as the DMA and interrupt controllers. The CCB clock, in turn, 
feeds the PLL in the e500 core and the PLL that creates the local bus memory clocks.
When the PCI 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 I 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 e500 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. 
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4.3.1 Local Configuration Control

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

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 
registers is 0xFF70_0000 (CCSRBAR = 0x000F_F700). CCSRBAR itself is part of the local access block 
of CCSR memory, which begins at offset 0x0 from CCSRBAR. Because CCSRBAR is at offset 0x0 from 
the beginning of the local access registers, CCSRBAR always points to itself. The contents of CCSRBAR 
are broadcast internally in the MPC8536E to all functional units that need to be able to identify or create 
configuration transactions.

4.3.1.1.1 Updating CCSRBAR

Updates to CCSRBAR that relocate the entire 1-Mbyte region of configuration, control, and status 
registers require special 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 is being used to initialize, it is recommended that the boot sequencer 
set CCSRBAR to its desired final location.

– If an external host on PCI is configuring the device, it should set CCSRBAR to the desired 
final location before the e500 core is released to boot.

– If the e500 core is initializing the device, it should set CCSRBAR to the desired final 
location before enabling other I/O devices to access the device.

• When the e500 core is writing to CCSRBAR, it should use the following sequence:
– Read the current value of CCSRBAR using a load word instruction followed by an isync. 

This forces all accesses to configuration space to complete.
– Write the new value to CCSRBAR.

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 
address register

R/W 0x000F_F700 4.3.1.1.2/4-5

0x0_0008 ALTCBAR—Alternate 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
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– Perform a load of an address that does not access configuration space or the on-chip SRAM, 
but has an address mapping already in effect (for example, boot ROM). Follow this load 
with an isync.

– Read the contents of CCSRBAR from its new location, followed by another isync.

4.3.1.1.2 Configuration, Control, and Status Registers Base Address 
Register (CCSRBAR)

Figure 4-1 shows the fields of CCSRBAR.

Table 4-5 defines the bit fields of CCSRBAR.

4.3.1.2 Accessing Alternate Configuration Space

An alternate 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-Mbyte region of configuration space. By loading the proper boot sequencer command in the serial ROM, 
the base address in 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 a time. See Section 11.4.5, “Boot Sequencer Mode,” for more information.

NOTE
The enable bit in the 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 mappings if subsequent configuration of the local access windows 
uses a different target mapping for the address specified in ALTCBAR.

Offset 0x0_0000 Access: Read/Write

0 7 8 23 24 31

R
— BASE_ADDR —

W

Reset 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 0 1 1 1 0 0 0 0 0 0 0 0

Figure 4-1. Configuration, Control, and Status Registers Base Address Register (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
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4.3.1.2.1 Alternate Configuration Base Address Register (ALTCBAR)

Figure 4-2 shows the fields of ALTCBAR.

Table 4-6 defines the bit fields of ALTCBAR.

4.3.1.2.2 Alternate Configuration Attribute Register (ALTCAR)

Figure 4-3 shows the fields of ALTCAR.

Table 4-7 defines ALTCAR fields.

Offset 0x0_0008 Access: Read/Write

0 7 8 23 24 31

R
— BASE_ADDR —

W

Reset All zeros

Figure 4-2. Alternate Configuration Base Address Register (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

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. 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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4.3.1.3 Boot Page Translation

When the e500 core comes out of reset, its MMU has one 4-Kbyte page defined at 0x0_FFFF_Fnnn. The 
core begins execution with the instruction at effective address 0x0_FFFF_FFFC. To get this instruction, 
the core’s first instruction fetch is a burst read of boot code from effective address 0x0_FFFF_FFE0. For 
systems in which the boot code resides at a different address, the MPC8536E provides boot page 
translation capability. Boot page translation is controlled by the boot page translation 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 is to be performed to 
a page 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 a local 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 
translation, 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.

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 
00001 PCI Express 2
00010 PCI Express 1
00011 PCI Express 3
00100 Local bus controller

00101–01011 Reserved
01000 Configuration, control, status registers
01001–01110 Reserved 
01111 Local memory—DDR SDRAM and on-chip SRAM

12–31 — Write reserved, read = 0

Offset 0x0_0020 Access: Read/Write

0 1 7 8 31

R
EN — BOOT_PAGE

W

Reset All zeros

Figure 4-4. Boot Page Translation Register (BPTR)

Table 4-7. ALTCAR Bit Settings (continued)

Bits Name Description
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Table 4-8 describes BPTR bit settings.

4.3.2 Boot Sequencer

The boot sequencer is a DMA engine that accesses a serial ROM on the I2C interface and writes data to 
CCSR memory or the memory space pointed to by the alternate 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 e500 core is held in reset until the boot sequencer has completed its 
operation. For more details, see Section 11.4.5, “Boot Sequencer Mode,” in the I2C chapter.

4.4 Functional Description

This section describes the various ways to reset the MPC8536E, 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.

4.4.1.1 Soft Reset

Assertion of SRESET causes a machine check interrupt to the e500 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 e500 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 e500 core is configured to handle a machine check interrupt, a core 
checkstop condition occurs, which causes CKSTP_OUT to assert.

4.4.1.2 Hard Reset

The device can be completely reset by the assertion of the HRESET input. The assertion of this signal by 
external logic is the equivalent of a POR and causes the sequence of events described in Section 4.4.2, 
“Power-On Reset Sequence.” 

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.
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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 a boot sequencer failure (see 
Section 11.4.5, “Boot Sequencer Mode,” and Section 11.4.5.2, “EEPROM Data Format”) or when the 
e500 watchdog timer is configured to cause a reset request when it expires. Software may request a hard 
reset by setting a bit in a global utilities register; 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. Power is applied to meet the specifications in the MPC8536E Integrated Processor Hardware 
Specifications.

2. The system asserts HRESET and TRST, causing all registers to be initialized to their default states 
and most I/O drivers to be three-stated (some clock, clock enabled, and system control signals are 
active).

3. The system applies a stable SYSCLK signal and stable PLL configuration inputs, and the device 
PLL begins locking to SYSCLK.

4. System negates HRESET after its required hold time and after POR configuration inputs have been 
valid for at least 4 SYSCLK 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. 

There is no 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 e500 core PLL is locked and before the e500 reset 
is negated. The POR sequence will be resumed when SRESET is negated. 

5. MPC8536E enables I/O drivers. 
6. The MPC8536E PCI interface can assert DEVSEL in response to configuration cycles.
7. The e500 PLL configuration inputs are applied, allowing the e500 PLL to begin locking to the 

device clock (the CCB clock).
8. The CCB clock is cycled for approximately 50 µs to lock the e500 PLL.
9. The internal hard reset to the e500 core is negated and soft resets are negated to the PLLs and other 

remaining I/O blocks. The PLLs begin to lock.
10. When PLL locking is completed, the local bus FCM is released provided NAND Flash is 

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 I2C1 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 PCI Express interfaces begin training, 
the PCI and PCI Express interfaces are released to accept external requests, and the boot vector 
fetched by the e500 core is allowed to proceed unless processor booting is further held off by POR 
configuration inputs as described in Section 4.4.3.10, “CPU Boot Configuration.” The MPC8536E 
is now in its ready state.

12. The ASLEEP signal negates synchronized to a rising edge of SYSCLK, indicating the ready state. 
The ready state is also indicated by the assertion of READY/TRIG_OUT if TOSR[SEL] = 000. In 
this case, READY is asserted with the same rising edge of SYSCLK, 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 emerges from reset, or if the device is in a low-power mode. For more information 
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 a timing diagram of the POR sequence.

Figure 4-5. Power-On Reset Sequence

SYSCLK

HRESET

TRESET

SRESET

(high impedance)HRESET_REQ 

POR Configs

PLL Configs

READY1

ASLEEP
(High Impedance)

(High Impedance)

1 Multiplexed with TRIG_OUT.
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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 
is no need for a pull-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 
Specifications for proper resistor values to be used for pulling POR configuration signals high or low.

This section describes the functions and modes configured by POR configuration signals. Note that many 
reset configuration settings are accessible to software through the following read-only memory-mapped 
registers described in Chapter 23, “Global Utilities”:

• POR PLL status register (PORPLLSR)
• POR boot mode status register (PORBMSR)
• POR I/O impedance status and control register (PORIMPSCR)
• POR device status register (PORDEVSR)
• 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 the following tables, the binary value 0b0 represents a signal pulled down 
to GND and a value of 0b1 represents a signal pulled up to VDD, regardless 
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 SYSCLK input and the 
platform clock used by the MPC8536E. The platform clock, also called the CCB clock, drives the 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 this ratio with regard to available 
high-speed interface widths and frequencies. Note that the values latched on these signals during POR are 
accessible in the PORPLLSR (POR PLL status register), as described in Section 23.4.1.1, “POR PLL 
Status Register (PORPLLSR).”

Note that x8 PCI Express is only available at CCB clock rates of 527 MHz and above.
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4.4.3.2 e500 Core PLL Ratio

Table 4-10 describes the e500 core clock PLL inputs that program the core PLL and establish the ratio 
between the e500 core clock and the e500 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 e500 core HID1 register, as 
described in the PowerPC e500 Core Family Reference Manual and in Section 5.3, “Summary of Core 
Integratation Details.”

Table 4-9. CCB Clock PLL Ratio

Functional Signals
Reset Configuration 

Name
Value

(Binary)
CCB Clock : SYSCLK Ratio

LA[28:31]

Default (1111)

cfg_sys_pll[0:3] 0000 16 : 1

0001 Reserved

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)

Table 4-10. e500 Core Clock PLL Ratios

Functional Signals Reset Configuration Name Value (Binary)  e500 Core: CCB ClockRatio

LBCTL, LALE, LGPL2/LOE/LFRE

Default (111)

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 drives the DDR data rate, which is 2 times the rate 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 a separate PLL than the rest of the platform, unless the 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 PORPLLSR (POR PLL status register), as described in Section 23.4.1.1, “POR PLL 
Status Register (PORPLLSR).”

4.4.3.4 System Speed Configuration

The SYSCLK speed configuration inputs, shown in Table 4-12 configure internal logic for proper 
operation with the SYSCLK clock frequencies in use. The default setting is appropriate for SYSCLK 
operating above 66 MHz; for low speed operation (SYSCLK 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 PORDEVSR, described inSection 23.4.1.4, “POR Device Status Register 
(PORDEVSR).”

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],
TSEC_1588_CLK_OUT

No Default

cfg_ddr_pll[0:2] 000 3:1

001 4:1

010 6:1

011 8:1

100 10:1

101 12:1

110 Reserved

111 Synchronous mode

Table 4-12. System Speed Configuration

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

LGPL1/LFALE

Default (1)

cfg_sys_speed 0 SYSCLK frequency at or below 66 MHz

1 SYSCLK frequency above 66 MHz
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4.4.3.5 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 
PORDEVSR, described in Section 23.4.1.4, “POR Device Status Register (PORDEVSR).”

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 peripheral 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 location 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 eSPI or eSDHC device driver and the code to perform block copy from eSPI EEPROM or SD/MMC 
card to DDR memory. Selecting on-chip ROM in boot ROM location will cause the e500 CPU to fetch 
data from the on-chip ROM. 

Table 4-13. Core Speed Configuration

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

LWE0/LBS0/LFWE

Default (1)

cfg_core_speed 0 Core frequency at or below 800 MHz

1 Core frequency above 800 MHz
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Note that the values latched on these signals during POR are accessible through the memory-mapped 
PORBMSR (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 Translation 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 a master on another interface. In host mode, the device is immediately 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 enables it to do so. 
The external host does this by setting the control registers of the MPC8536E’s interfaces appropriately. 
See details in the PCI and PCI Express, programming models described in Chapter 16, “PCI Bus 
Interface,” and Chapter 17, “PCI Express Interface Controller,” respectively.

Note that the values latched on these signals during POR are accessible through the memory-mapped 
PORBMSR (POR boot mode status register) described in Section 23.4.1.2, “POR Boot Mode Status 
Register (PORBMSR).”

Table 4-14. Boot ROM Location

Functional Signals Reset Configuration Name
Value

(Binary)
Meaning

TSEC1_TXD[7:4]

Default (1111)

cfg_rom_loc[0:3] 0000 PCI

0001 PCI Express 1

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—8-bit NAND Flash small page ECC enabled

1001 Local bus FCM—8-bit NAND Flash small page ECC disabled

1010 Local bus FCM—8-bit NAND Flash large page ECC enabled

1011 Local bus FCM—8-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)
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4.4.3.8 SerDes1 I/O Port Selection

The device can be configured with different I/O ports active on SerDes1. Table 4-16 shows the 
configuration of I/O ports and bit rates (and required reference clocks) that are possible for SerDes1 
interfaces.

Table 4-15. Host/Agent Configuration

Functional Signals
Reset Configuration 

Name
Value

(Binary) 
Meaning

LWE[1:3]/LBS[1:3]

Default (111)

cfg_host_agt[0:2] 000 Reserved 

001 MPC8536E acts as an endpoint on PCI Express 3 interface. It acts as 
the host/root complex for all other PCI/PCI Express interfaces.

010 Reserved 

011 MPC8536E 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 MPC8536E acts as an endpoint on PCI Express 1 interface. It acts as 
the host/root complex for all other PCI/PCI Express interfaces.

110 MPC8536E acts as an agent of an external host on its PCI interface. 
It acts as a root complex for all PCI Express interfaces.

111 MPC8536E acts as the host processor/root complex on all interfaces 
(default).

Table 4-16. SerDes1 I/O Port Selection

Functional
Signal

Reset Configuration Name
Value

(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 PCI Express 1 (x8) (2.5Gbps) �  SerDes1 Lanes A–H1

1 x8 PCI Express is only available at CCB (platform) speeds of 527 MHz or greater.

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
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4.4.3.9 SerDes2 I/O Port Selection

The device can be configured with different I/O ports active on SerDes2. Table 4-17 shows the 
configuration of I/O 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 (see Section 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.”

4.4.3.10 CPU Boot Configuration

The CPU boot configuration input, shown in Table 4-18, specifies the boot configuration mode. If LA27 
is sampled low at reset, the e500 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. 

Table 4-17. SerDes2 I/O Port Selection

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

TSEC1_TXD2,
TSEC3_TXD2,
TSEC_1588_
PULSE_OUT1

Default (111)

cfg_srds2_prtcl[0:2] 000 Reserved

001 SATA1 �  SerDes2 Lane A.
SATA2 �  SerDes2 Lane B.
eTSEC1 and eTSEC3 Ethernet interface uses parallel interface according 
to POR config inputs cfg_tsec1_prtcl and cfg_tsec3_prtcl.

010 Reserved

011 SATA1 �  SerDes2 Lane A.
SATA2 disabled.
eTSEC1 and eTSEC3 Ethernet interface uses parallel interface according 
to POR config inputs cfg_tsec1_prtcl and cfg_tsec3_prtcl.
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)
eTSEC3 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_prtcl.
SerDes2 disabled
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Note that the value latched on this signal during POR is accessible through the memory-mapped 
PORBMSR (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.”).

4.4.3.11 Boot Sequencer Configuration

The boot sequencer configuration options, shown in Table 4-19, allow the boot sequencer to load 
configuration data from the serial ROM located on the I2C1 port before the host tries to configure the 
MPC8536E. These options also specify normal or extended I2C addressing 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 
PORBMSR (POR boot mode status register) described in Section 23.4.1.2, “POR Boot Mode Status 
Register (PORBMSR).”

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.”

Table 4-18. CPU Boot Configuration

Functional
Signal

Reset Configuration 
Name

Value
(Binary)

Meaning

LA27

Default (1)

cfg_cpu_boot 0 CPU boot holdoff mode. The e500 core is prevented from booting until 
configured by an external master.

1 The e500 core is allowed to boot without waiting for configuration by an 
external master (default).

Table 4-19. Boot Sequencer Configuration

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

LGPL3/LFWP, 
LGPL5

Default (11)

cfg_boot_seq[0:1] 00 Reserved

01 Normal I2C addressing mode is used. Boot sequencer is enabled and 
loads configuration information from a ROM on the I2C interface. A valid 
ROM must be present. 

10 Extended I2C addressing mode is used. Boot sequencer is enabled and 
loads configuration information from a ROM on the I2C1 interface. A valid 
ROM must be present.

11 Boot sequencer is disabled. No I2C ROM is accessed (default).



Reset, Clocking, and Initialization

MPC8536E PowerQUICC III Integrated Processor Reference Manual, Rev. 1

Freescale Semiconductor 4-19
 

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.

4.4.3.13 Serdes 2 Reference Clock Configuration

Three options are available for the frequency of the input SerDes2 reference clock: either a 100-MHz, 
125-MHz, or 150-MHz LVDS differential clock.

This one clock is applied to an internal PLL whose output creates the clock used by all SGMII/SATA 
SerDes lanes. The result is always 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 4-20. DDR DRAM Type

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

LGPL0/LFCLE

Default (1)

cfg_dram_type 0 DDR3
1.5 V, CKE low at reset

1 DDR2
1.8 V, CKE low at reset (default)

Table 4-21. Serdes 2 Reference Clock Configuration

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

TSEC3_TXD3, 
TSEC_1588_
PULSE_OUT2

Default (11)

cfg_srds2_ref_clk[0:1] 00 Reserved

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.

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 this signal during POR is accessible through 
the memory-mapped PORDEVSR (POR device status register) described in Section 23.4.1.4, “POR 
Device Status Register (PORDEVSR).”

This input 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 PORDEVSR (POR device status register) described in Section 23.4.1.4, “POR 
Device Status Register (PORDEVSR).”

The value of this configuration setting does not affect the width of the FIFO interface on eTSEC3, which 
is always 8 bits. 

Table 4-22. eTSEC1 Width Configuration

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

TSEC1_TX_ER

Default (1)

cfg_tsec1_reduce 0 eTSEC1 interface operates in reduced pin mode, either RTBI, RGMII or 
RMII.

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

Table 4-23. eTSEC3 Width Configuration

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

TSEC3_TX_ER

Default (1)

cfg_tsec3_reduce 0 eTSEC3 Ethernet interface operates in reduced mode, either RTBI, RGMII 
or RMII.

1 eTSEC3 Ethernet interface operates in standard TBI, GMII, MII, or 8-bit 
FIFO mode (default).
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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 eTSEC1 controller. Note that the value latched on these signals during POR is accessible through the 
memory-mapped PORDEVSR (POR device status register) described in Section 23.4.1.4, “POR Device 
Status Register (PORDEVSR).”

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 PORDEVSR (POR device status register) described in Section 23.4.1.4, “POR Device 
Status Register (PORDEVSR).”

Table 4-24. eTSEC1 Protocol Configuration

Functional 
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

TSEC1_TXD[0:1]

Default (11)

cfg_tsec1_prtcl[0:1] 00 The eTSEC1 controller operates using 8-bit FIFO protocol.

01 The eTSEC1 controller operates using the MII 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).

Table 4-25. eTSEC3 Protocol Configuration

Functional Signal
Reset Configuration 

Name
Value

(Binary)
Meaning

TSEC3_TXD[0:1]

Default (11)

cfg_tsec3_prtcl[0:1] 00 The eTSEC3 controller operates using 8-bit FIFO protocol.

01 The eTSEC3 controller operates using the MII protocol (or RMII if 
configured in reduced mode as described in Section 4.4.3.15, “eTSEC3 
Width”)

10 The eTSEC3 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 eTSEC3 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 source inputs, 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 PORDEVSR (POR device status register) described in Section 23.4.1.4, “POR Device 
Status Register (PORDEVSR).”

4.4.3.19 PCI Speed Configuration

The PCI speed configuration input, shown in Table 4-27, configures internal logic for proper operation 
with the PCI clock frequencies in use. The default setting is appropriate for PCI operating above 33 MHz; 
for low speed operation (PCI at or below 33 MHZ) this POR configuration input should be low during 
HRESET. If this configuration is not set properly, behavior of the PCI interface may be unreliable.

Note that the value latched on this signal during POR is accessible through the memory-mapped 
PORDEVSR, described in Section 23.4.1.4, “POR Device Status Register (PORDEVSR).”

4.4.3.20 PCI I/O Impedance

The PCI I/O impedance configuration inputs, shown in Table 4-28 select the impedance of the PCI I/O 
drivers for the respective interfaces. Note that the values latched on these signals during POR are 
accessible through PORIMPSCR, described in Section 23.4.1.3, “POR I/O Impedance Status and Control 
Register (PORIMPSCR).”

Table 4-26. PCI Clock Select

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

USB1_STP

Default (1)

cfg_pci_clk 0 Asynchronous mode. PCI_CLK is used as the clock for the PCI interface

1 Synchronous mode. SYSCLK is used as the clock for the PCI interface (default).

Table 4-27. PCI Speed Configuration

Functional Signal Reset Configuration Name
Value

(Binary)
Meaning

USB2_STP

Default (1)

cfg_pci_speed 0 PCI frequency at or below 33 MHz

1 PCI frequency above 33 MHz (default)

Table 4-28. PCI I/O Impedance

Functional Signal
Reset Configuration 

Name
Value

(Binary)
Meaning

PCI_GNT1

Default (1)

cfg_pci_impd 0 25-� I/O drivers are used on the PCI interface.

1 42-�  I/O drivers are used on the PCI 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 PORDEVSR described in 
Section 23.4.1.4, “POR Device Status Register (PORDEVSR).”

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 PORDBGMSR (POR debug mode 
register) described in Section 23.4.1.5, “POR Debug Mode Status Register (PORDBGMSR).”

4.4.3.23 DDR Debug Configuration

The DDR debug configuration input, shown in Table 4-31, enables a 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.

Note that the value latched on this signal during POR is accessible through the memory-mapped 
PORDBGMSR (POR debug mode register) described in Section 23.4.1.5, “POR Debug Mode Status 
Register (PORDBGMSR).”

Table 4-29. PCI Arbiter Configuration

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

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).

Table 4-30. Memory Debug Configuration

Functional 
Signal

Reset Configuration 
Name

Value
(Binary)

Meaning

MSRCID0

Default (1)

cfg_mem_debug 0 Debug information from the enhanced local bus controller (eLBC) is driven 
on the MSRCID and MDVAL signals

1 Debug information from the DDR SDRAM controller is driven on the 
MSRCID and MDVAL signals (default).

Table 4-31. DDR Debug Configuration

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

MSRCID1

Default (1)

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

1 Debug information is not driven on ECC pins. ECC pins function in their normal 
mode (default).
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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).” This register is intended 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 a list of available peripherals.

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. Note that the value latched 
on these signals during POR are accessible through the PORDEVSR2, described in 
Section 23.4.1.6, “POR Device Status Register 2 (PORDEVSR2).”

4.4.4 Clocking

The following paragraphs describe the clocking within the device. 

4.4.4.1 System Clock/PCI Clock/DDR Clock

The MPC8536E takes a single input clock, SYSCLK, as its primary clock source for the e500 core and all 
of the devices and interfaces that operate synchronously with the core. As shown in Figure 4-6, the 
SYSCLK input (frequency) is multiplied 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 as the DMA and interrupt controller. 
The CCB clock also feeds the PLL in the e500 core and the PLL that create clocks for the local bus memory 
controller.

The PCI interface may use SYSCLK as the 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 

Table 4-32. General-Purpose POR Configuration

Functional 
Signals

Reset Configuration 
Name

Value
(Binary)

Meaning

LAD[0:31]
No default

cfg_gpinput[0:31] — General-purpose POR configuration vector to be placed in GPPORCR

Table 4-33. Engineering Use POR Configuration

Functional
Signal

Reset Configuration
Name

Value
(Binary)

Meaning

EC_MDC, 
TSEC1_TXD3, 
TSEC3_TXD7

Default (111)

cfg_eng_use[0:2] 000–110 Reserved

111 Default operation
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operation is asynchronous with respect to SYSCLK and the platform clock. If the separate (asynchronous) 
PCI_CLK clock signal is used rather than SYSCLK 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 synchronous with the platform. Alternately, an independent clock, DDRCLK, may be multiplied 
up using a separate PLL to create a unique DDR memory controller complex clock. In this case, the DDR 
complex operates asynchronously with respect to the platform clock.

Figure 4-6. Clock Subsystem Block Diagram

4.4.4.2 PCI Express and SGMII Clocks

Clocks for these high speed interfaces on the MPC8536E are derived from a PLL in the SerDes block. This 
PLL is driven by a reference clock (SDn_REF_CLK/SDn_REF_CLK) whose input frequency is a function 
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 SerDes that 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.

4.4.4.2.1 Minimum Frequency Requirements

Section 4.4.3.8, “SerDes1 I/O 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:

See Section 17.1.3.2, “Link Width,” for PCI Express interface width details.

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

4.4.4.3 Ethernet Clocks

The Ethernet blocks operate asynchronously with respect to the rest of the device. These blocks use receive 
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

As shown in Figure 4-7, the real time clock (RTC) input can optionally be used to clock the e500 core timer 
facilities. RTC can also be used (optionally) by the programmable interrupt controller (PIC) global timer 
facilities. The RTC is separate from the e500 core clock and is intended to support relatively low frequency 
timing applications. The RTC frequency range is specified in the MPC8536E Integrated 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 source for the core time base is specified by two fields in HID0: time base enable (TBEN), and 
select time base clock (SEL_TBCLK). If the time base is enabled, (HID0[TBEN] is set), the clock source 
is determined as follows:

• HID0[SEL_TBCLK] = 0, the time base is updated every 8 CCB clocks
• HID0[SEL_TBCLK] = 1, the time base is updated on the rising edge of RTC

The default source of the time base is the CCB clock divided by eight. For more details, see the PowerPC 
e500 Core Complex Reference Manual.

Section 9.3.2.6, “Timer Control Registers (TCRA–TCRB),” provides additional information on the use of 
the RTC signal to clock the global timers in the PIC unit.

527 MHz PCI Express link width( )×
8

-----------------------------------------------------------------------------------------
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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, causes the e500 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]. Two 
different configurations are provided for boot from the on-chip ROM - boot from eSPI and from eSDHC.

4.5.1.1 eSDHC Boot

4.5.1.1.1 Overview

The MPC8536E is capable of loading initialization code from a memory device that is connected to the 
eSDHC controller interface. This device can be either a SD or MMC card or other variants compatible with 
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 device driver 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) causes the e500 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 e500 core starts to execute code from the internal on-chip ROM. The e500 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 all the code has been copied, the e500 core starts 
to execute the code from the target memory device.

There are several different ways a user may utilise the eSDHC boot feature. The simplest 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 be sub-optimal, since only 
1-bit mode is used during booting.

A more advanced option is for 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 MPC8536E is operating at.

4.5.1.1.2 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, RS-MMC and MMCplus (up to and including version 4.0)
— SDHC cards (SD High Capacity, from 4GByte to 32GByte)

• Boot from the following devices is 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/MMC card supports 4 or 8-bit parallel 

access).
• Initial setting will use a serial 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 50MHz 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 MMC 

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 signature in up to 24 

blocks, and trying the next block if the BOOT signature is not found, or if a read CRC error is 
found.

4.5.1.1.3 SD/MMC Card Data Structure

The SD/MMC card should contain the initialization code length in bytes, source address in 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.

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 BOOT signature. This location should contain the value 0x424f_4f54, which is the ascii code for 
BOOT. 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

Source Address

Reserved

Control Words

•
•
•

User’s Code

0x00

Reserved

Configuration Words

0x3F
0x40

0x6B
0x6C

0x7F
0x80
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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 N1

0x80 + 
8*(N–1)+4

Config Data N (final Config Data N optional)

~
~
~

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

1 N <=40 if compatibility with FAT12/FAT16/FAT32 filesystems is required. Refer to Section , “Notes on compatibility with 
FAT12/FAT16/FAT32 Filesystems” for details.

Table 4-35. SD/MMC Card Data Structure (continued)

Address Data Bits [0:31]
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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 Address field has two modes that are selected by the least significant bit in the field (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 allows the user to configure any 4-byte aligned 
memory mapped register, perform control instructions, and specify the end of the configuration stage.

Note that it is illegal 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, this is not an issue.

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

defines the Config Address bits when CNT = 0 (address mode).

0 1 2 29 30 31

CNT = 0 Address — CNT

CNT = 1 EC DLY — CNT

Figure 4-9. Config Address Fields

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 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
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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 FAT32 filesystems (documented in SD Card Specifications 
Part 2—File System Specification v2.0, among other places). This compatibility is possible, but imposes 
a limit 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 (0x1BE) Master Boot Record code area of the 
filesystem.

Given that Configuration Words start at address 0x80, and all Configuration Words (except the last one 
with EC=1 to end the configuration) occupy 8 bytes per Configuration Address/Data pair, this imposes the 
limit 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, FAT16 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 FAT16 define a boot sector with defined fields in the first 0x36 addressable 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 

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 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.

2–29 — 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.
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fields in the first 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 code is copied from one sequential area of SD/MMC card memory space specified 
by the Source Address. The boot ROM software does not look 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.

4.5.1.1.4 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 is initially configured to operate in the following configuration:

• Address Invariant Mode (eSDHC.PROTCTL[EMODE]=10)
• SDHC_DAT[3] does not monitor card insertion. The GPIO4/SDHC_CD pin is used for card detect 

(eSDHC.PROTCTL[D3CD]=0 and Global_Utilities.PMUXCR[SDHC_CD]=1).
• 1-bit mode (eSDHC.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 MHz). This is done with 
eSDHC.SYSCTL[SCLKFS]=0x20 and eSDHC.SYSCTL[DVS]=0xC, for a divisor of 832.

• There must be precisely one device connected on the eSDHC bus (and this device must be inserted 
prior to boot). Multiple MMC 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 a MMC card is to be connected, then weak external pull-ups are required on the 
SDHC_CMD and SDHC_DAT[] pins in order to interface with the MMC open-drain mode during 
initialisation.

• The eSDHC DMA engine is not used for Control or Configuration Word accesses; instead, all 
eSDHC data transfers are initiated by the processor core polling eSDHC.PRSSTAT[BRR] and 
accessing data through the DATPORT register (XFERTYP[DMAEN]=0). The eSDHC DMA 
engine is used for User Code accesses.

4.5.1.1.5 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”.

2. Card-detect. 
3. The SD/MMC card is reset.
4. SD/MMC card voltage validation is performed.
5. SD/MMC card identification.
6. With CMD9, the CSD (Card-Specific Data) register of the SD/MMC card is read.
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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 a read CRC error is detected, then it may be due to a 
bad block on the SD/MMC memory card. To counteract this and provide error resilience, if this 
occurs the eSDHC returns to step 8, fetching data from an address 0x200 greater than the 
previously fetched address. For example, if there have been i failed attempts, then on the following 
try the BOOT signature is 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.

4.5.1.1.6 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 a hardware reset request of the SoC by setting RSTCR[HRESET_REQ]. This may 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.
• No card inserted.
• Incorrect type of card inserted that is not supported for boot (such as CE-ATA).
• There is no 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.

The boot loader code supports redundancy, which allows boot to succeed even in the presence of SD/MMC 
bad blocks. It does this by searching for the BOOT signature in up to 24 locations, and trying the next block 
if the BOOT signature is not found, or if a read CRC error is found. Each location tried is at a fixed 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. This ensures that the boot loader code does not mistakenly detect a BOOT signature. 
This also 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 a limited number of User’s Code sections. This is also possible.

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

4.5.1.2 eSPI Boot ROM

4.5.1.2.1 Overview

The MPC8536E is capable of loading initialization code from a memory device that is connected to the 
eSPI controller interface. This device 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 MPC8536E 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 eSPI 
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) causes the e500 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 e500 core starts to execute code from the internal on-chip ROM. The e500 core 
configures the eSPI controller, enabling it to communicate with the external 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 a target memory device (for example, the DDR) 
through the eSPI interface. After all the code has been copied, the e500 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 simplest 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 is for 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 eSPI modes.

4.5.1.2.2 Features

• Provides mechanism to load initialization code from external eSPI EEPROM
• Simple data structure in eSPI 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 EEPROMs with read instruction code 0x03 followed by a 2-byte 

address (16-bit addressable EEPROMs) 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.

4.5.1.2.3 EEPROM Data Structure

The EEPROM should contain the initialization code length in bytes, source address in 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 eSPI EEPROM data structure.

Figure 4-11. eSPI EEPROM Data Structure

Table 4-38. eSPI EEPROM Data Structure

Address Data Bits [0:31]

0x00–0x3F Reserved.

0x40–0x43 BOOT signature. This location should contain the value 0x424f_4f54, which is the ascii code for 
BOOT. 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

Source Address

Reserved

Control Words

•
•
•

User’s Code

0x00

Reserved

Configuration Words

0x3F
0x40

0x6B
0x6C

0x7F
0x80
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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 Address field has two modes that are selected by the least significant bit in the field (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 allows the user to configure any 4-byte aligned 
memory mapped register, perform control instructions, and specify the end of the configuration stage.

Note that it is illegal 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, this is not an issue.

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 + 
8*(N–1)+4

Config Data N (Final Config Data N optional)

~
~
~

User’s Code

Table 4-38. eSPI EEPROM Data Structure (continued)

Address Data Bits [0:31]
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The Config Address structure is shown in Figure 4-12.

0 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 e500 core to perform sequence of operations to setup the eSPI CS1 mode 
register with the frequency related (PM and DIV16) 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.
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4.5.1.2.4 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.

Figure 4-13. External Signal Connection

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

• Data is shifted out data on SPIMOSI during the falling edge of SPI_CLK. It samples data in from 
SPIMISO during the rising edge of SPI_CLK. 

• The clock is low when the line is idle. 
• It 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.”

• The MSB is sent and received first.

Figure 4-14 shows the default eSPI CS0 mode register (SPMODE0) 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 a location which is not 
sequential to the last byte read). For sequential read operation, toggling the eSPI clock will cause the eSPI 
EEPROM to present the content of the next address location. The serial EEPROM must have an eSPI 
compatible interface with read instruction code 0x03 followed by a 2- or 3-byte address.

0 1 2 3 4 7 8 9 10 11 12 15 16 19 20 23 24 28 29 31

Field CI0 CP0 REV0 DIV160 PM0 ODD0 — POL0 LEN0 CS0BEF CS0AFT CS0CG —

Value 0 0 1 1 0 0 0 1 0 0 0 0 0 1 1 1 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0 0

Figure 4-14. eSPI CS0 Mode Register (SPMODE0) Configuration
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16-bit addressable EEPROM memories are supported and detected automatically by the boot code. This 
is accomplished by the boot code trying 16-bit mode if it fails to find the “BOOT” signature when in 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 eSPI memory. With 16-bit addressable eSPI 
memories, only a 16-bit address is transmitted, and valid data is received from the EEPROM on the 24th 
SPI_CLK cycle rather than the 32nd SPI_CLK cycle for 24-bit addressable memories.

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

4.5.1.3 Default e500 Addressing During System Boot

During boot from the on-chip ROM (for boot targets of either eSPI 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 translation and mapping.

The L2 cache remains disabled as per its power-on reset state. The e500 Level 1 and Level 2 MMU 
configuration is left as per defaults, with the exception that the following TLB1 Entry 1 is also created (in 
addition to the default TLB1 Entry 0 4kByte page at 0x0_FFFF_Fnnnn):

• V=1 (valid)
• TS=0 (address space 0)
• TID=0x00 (global)
• EPN[32–51]=0x00000
• RPN[32–51]=0x00000
• SIZE[0–3]=1011 (4 Gbyte)
• SX/SR/SW=111 (Full supervisor mode access allowed)

SPI_CLK

SPI_MOSI

SPI_MISO

SPI_CSn

0 1 2 3 4 5 6 7 8 9 10 11 30 31 32 33 34 35

8-bit Instruction 24-bit Address

MSB

Data from EEPROM
High-Impedance

23 22 21 1 0
0x03

MSB
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• UX/UR/UW=000 (No user mode access allowed)
• WIMGE=01110 (Cache-inhibited, Memory coherency required, Guarded)
• X0–X1=00
• U0–U3=0
• IPROT=1 (Page is protected from invalidation) 

This configuration results in a 32-bit byte address with a 0-bit effective page number. Therefore the 36-bit 
real address is equal to the 32-bit effective address, with the 4 MSbits 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 a Local Access Window. It is the 
user’s responsibility to setup a local access window through a Control Word address/data pair for the 
desired Target Address and Execution Starting Address (which will typically be in either DDR or Local 
Bus memory space).

Note that any such local access window configured at this time must have the 4 MSbits of the address equal 
to 0. This is due to the 32-bit addressing enabled by the e500 MMUs as described above.

The user can reconfigure the system in the user code portion based on system requirements.
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Part II
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, “e500 Core Integration 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 core is integrated into the SoC. Section 5.2, “e500 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 operations interact. 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 e500 
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 values are 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 e500 
Reference Manual alone. 

General information about e500 core functionality can be found in the following documention:

• Chapter 5, “e500 Core Integration Details,” includes a general summary of e500 core features. 
• The PowerPC™ e500 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 “e500 Core Complex Bus (CCB) and System Integration” chapter in the e500 Reference 
Manual describes core-to-SoC integration issues from the perspective of the e500 core. 

• The EREF: A Programmer’s Reference Manual for Freescale Embedded Processors (Including the 
e200 and e500 Families) describes in detail features defined by the Power ISA and Freescale EIS 
(referred to generically as the architecture). Unless otherwise stated in the e500 Reference Manual, 
e500 features are implemented as the are defined by the architecture and described in the EREF. 

• How the integrated 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 is a block diagram of the processor core complex that shows how the functional units operate 
independently and in parallel. Note that this is a conceptual diagram that does not attempt to show how 
these features are physically implemented. 
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Figure 5-1. e500 Core Complex Block Diagram
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5.2 e500 Core Integration and the Core Complex Bus (CCB)

The CCB is the hardware interface between the core and the SoC, and with a few exceptions, the user 
cannot access these internal signals directly. Figure 5-2 shows a selection of CCB signals that are discussed 
in various places in this manual and in the e500 Reference Manual because understanding how they work 
helps the reader understand the functionality of the device. Links to other chapters in this manual are 
provided in Figure 5-2 and in the text that follows.

 

Figure 5-2. e500 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 e500 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,” describes the SoC’s L2 cache. Figure 5-2 shows the e500 signals 
that interface with the L2 cache.

Master
Address Bus

tt[0:4]
gbl
ci

cint

tbclk

doze

hreset_req

int
hreset

tben

nap
sleep

tbint

halt
halted

stop

wrs[0:1]

stopped

pll_cfg[0:5]

pm_event

pll_clk

pvr [0:31]
svr [0:31]

mcp

Selected CCB Signals

wt
cl

tck
trst

tms

tdo
tdi

tdo_ien
tlmsel
tap_en

clkout
ckstp_out
ude
waitr

ts

core_fault_in

External Interrupts 
Chapter 9, “Programmable 
Interrupt Controller (PIC)”

Clocking 
Chapter 4, “Reset, Clocking, 
and Initialization”

Time base/watchdog timer 
Chapter 4, “Reset, Clocking, 
and Initialization” 

Power management 
Chapter 23, “Global Utilities”
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• e500 coherency module (ECM). The ECM, described in Chapter 7, “e500 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 I/O-initiated transactions to snoop the core complex bus 
(CCB) of the core to maintain coherency across cacheable local memory. It also provides a flexible, 
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 e500 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 e500 signals that 
interface with the PIC.

• Power management. The core’s HID0[NAP, DOZE,SLEEP] can be used to assert nap, doze, and 
sleep output signals to initiate power-saving modes at the integrated device level. Figure 5-2 shows 
the e500 signals, which interact with the S0C 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 e500 signals that interface with the debug 
block. The e500 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 III–specific implementation of the e500 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 e500 Core and the PowerQUICC III Core Implementation

Feature PowerQUICC III 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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master control, 10-55
MDEU

context registers, 10-143
data size, 10-137, 10-142
interrupt control, 10-141
interrupt status, 10-137, 10-139
key, 10-146
key size, 10-136
mode, 10-98, 10-132
reset control, 10-137

PCI Express
configuration header registers, 17-45–17-67

32-bit memory base address register, 17-52
64-bit high memory base address register, 17-53
64-bit low memory base address register, 17-53
base address registers, 17-51–17-53, 17-58
bridge control register, 17-67
bus status register, 17-47
cache line size register, 17-49
capabilities pointer register, 17-55, 17-65
command register, 17-46
configuration and status register base address 

(PCSRBAR), 17-51, 17-58
device ID register, 17-45, 17-54
I/O base register, 17-60
I/O base upper 16 bits register, 17-64
I/O limit register, 17-60
I/O limit upper 16 bits register, 17-65
interrupt line register, 17-55, 17-66
interrupt pin register, 17-56, 17-66
latency timer register, 17-50, 17-60
maximum latency (EP-mode) register, 17-57
memory base register, 17-62
memory limit register, 17-62
minimum grant (EP-mode) register, 17-56
prefetchable base upper 32 bits register, 17-64
prefetchable limit upper 32 bits register, 17-64
prefetchable memory base register, 17-63
prefetchable memory limit register, 17-63
primary bus number, 17-58
revision ID register, 17-48
secondary bus number, 17-59
secondary status register, 17-61
subordinate bus number, 17-59
subsystem vendor ID, 17-54
vendor ID, 17-45

device-specific configuration space registers, 
17-68–17-81

capabilities register, 17-71
capability ID register, 17-71
device capabilities register, 17-72
device control register, 17-72

device status register, 17-73
link capabilities register, 17-74
link control register, 17-74
link status register, 17-75
MSI message address register, 17-80
MSI message capability ID register, 17-79
MSI message control register, 17-80
MSI message data register, 17-81
MSI message upper address register, 17-81
power management capabilities register, 17-69
power management capability ID register, 17-69
power management data register, 17-70
power management status and control register, 17-70
root control register, 17-78
root status register, 17-78
slot capabilities register, 17-76
slot control register, 17-77
slot status register, 17-77

extended configuration space registers, 17-82–17-90
advanced error capabilities and control register, 17-87
advanced error reporting capability ID register, 17-83
correctable error mask register, 17-86
correctable error source ID register, 17-90
correctable error status register, 17-86
error source ID register, 17-90
header log register, 17-88
root error command register, 17-89
root error status register, 17-89
uncorrectable error mask register, 17-84
uncorrectable error severity register, 17-85
uncorrectable error status register, 17-83

memory-mapped registers
ATMU registers, 17-20–17-30
configuration access registers, 17-10–17-13, 

17-43–17-45
error management registers, 17-30–17-43
IP block revision registers, 17-19
pwr mgmt and message registers, 17-13–17-18

PCI/PCI-X
configuration header registers, 16-30–??, 16-59

32-bit memory base address register, 16-37
64-bit high memory base address register, 16-38
64-bit low memory base address register, 16-37
arbiter configuration register (PBACR), 16-41
base address registers, 16-36–16-38
base class code register, 16-35
bus function register (PBFR), 16-41
bus status register, 16-32, 16-49, 16-53, 16-65, 16-66
cache line size register, 16-35
capabilities pointer register, 16-39
command register, 16-31, 16-59
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configuration and status register base address 
(PCSRBAR), 16-36

device ID register, 16-31, 16-39
interrupt line register, 16-39
interrupt pin register, 16-40
latency timer register, 16-36
maximum grant (MAX GNT) register, 16-40
maximum latency (MAX LAT) register, 16-41
programming interface register, 16-34
revision ID register, 16-34
subclass code register, 16-35
vendor ID, 16-30, 16-38

memory-mapped registers
ATMU inbound registers, 16-19–16-23
ATMU outbound registers, 16-15–16-19
configuration access registers, 16-14–16-15, 16-60
error management registers, 16-23–16-29

performance monitor, descriptions, 24-3
PIC, 9-19

global registers, 9-19–9-23
global timer registers, 9-23–9-28
interrupt source configuration registers, 9-24–9-26, 

9-40–??
message registers, 9-34–??
non-accessible registers

interrupt pending register (IPR), 9-52
interrupt request register (IRR), 9-53

per-CPU registers, 9-46–9-51
performance monitor mask registers, 9-32–9-34, 

??–9-34
summary registers, 9-28–??, 9-28–9-32, ??–9-32

PKEU
EU_GO, 10-96, 10-116, 10-143, 10-154, 10-160
interrupt control, 10-153
interrupt status, 10-151
key size, 10-147, 10-148
reset control, 10-149
status, 10-112, 10-150

PKEU data size, 10-149
processor version register (PVR), 23-29
RNG

data size, 10-156
interrupt control, 10-159
interrupt status, 10-158
mode, 10-156
reset control, 10-156

security engine (SEC)
KEU, 10-118–??

system version register (SVR), 23-30
trace buffer, 25-15–25-22
trigger out source register, 25-23
USB interface, 21-6–??

capability registers, 21-6–21-10
operational registers, 21-10

watchpoint monitor, 25-10–25-15
registers

SPI command,, 18-9
SPI event,, 18-6, 18-7
SPI mode,, 18-6, 18-12

Reset
core reset through PIC register, 9-22, 9-58
hard reset actions, 4-8
HRESET_REQ control, 23-30
operations, 4-8
power-on reset (POR)

configuration, see Power-on reset (POR), configuration
sequence of events, 4-9

requests from RapidIO and PCI Express, 23-28
signals summary, 4-2

see also Signals, reset
soft request, 23-27, 23-28
soft reset actions, 4-8

and reconfiguring the eTSEC, 14-161
RMON support, see eTSEC, modes of operation
RNG

data size register, 10-156
FIFO, 10-161
interrupt control register, 10-159
interrupt status register, 10-158
mode register, 10-156
reset control register, 10-156

RTC (real time clock) signal, 4-3, 4-26, 9-27, 9-28
RTS, see DUART_RTS[0:1]

S
SCL (I2C serial clock) signal, 11-3, 11-4
SD_RX[7:0]/SD_RX[7:0] (PCI Express serial data input and 

complement) signals, 17-5
SD_TX[7:0]/SD_TX[7:0] (PCI Express serial data output 

and complement) signals, 17-5
SDA (I2C serial data) signal, 11-3, 11-4
Security engine (SEC)

register descriptions
KEU, 10-118–??

Serial data/clock, see I2C interface, 11-1
Serial peripheral interface (SPI)

multi-master operation, 18-3
Signals

clock
RTC (real time clock), 4-3, 4-26, 9-27, 9-28
SYSCLK (system clock input), 4-3

complete signal listing
alphabetical reference, 3-9
configuration signals, sampled at POR, 3-15
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see also Power-on reset (POR)
figure showing groupings, 3-1
output signal states at power-on reset, 3-17
reference by functional block, 3-2

DDR
MA[0:14] (address bus), 8-7
MBA[0:1] (logical bank address), 8-7
MCAS (column address strobe), 8-8
MCK[0:5] (DDR clock output complements), 8-10
MCK[0:5] (DDR clock outputs), 8-10
MCKE[0:3] (DDR clock enables), 8-10
MCS[0:3] (chip selects), 8-8
MDIC[0:1] (driver impedance calibration), 8-9
MDM[0:8] (SDRAM data output mask), 8-9
MDQS[0:8] (data bus strobes), 8-6, 8-61
MDVAL (debug mode data valid), 4-23, 25-3, 25-6
MECC[0:5] (error correcting code)

as debug signals, 25-3, 25-7
MECC[0:7] (error correcting code), 4-23, 8-7
MODT[0:3] (on-die termination), 8-9
MRAS (row address strobe), 8-8
MSRCID[0:4] (debug source ID), 4-23, 25-3, 25-7
MWE (write enable), 8-8, 8-9

DMA
DMA_DACK[0:3] (DMA acknowledge), 15-5
DMA_DDONE[0:3] (DMA done), 15-5
DMA_DREQ[0:3] (DMA request), 15-5

DUART
UART_CTS[0:1] (DUART clear to send), 12-1, 12-3
UART_RTS[0:1] (DUART request to send), 12-1, 12-3
UART_SIN [0:1] (DUART transmitter serial data in), 

12-2, 12-3
UART_SOUT [0:1] (DUART transmitter serial data 

out), 12-2, 12-3
eTSEC

EC_GTX_CLK125 (eTSEC gigabit transmit 125 MHz 
source), 14-11

EC_MDC (eTSEC management data clock), 14-11
EC_MDIO (eTSEC management data input/output, 

BIDI), 14-11
FIFO interface signal summary, 14-159
TSECn_COL (eTSEC 1–4 collision input), 14-10
TSECn_CRS (eTSEC 1–4 carrier sense input/FIFO 

receiver flow control), 14-10
TSECn_GTX_CLK (eTSEC 1–4 gigabit transmit clock), 

14-10
TSECn_RX_CLK (eTSEC 1–4 receive clock), 14-11
TSECn_RX_DV (eTSEC 1–4 receive data valid), 14-11
TSECn_RX_ER (eTSEC 1–4 receive error), 14-12
TSECn_RXD[7:0] (eTSEC 1–4 receive data in), 14-12
TSECn_TX_CLK (eTSEC 1–4 transmit clock in), 14-12
TSECn_TX_EN (eTSEC 1–4 transmit data valid), 14-13

TSECn_TX_ER (eTSEC 1–4 transmit error), 14-13
TSECn_TXD[7:0] (eTSEC 1–4 transmit data out), 14-13

global utilities
ASLEEP, 23-2
CKSTP_IN (checkstop in), 23-2
CKSTP_OUT (checkstop out), 23-3
CLK_OUT, 23-3, 23-33

GPIO, 22-2
I2C

SCL (serial clock), 11-3, 11-4
SDA (serial data), 11-3, 11-4

JTAG
TCK (JTAG test clock), 25-8
TDI (JTAG test data input), 25-8
TDO (JTAG test data output), 25-8
TMS (JTAG test mode select), 25-8
TRST (JTAG test reset), 25-9

LBC
LA[27:31] (non-multiplexed address), 13-7
LAD[0:31] (multiplexed address/data), 13-7
LALE (external address latch enable), 13-5, 13-43
LBCTL (data buffer control), 13-7, 13-46
LBS[0:3] (UPM byte select), 13-6
LCK[0:2] (clock), 13-8
LCS[0:7] (chip select), 13-6
LCS0 (LBC chip select 0), 13-58, 13-72
LDP[0:3] (data parity), 13-8
LGPL0 (GP line 0), 13-6
LGPL1 (GP line 1), 13-6
LGPL2 (GP line 2), 13-6
LGPL3 (GP line 3), 13-6
LGPL4 (GP line 4), 13-7
LGPL5 (GP line 5), 13-7
LGTA (GPCM transfer acknowledge), 13-7, 13-57
LOE (GPCM output enable), 13-6
LPBSE (parity byte select), 13-7
LSYNC_IN (DLL synchronization in), 13-8
LSYNC_OUT (DLL synchronization out), 13-8
LWE[0:3] (GPCM write enable), 13-6
MDVAL (debug mode data valid), 4-23, 13-8, 25-3, 25-6
MSRCID[0:4] (debug source ID), 4-23, 13-8, 25-3, 25-7
TA (data transfer acknowledge), 13-45
UPWAIT (UPM wait), 13-7, 13-75

other
TEST_SEL (factory test), 25-6
THERM[0:1] (thermal resistor access), 25-9

PCI Express
SD_RX[7:0]/SD_RX[7:0] (PCI Express serial data input 

and complement) signals, 17-5
SD_TX[7:0]/SD_TX[7:0] (PCI Express serial data 

output and complement) signals, 17-5
PCI/PCI-X
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PCI_AD[63:0] (address/data bus), 16-6
PCI_C/BE[7:0] (command/byte enable), 16-7, 16-46, 

16-48, 16-49, 16-65
PCI_DEVSEL (device select), 16-7, 16-48
PCI_FRAME (frame), 16-7, 16-45
PCI_GNT[4:0] (bus grant), 16-8, 16-42
PCI_IDSEL (initialization device), 16-8
PCI_IRDY (intitiator ready), 16-8, 16-45
PCI_PAR (parity), 16-9
PCI_PERR (parity error), 16-9, 16-66
PCI_REQ[4:0] (bus request), 16-9, 16-42
PCI_SERR (system error), 16-10, 16-66
PCI_STOP (stop), 16-10, 16-49
PCI_TRDY (target ready), 16-10, 16-45

PIC
IRQ[0:11], 9-8
IRQ_OUT, 9-8, 9-28
MCP, 9-8

reset
HRESET (hard reset), 4-2, 4-8
HRESET_REQ (hard reset request), 4-2, 11-18, 11-19
READY, 4-2, 25-23, 25-24
SRESET (soft reset), 4-2, 4-8

USB interface, 21-2–21-4
see also USB interface, signals

watchpoint monitor
TRIG_IN (watchpoint trigger in), 25-7, 25-11, 25-17
TRIG_OUT (watchpoint trigger out), 25-8, 25-23

Soft reset, 23-27, 23-28
SPCOM,, 18-9
SPI command register,, 18-7
SPI event register,, 18-6, 18-7
SPI,, 18-1
Split transaction isochronous transfer descriptor (siTD), see 

USB interface, split transaction isochronous transfer 
descriptor (siTD)

Split transactions, see USB interface, split transactions
SRAM, see L2 cache/SRAM, 6-27
SRESET (soft reset) signal, 4-2, 4-8
Stashing, see L2 cache/SRAM, stashing, 6-25
SYSCLK (system clock input) signal, 4-3
System interface, 21-40

T
TA (LBC data transfer acknowledge) signal, 13-45
Target-disconnect, see  PCI/PCI-X controller
TCK (JTAG test clock) signal, 25-8
TCR (timer control register), see e500 core, registers
TDI (JTAG test data input) signal, 25-8
TDO (JTAG test data output) signal, 25-8
Termination

PCI/PCI-X, termination of PCI transactions, 16-52

Test interface, see JTAG test access port
TEST_SEL (factory test) signal, 25-6
THERM[0:1] (thermal resistor access) signals, 25-9
Timing diagrams

PCI/PCI-X transactions, 16-50
TMS (JTAG test mode select) signal, 25-8
Trace buffer

and watchpoint monitor, block diagram, 25-1
as a second watchpoint monitor, 25-27
functional description, 25-27–25-29
initialization, 25-30
modes of triggering and arming, 25-4
overview, 25-1
register descriptions, 25-15–25-22

by acronym, see Register Index
see also Watchpoint monitor, 25-4
traced data formats relative to TBCR1[IFSEL]

DDR trace buffer entry, 25-28
ECM trace buffer entry, 25-27
PCI trace buffer entry, 25-28, 25-29

Transactions
PCI/PCI-X see PCI/PCI-X controller, transactions

TRIG_IN (watchpoint trigger in) signal, 25-7, 25-11, 25-17
TRIG_OUT (watchpoint trigger out) signal, 25-8, 25-23
TRST (JTAG test reset) signal, 25-9
TSECn_COL (eTSEC 1–4 collision input) signals, 14-10
TSECn_CRS (eTSEC 1–4 carrier sense input/FIFO receiver 

flow control) signals, 14-10
TSECn_GTX_CLK (eTSEC 1–4 gigabit transmit clock) 

signals, 14-10
TSECn_RX_CLK (eTSEC 1–4 receive clock) signals, 14-11
TSECn_RX_DV (eTSEC 1–4 receive data valid) signals, 

14-11
TSECn_RX_ER (eTSEC 1–4 receive error) signals, 14-12
TSECn_RXD[7:0] (eTSEC 1–4 receive data in) signals, 

14-12
TSECn_TX_CLK (eTSEC 1–4 transmit clock in) signals, 

14-12
TSECn_TX_EN (eTSEC 1–4 transmit data valid) signals, 

14-13
TSECn_TX_ER (eTSEC 1–4 transmit error) signals, 14-13
TSECn_TXD[7:0] (eTSEC 1–4 transmit data out) signals, 

14-13

U
UART_CTS[0:1] (DUART clear to send) signals, 12-1, 12-3
UART_RTS[0:1] (DUART request to send) signals, 12-1, 

12-3
UART_SIN [0:1] (DUART transmitter serial data in) signals, 

12-2, 12-3
UART_SOUT [0:1] (DUART transmitter serial data out) 

signals, 12-2, 12-3
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Universal asynchronous receiver/transmitter, see DUART
Universal serial bus, see USB interface
UPWAIT (LBC UPM wait) signal, 13-7, 13-75
USB interface

asynchronous schedule, 21-41, 21-74
adding queue heads, 21-75
empty detection, 21-78
list queue head pointer, 21-43
organization, 21-43
reclamation status bit, 21-79
removing queue heads, 21-76
traversal (start event), 21-79

features, 21-2
frame list

link pointer format, 21-43
functional descriptions

DMA engine, 21-40
FIFO RAM controller, 21-41
PHY interface, 21-41
system interface, 21-40

host data structures, 21-41
host operations, 21-61

behavior during wake-up events, 21-65
host controller initialization, 21-62
periodic schedule, 21-69
periodic schedule frame boundaries vs. bus frame 

boundaries, 21-67
port power control (PPC), 21-63
port suspend/resume, 21-64
reporting over-current, 21-63
schedule traversal rules, 21-66
split transactions, 21-84

execution state machine for isochronous, 21-104
isochronous, 21-98
periodic interrupt—Do-Complete-Split, 21-94
periodic interrupt—Do-Start-Split, 21-93
scheduling mechanisms for isochronous, 21-99
see also USB interface, split transactions
tests for execution, 21-94
tracking progress for isochronous transfers, 21-102

suspend/resume, 21-63
isochronous (high-speed) transfer descriptor (iTD), 21-41, 

21-44
buffer page pointer list (plus), 21-46
host controller operational model, 21-70
managing transfers, 21-70
next link pointer, 21-44
periodic scheduling threshold, 21-73
software operational model, 21-72
transaction status and control list, 21-45

memory map/register definitions, 21-4–21-5, ??–A-19
modes of operation, 21-2

overview, 21-2
periodic frame list, 21-41, 21-42
periodic frame span traversal node (FSTN), 21-60

back path link pointer, 21-61
normal path pointer, 21-61

periodic schedule, 21-41, 21-42
organization, 21-42
rebalancing, 21-98

queue element transfer descriptor (qTD), 21-41, 21-51
alternate next pointer, 21-52
buffer page pointer list, 21-56
next pointer, 21-52
token, 21-53

queue heads, 21-41, 21-56
endpoint capabilities/characteristics, 21-57
horizontal link pointer, 21-57
managing control/bulk/interrupt transfers, 21-79

buffer pointer list use for data streaming with qTDs, 
21-80

ping control, 21-83
to the periodic schedule, 21-82
transfer complete interrupts, 21-82

managing the QH[FrameTag] field, 21-97
transfer overlay, 21-59

registers
by acronym, see Register Index
capability registers, 21-6–21-10
operational registers, 21-10

signals, 21-2–21-4
ULPI interface, 21-2

split transaction isochronous transfer descriptor (siTD), 
21-41, 21-47

back link pointer, 21-51
buffer pointer list (plus), 21-50
endpoint capabilities/characteristics, 21-48
next link pointer, 21-48
transfer state, 21-49

split transactions, 21-84
asynchronous transfers, 21-84

Do-Complete-Split state, 21-85
Do-Start-Split state, 21-85

interrupt, 21-86
execution state machine, 21-92
host controller operational model for FSTNs, 21-89
scheduling mechanisms, 21-86
software operational model for FSTNs, 21-91
tracking progress for interrupt transfers, 21-92

V
Voltage selection

LBC signals, 23-31
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W–Z Index

W
Watchpoint monitor

and trace buffer, block diagram, 25-1
functional description, 25-26
initialization, 25-30
modes of triggering and arming, 25-4
overview, 25-1
performance monitor events, 25-26
register descriptions, 25-10–25-15

by acronym, see Register Index
second WM by using trace buffer, 25-27
see also Trace buffer, 25-4
signals summary, 25-5

see also Signals, watchpoint, 25-5

Z
ZBT SRAM interface (LBC), 13-99, 13-104
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